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OBJECTS    AND    RULES 

OP 

THE  ASSOCIATION. 
0BJ.ECT9. 

Thb  AbSOCUttox  oontemplateB  no  interference  with  the  gronnd  oooa|ned 
fay  other  inatitutiouB,  Ita  objects  are : — To  give  a  strongor  impnlse  and 
ft  more  evBtematic  direction  to  Bcientifio  inqniry, — to  promote  the  inter- 
oonrse  of  those  who  cnltivate  Boienca  in  different  parts  of  the  British 
Bmpire,  with  one  another  and  with  foreign  philosophers,— to  obtain  a 
more  general  attention  to  the  objects  of  Soienoe,  ana  a  remoral  of  any 
disadrantagee  of  a  public  kind  which  impede  ita  prt^prees. 

RULES. 
.  Ad/mission  of  Mmnbera  and  AasooiatM. 

All  persona  who  have  attended  the  first  Meeting  flhall  be  entitled 
to  become  Members  of  the  Association,  Qpon  Bnbaoribing  an  obligatloii 
to  conform  to  its  Bnles. 

The  Fellows  and  Members  of  Chartered  Literary  and  Philosophical 
Societies  pnblishing  Transactions,  in  the  British  Empire,  shall  be  entitled, 
in  like  manner,  to  become  Members  of  the  Associatioi]. 

The  Officers  and  Members  of  the  ConncilB,  or  Managing  Committees, 
of  Philosophical  Inatitntions  shall  be  entitled,  in  like  manner,  to  become 
Members  of  the  Association, 

All  Members  of  a  Philosophical  Institution  recommended  by  its  Conn- 
oil  or  Managing  Committee  Btiall  be  entitled,  in  like  manner,  to  become 
Members  of  the  Association. 

Persons  not  belonging  to  snch  Institutions  ahall  be  elected  by  the 
Qaieral  Committee  or  Council  to  become  Life  Members  of  the  Asso- 
ciation, Annual  Snbacribers,  or  Associates  for  the  year,  salgect  to  the 
(^sproval  of  a  Geneial  Meeting. 

Gompoeitionay  Suhaoriptiona,  and  PrwiUges. 

LiR  Membibs  shall  pay,  on  admission,  the  sum  of  Ten  Pounds.  They 
shMll  receiTe  griUuitouAy  the  Beports  of  the  Association  which  may  be 
published  after  tlie  date  of  such  payment.  They  are  eligible  to  all  the 
(dBcee  of  tiie  Ansooiation. 

AianiAL  SuBSCBiBiBfl  shall  pay,  on  admission,  the  snm  of  Two  Pounds, 
and  in  each  following  year  the  sum  of  One  Ponnd.    They  shall  receive 
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gratu/HoMtly  Hio  Boporte  of  the  Assooiatioii  for  the  ye&r  of  their  admisHion 
and  for  the  years  in  which  they  continne  to  pay  vtiihout  intermittion  their 
Annnal  Sabscriptaon.  By  omitting  to  pay  this  Babscription  in  any  psr- 
ticnlar  year,  Members  of  this  claas  (Annn&l  Subscribere)  lose  for  thai  and 
(Ui  future  yean  the  pririlege  of  receiving  the  volnniea  of  the  Aasociation 
gratit;  bnttbeymayreBome  their  Uemberehip  and  other  privilegea  at  any 
■nbseqnent  Meeting  of  the  Association,  paying  on  each  such  occasion  the 
anm  of  One  Pound.     They  are  eligible  to  ul  the  offices  of  the  AflBOoiation. 

Abbooutxb  for  the  year  ahall  pay  on  admisBion  the  Bom  of  One  Poniid. 
ThOT  shall  not  receive  ffrataitously  the  BeportB  of  the  AsBociatioa,  nor  be 
eligible  to  serve  on  Committees,  or  to  hold  any  office. 

The  Association  coaBists  o£  the  following  classes : — 

1.  Life  Members  admitted  from  1831  to  1845  inoloaive,  who  have  paid 
on  admiaaion  Five  Founds  as  a  composition. 

2.  Life  Membere  who  in  1846,  or  in  sabseqaetit  years,  have  paid  on 
admiMion  Ten  FonndB  as  a  composition. 

3.  Annual  Members  admitted  from  1831  to  1839  inclnsive,  subject  to 
the  payment  of  One  Found  annually.  [May  resume  their  Membership  after 
iutennisaion  of  Annual  Payment.] 

i.  Annual  Members  admitted  in  any  year  aince  1889,  subject  to  Uie 
payment  of  Two  Pounds  for  the  first  year,  and  One  Pound  in  each 
following  year.  [May  resume  their  Membership  after  intennissioD  of 
Annnal  Payment.! 

fi.  Associates  for  the  year,  subject  to  the  payment  of  One  Found. 

6.  Corresponding  Members  nominated  by  the  Council. 

And  the  Members  and  Associates  will  be  entitled  to  receive  die  annual 
rolume  of  Beports,  gratit,  or  to  pwckaae  it  at  reduced  (or  Members') 
pnce,  according  to  the  following  specification,  viz. ; — 

1.  Oratit.—Oli  Life  Members  who  have  paid  Five  Founda  as  a  corapo- 

sitioD  for  Annual  Payments,  and  previous  to  1846  a  farther 

sum  of  Two  Fonnds  as  a  Book  Sabecription,  or,  since  1845, 

a  farther  sum  of  Five  Pounds. 
Kew  Lifb  Members  who  have  paid  Ten  Pounds  as  a  composition. 
Annnal  Members  who  have  ttot  iniermiUed  their  Annnal  Snb- 

Bcription. 

2.  At  reduced  or  Members'  Price,  vix-jt^to-ihiTdaoi  the  Publication  Price. 

— Old  Life  Members  who  have  paid  Five  Ponnds  as  a  compo- 
sition for  Annual  Payments,  but  no  farther  sum  as  a  Book 
Subscription. 
Annual  Members  who  haveintermitted  their  Annual  Subscription. 
Associates  for  the  year.     [Privilege  confined  to  the  volmne  for 
that  year  only.] 
8.  Members  may  purchase  (for  the  purpose  of  completing  their  sets)  any 
of  the  volumes  of  the  Beports  of  the  Associatian  up  to  i8?4, 
oftehieh  more  than  15  copies  remain,  at  25.  6d,  per  volume.' 
Application  to  be  made  at  the  Office  of  the  Association. 
Volnmes  not  claimed  within  two  years  of  the  date  of  publication  can 
only  be  issued  by  direotion  of  the  Oonnoil. 

Sobflcriptions  shall  be  received  by  the  Treasurer  or  Secretaries, 

>  A  tew  complete  Mts,  1831  to  1871,  ais  on  sale,  at  ^filO  the  let. 

Google 
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Meetings. 


The  Assooiatbii  fliaU  meet  annually,  for  one  week,  or  longer.  The 
ptsoe  of  each  Meeting  shall  be  appointed  by  tbe  Qeneral  Committee  not 
Imb  tb&n  two  yean  in  advuioe  ' ;  and  the  arrangemente  for  it  shall  be 
sntmated  to  the  Offloera  of  the  Association. 

Omieral  GommitUe. 

The  General  Committee  shall  sit  dnring  the  week  of  the  Meeting,  or 
longer,  to  transact  the  basinees  of  the  Association.  It  shall  oonsiat  of  the 
foUowing  persons  :^ 

ClIBB   a.      PlBUiHlXT  MSHBEBB. 

1.  Members  of  the  Council,  Presidents  of  the  Association,  and  Presi- 
denta  of  Sections  for  the  present  and  preceding  years,  with  Authors  of 
BeportB  in  the  Transactions  of  the  Association. 

2.  Members  who  by  the  publication  of  Works  or  Papers  have  far- 
thered the  adranoement  of  those  subjects  which  are  taken  into  oonaidera- 
tion  at  the  Sectional  Meetings  of  the  AssociAtion.  With  a  vimo  of  lub- 
miUm^  fuu  olaitru  und&r  tkia  Rule  to  the  deeiaion  of  the  Oowusil,  they  mtttt  he 
tent  to  the  AsaieiarU  General  Secretary  at  least  one  month  be/tyre  the  Meeting 
of  the  Aeioeiaiitm.  The  deoieion  of  the  Ooundl  on  the  daima  of  any  Memier 
oftheAuooiationto  beplaeed  on  the  list  of  the  Qeneral  Oommittee  to  be  final. 

Clasb  B.    Tkhporjlbt  Mehbeks.^ 

1.  Delegates  nominated  by  the  Corresponding  SodetieB  under  the 
oonditione  hereinafter  explained.  Olaima  under  tkit  Bade  to  he  eent  to  the 
Aaeietant  General  Beeretary  before  the  opening  of  the  Meeting, 

2.  OEKoe-bearers  for  the  time  being,  or  delegates,  altogether  not  ez- 
oeeding  three,  &om  Scientific  Institntions  established  in  the  place  of 
Meetii^f.  Olaima  wider  thia  Rule  to  be  approved  by  the  Jjoeal  Seoretariet 
before  the  opening  of  the  Meeting. 

3.  Foreigners  and  other  individaals  whose  assistance  is  desired,  and 
who  are  specially  nominated  in  writing,  for  the  Meeting  of  the  year,  by 
the  President  and  Qeneral  Secretariee. 

4.  Vice-Presidents  and  Seoretariea  of  Sections. 

Organising  Sectional  Committees.* 
TThe  Presidents,  Yioe- Presidents,  and  Secretaries  of  the  several  See. 
tiottB  are  nominated  by  the  Council,  and  have  power  to  exercise  tbe  fanc- 
tiona  of  Sectional  Committees  until  their  names  are  Bnbmitted  to  the 
Qeneral  Committee  for  election. 

Krom  the  time  of  their  nomination  they  oonstitute  Organising  Com- 
mittees for  the  purpose  of  obtaining  information  upon  the  Memoirs  and 
Beports  likely  to  be  submitted  to  the  Sections,^  and  of  preparing  Beports 

>  Bevised  by  the  Qeneral  Committee,  LiTeipool,  1896. 

•  BeriMd,  Hgntreal,  18S1. 

■  Paued,  Edinburgh,  1871,  revised,  DoTer,  1S99. 

*  XMee   to  QmtrilnitorM  of  3lmui\r*. — Antbors   are   reminded   that,  under  an 
'  dating  from  1871,  tbe  acceptance  of  Hemoiis,  and  the  days  on  which 
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thereon,  and  on  the  order  in  which  it  ia  desirftble  that  the;  shonld  be 
read.  The  Sectional  Presidenta  of  former  jears  are  ex  o0eio  members 
of  the  Organising  Sectional  Committeea,' 

An  Oi^aniaing  Committee  m&y  also  hold  sach  preliminarj  meetings  as 
the  President  of  the  Committee  thinks  expedient,  but  shall,  ander  any 
oircninstanc«B,  meet  on  the  first  Wedneedajr  of  the  Annual  tfeetiug,  fti 
2  P.H.,  to  appoint  members  of  the  Sectional  Gommitt9B.* 

ConatitutUm  of  the  Sectional  CommUteea.' 

On  the  first  day  of  the  Annnal  Meeting,  the  President.  Tiofl-Preu* 
denta,  and  Secretaries  of  each  Section,  'nho  will  be  appointed  by  the 
General  Committee  at  4  p.m.,  and  those  previoas  Preaidente  and  Vice- 
Presidents  of  the  Section  who  may  desire  to  attend,  are  to  meet,  at  2  P.M., 
in  their  Committee  Booms,  and  appoint  the  Sectional  Committees  by 
selecting  individnala  from  among  the  Members  (not  Associates)  present 
at  the  Ueetii^  whose  aaeiatance  th^  mar  particnlarly  desire.  The  See- 
tional  Gommitteee  thna  constitnted  shsJl  have  power  to  add  to  their 
number  from  day  to  day. 

The  List  tbns  formed  is  to  be  watered  daily  in  the  Sectional  Hinnte. 
Book,  and  a  copy  forwarded  without  delay  to  the  Printer,  who  is  chatvsd 
with  pnblishing  the  aame  before  8  a.m.  on  the  next  day  in  the  JoomsJ  of 
the  Sectional  Proceedings. 

Buainese  of  the  Sectional  Committees. 

Committee  Meetings  are  to  be  held  on  the  Wednesday,  and  on  the 
following  Thursday,  PViday,  Satnrday,*  Monday,  and  Tuesday,  for  the 
objects  stated  in  the  Boles  of  the  Association.  The  Organising  Committee 
of  a  Section  is  empowered  to  arrange  the  hours  of  meeting  of  the  Section 
and  the  Sectional  Committee  except  for  Saturday.'' 

The  business  is  to  be  conducted  in  the  following  manner : — 

1.  The  President  shall  call  on  the  Secretary  to  read  ^la  minntes  of 

the  previoas  Meeting  of  the  Committee. 

2.  No  paper  shall  be  read  until  it  has  been  formally  aoospted  by  tha 

they  are  Ui  be  read,  are  now  oh  far  ai>  posF^ible  cietenniced  by  Or^niiiBinK  Committeea 
for  the  seveial  Sectiona  b^dre  the  beginning  of  t.lig  Mteting.  It  has  therefore  become 
necessary,  in  order  to  give  an  opportunity  lo  the  Committees  of  doing'  instlce  to  the 
Beveral  Communications,  that  each  author  sliould  prepare  ao  Abstract  of  his  Memt^ 
ol  a  len^h  suilablo  for  insertion  in  the  published  Transactiona  of  the  Association, 
and  that  he  should  send  it,  tofcctbor  nitb  tiie  original  Memoir,  by  book-post,  on  or 

before addressed  to  the   General   Secretaries,  at  the  office  of 

the  Association.     'For  Section '    Jf  it  should  be  inconvenient  to  the  Aathor 

that  his  paper  shonld  be  read  on  any  porticnlat  days,  he  is  requested  to  send  in- 
formation  thereof  to  the  Necietarles  in  a  separate  note.  Anthors  who  send  in  their 
HiiS.  Uiree  complete  weeks  before  the  Meeting,  and  whose  papers  are  accepted, 
■rill  be  furnished,  before  the  Meeting,  with  printed  copies  of  their  Beporta  aiid 
abstraota.  No  Report,  Paper,  or  Abstract  can  be  inserted  in  the  Annoal  Tolnme 
unless  it  is  handed  either  to  the  Recorder  of  the  Bection  or  t{)  the  Assistant  Oenenl 
Secretary  i^ore  tltit  eonchitum  of  the  Heating. 

■  Sheffield,  1ST9.  '  Swansea,  I8B0,  revised,  Dover,  1899. 

'  Bdinhnrgh,  1871,  revised,  Dover,  1899. 

*  The  meeting  on  Saturday  ia  optional,  8outhport,188S,     ■  HottiDgfaam,  IMS' 
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Committee  of  the  Section,  and  entered  on  the  minQtea  aooord- 
ingly. 
9.  "Pa^en  Trluch  have  been  reported  on  nnfavonrtbly  by  the  Organ- 
isiog  Committees  ahall  not  be  bronght  before  the  Sectionftl 
Oommitteea.' 

At  the  fiifit  meeting,  one  of  the  SeoretarieB  will  read  the  Uinntes  of 
last  jear's  proceedinga,  bb  reoorded  in  tiie  Minnte'Book,  and  the  SynopBiB 
of  BeoonunendationB  adopted  at  the  last  Meeting  of  the  ABsooiation 
and  jwinted  in  the  last  voliune  of  the  Report.  He  will  next  proceed  to 
read  the  Beport  of  the  Organiaing  Committee.'  The  hat  of  Oommnni- 
oations  to  be  read  on  Tharaday  shall  be  then  arranged,  and  the  general 
distribatiim  of  bnsinesa  thronghont  the  week  ahalt  be  provisionuly  ap- 
pointed. At  the  oloee  of  the  Committee  Meeting  the  Searetaiiea  shall 
forward  to  tlie  Printer  a  Liat  of  the  Papen  appointed  to  be  read.  The 
Printer  is  obarged  with  pnbliBbing  the  same  before  8  a.u.  on  Thnisday 
in  the  Jonmal. 

On  the  second  day  of  the  Ajmnal  Meeting,  and  the  following  daya, 
the  Seoretariea  are  to  correct,  on  a  copy  of  the  Jonmal,  the  list  of  papera 
which  have  been  read  on  that  day,  to  add  to  It  a  list  of  those  appointed 
to  be  read  on  the  next  day,  and  to  aend  this  oopv  of  the  Journal  as  early 
in  the  day  as  possible  to  tite  Printer,  who  ia  charged  with  printing  the 
same  before  8  k.u.  next  morning  in  the  Jonmal.  It  is  necassair  that  one 
of  the  Secretaries  of  each  Section  (generally  the  Beoorder)  ehonld  cM 
at  the  Printing  Office  and  rerise  the  proof  eaoh  erening. 

Hinatea  of  the  proceedings  of  eirary  Committee  are  to  be  entered  daily 
in  the  Minnte-Book,  which  t^onld  be  confirmed  at  the  next  meeting  of 
the  Committee. 

.  Inata  of  the  Beports  and  Memoirs  read  in  the  Sections  are  to  be  entered 
in  the  Minnte-Book  daily,  which,  with  all  Memoirt  and  Oopia  or  Ab§traeU 
of  Memoirg  fiunithed  by  Auihora,  are  to  be  forwarded,  at  the  oloie  of  the 
aeetional  Meetmgi,  to  the  Assistuit  Gl«neral  Secretary. 

The  Vice-Presidents  and  Secretaries  of  Sectiona  become  ex  officio 
temporary  Members  of  the  Q^neral  Committee  (mih  p.  zxix),  and  will 
retjeive,  on  application  to  the  Treasnrer  in  the  Beception  Boom,  Tickets 
entitling  them  to  attend  its  Meetings. 

TheCommittees  will  t^e  into  BOnaideiation  any  snggeBtions  which  may 
be  offered  by  their  Members  for  the  adyancement  of  Science.  They  are 
apeoially  reqnested  to  review  the  recommendations  adopted  at  preceding  ' 
Meetings,  as  published  in  the  volnmes  of  the  Association,  and  the  com- 
mnnioatdons  made  to  the  Sections  at  this  Meeting,  for  the  purposes  of 
selecting  definite  points  of  research  to  which  inaividoal  or  combined 
exertion  may  be  naefnlly  directed,  and  hrancbes  of  knowledge  on  the 
state  and  progress  of  which  Reports  are  wanted  ;  to  name  indiyidnals  or 
Committees  for  the  execntiou  of  anch  Reporta  or  researches  ;  and  to  state 
whether,  and  to  what  d^;ree,  these  objects  may  be  nsefnlly  advanced  by 
the  appropriation  of  the  fiinds  of  &e  Association,  hy  application  to 
Chivemment,  Philosophical  Institntions,  or  Local  Anthorities. 

In  case  of  appointment  of  Committees  for  special  objects  of  Science, 
it  ia  oxpedient  that  aU  liemherB  (^  tie  Committee  ihouid  be  named,  and 
>  Theee  rolea  were  adopted  hj  the  G«iienl  Cloiiiiiiitt«a,  Plymautb,  ).BT7. 
*  This  and  the  following  sentence  weie  added  'by  the  Oeneral  Cotnmittee,  Bdla- 
bnigb,  18T1. 
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OM  of  them,  aj^oinled  to  act  as  Chairman,  who  ihaU  have  not^d  par- 
nnaliy  or  in  writing  hia  vnlliiigness  to  accept  the  office,  the  Chairman  to  have 
the  retpona^ility  of  receiving  and  dielrarting  tlie  grani  (if  any  has  ieen  made) 
and  seewring  the  preierttation  of  the  B^ort  in  due  time;  and,  further,  it  ia 
expedient  that  one  of  the  mernbere  should  he  appointed  to  act  at  Secretary,  for 
eneuring  attenliort  to  bTuiness. 

That  it  is  desirable  that  the  number  of  Members  a/ppoinled  to  serve  on  a 
OommHtee  should  be  as  small  as  it  consittent  with  its  efficient  working. 

That  a  tabular  list  of  the  Committees  appointed  on  the  reoomTJiendatitM 
of  each  Section  should  be  sent  each  year  to  the  Recorders  of  the  several  Sec- 
tions, to  enable  th«m  to  fill  in  the  statement  whether  the  seeoral  Oommitlee* 
appointed  on  the  reeommendation  of  their  respective  SeeUow  had  presented 
Ihiir  reports. 

That  on  thepropotal  to  recommend  the  appovaimient  of  a  Committee  for  a 
special  ol^act  of  science  having  been  adopted  by  the  Sectional  OoTnmittee,  the 
number  of  Members  of  such  Committee  be  thenflxed,  hut  that  the  Members  to 
eerve  on  such  Committee  be  nominated  and  selected  by  the  Sectional  Com- 
mittee at  a  subsequent  meeting.' 

Gomioitteea  hare  power  to  add  to  their  number  persons  whose  asaist- 
anoe  the;  may  reqnire. 

The  recommendadonB  adopted  hj  the  GommitteeB  of  SectioDB  are  to 
be  registered  in  the  Forma  famiehed  to  their  Seoretaries,  and  one  Copy  of 
each  is  to  be  forwarded,  without  delay,  to  the  AsBiBtant  General  Secretary 
for  presentation  to  the  Committee  of  Recommendations.  Unlets  this  be 
donf,  the  Becommmdaliona  cannot  receive  the  sanction  of  the  Aisodation. 

li.B. — Recommendations  whioh  may  originate  in  any  one  of  the  Sections 
most  firtt  be  tanelioned  bt/  the  Committee  of  thai  Section  before  they  can 
be  referred  to  the  Committee  of  Recommendations  or  confirmed  by  tiie 
Qeneral  Committee. 


l^oticea  rega/rclm^  Grants  of  Money,* 

1.  Jfo  Committee  aball  raise  money  in  the  name  or  ander  the  anspices  of 
the  British  Association  without  special  permission  from  the  General 
Committee  to  do  so ;  and  no  money  so  raised  shall  be  expended 
except  in  accordance  with  the  Rolea  of  the  Association. 
'  2.  In  grants  of  m.oney  to  Committees  the  Association  does  not  contem- 
plate the  payment  of  personal  expensea  to  the  Members. 

3.  Committeea  to  which  giants  of  money  are  entrusted  by  the  Asaooiation 
for  the  proaecntion  of  partionlar  Rflaearches  in  Science  are  ap- 
pointed for  one  year  only.  If  the  work  of  a  Committee  cannot  be 
completed  in  the  year,  and  if  the  Sectional  Committee  desire  the 
work  to  be  continned,  application  for  the  reappointment  of  the 
Committee  for  another  year  must  be  made  at  the  next  meeting  of 
the  Association. 
4.  Each  Committee  is  required  to  present  a  Report,  whether  final  or  in- 
terim, at  the  next  meeting  of  the  Aasooiation  after  their  appoint- 
ment or  reappointment.  Interim  Reports  mast  be  submitted  in 
writing,  though  not  neoessarily  for  publioation. 
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5.  In  e&oh  Coromitt«s  the  Ghaimun  is  the  only  person  entitled  to 

call  on  the  Traasnrer,  Professor  O.  Cftrey  Foster;  P.E.B.,  fgr 
SQch  portion  of  the  sums  granted  aa  ma;  irom  time  to  time  be 
required. 

6.  Oianta  of  mon^  sanctioned  at  a  meeting  of  the  Asaooiation  expire  on 

Jnne  30  fbUowing.  The  TreEbsnrer  is  not  authorised  after  that 
date  to  allow  anj  olums  on  aocx>ant  of  Bnoh  giants. 

7.  The  Chairman  of  a  Committee  most,  before  the  meeting  of  the  Asso- 

ciation next  following  after  the  appointment  or  reappointment  of 
the  Committee,  forwtud  to  the  Trrasnrer  a  statement  of  the  sams 
which  have  been  received  and  expended,  with  vonchen.  The 
Chairman  most  also  ratnm  the  balance  of  the  gtvnt,  if  any,  which 
has  been  received  and  not  spent ;  or,  if  further  expenditure  is  con- 
templated, he  mnst  apply  for  leave  to  retain  the  balance. 
6.  When  application  is  made  for  a  Committee  to  be  reappointed,  and  to 
retain  the  balance  of  a  former  grant  which  is  in  the  hands  of  the 
GhairmaD,  and  also  to  receive  a  further  grant,  the  amount  of  such 
farther  grant  is  to  be  estimated  as  being  additional  to,  and  not 
inclusive  of,  the  balance  proposed  to  be  retained, 

9.  The  Committees  of  the  Sections  shall  ascertain  whether  a  Beport  baa 

been  made  by  every  Committee  appointed  at  the  previous  Meeting 
to  whom  a  sum  of  money  has  been  granted,  and  shall  report  to  the 
Committee  of  Becommendattons  in  every  case  where  no  suoh 
report  has  been  received. 

10.  Hembera  and  Committees  who  may  be  entrusted  with  sums  of  money 

for  collecting  specimens  of  any  description  are  requested  to  re- 
serve the  specimens  so  obtained  to  be  dealt  with  by  authority  of 
the  Council. 

11.  Committees  are  requested  to  furnish  a  list  of  any  apparatus  which 

mar  have  been  purchased  out  of  a  grant  made  by  the  Association, 
and  to  state  whether  tJie  apparatus  will  be  usefat  for  oontinuing 
the  researoh  in  qneetaon,  or  for  other  scientific  purposes. 

12.  All  Inatrnments,  Papers,  Drawings,  and  other  property  of  the  Aeso- 

oatdon  are  to  be  deposited  at  the  Office  of  the  Assooiation  when 
not  employed  in  scientifio  inquiries  for  the  Association. 


BuHneea  of  the  SecHona, 

The  Meetioff  Boom  of  each  Section  is  opened  for  conversation  shortly 
before  the  meetmg  commences.  The  SeaUon  Boomi  and  approaohea  thenta 
ctm  be  uied  for  no  noHeei,  exkihtiitms,  or  other  pwrpotea  (Aon  thoie  of  the 
AMfoeiation. 

At  the  time  appointed  the  Chair  will  be  taken,'  and  the  reading  of 
oommnnioationa,  in  the  order  previously  made  public,  commenced. 

Sections  may,  by  the  desire  of  the  Committms,  divide  themselves  into 
D^nrboants,  as  often  as  the  number  and  nature  of  the  communicationo 
dekrered  in  may  render  such  divisions  desirable. 

'  The  OrganlaiDg  Committee  of  a  Section  is  empowered  to  ariEmge  the  houn 
of  maedng  at  the  Section  and  of  the  Sectional  Committeei  except  for  Baturdav. 
1900.  b       , 


A  B^mrt  piesented  to  tiie  ABaocdadon,  and  read  to  tlie  Section  wfaioli 
originally  called  for  it,  may  be  read  in  another  Section,  at  the  request  oj 
the  Officers  of  that  Section,  with  the  conient  of  the  Author. 


DtUiea  of  the  Doorkeepers. 

1.  To  remain  constantly  at  the  Doors  of  the  Booms  to  which  they  are 

appointed  daring  the  whole  time  for  which  thej  are  engaged. 

2.  To  require  of  every  penon  desirous  of  entering  the  Rooms  the  ex- 

hibition of  a  Member's,  Associate's,  or  Lady's  Ticket,  or  Beporter'a 
Ticket,  signed  by  the  Treasorer,  or  a  Speinal  Ticket  signed  bj  tibo 
Assistant  Qeneral  Secretary. 
8.  Persons  unprovided  with  any  of  these  Tickets  can  only  be  admitted 
to  any  particular  Room  by  order  of  the  Secretary  in  that  Boom. 

Ko  person  is  exempt  from  these  Bales,  except  those  Officen  of  the 
Association  whose  names  are  printed  in  the  Programme,  p.  1. 

Duties  of  tke  Messengers. 

To  remsin  constantly  at  the  Booms  to  which  they  are  appointed  dur- 
ing the  whole  time  for  which  they  are  engaged,  except  when  employed  on 
moBsages  by  one  of  the  Officers  directing  these  Booms. 

Committee  of  BecoTrvmendatioTia. 

The  General  Committee  shall  appoint  at  each  Mee&ig  a  Committee, 
which  shall  receive  and  consider  the  Becommendations  of  the  Sectional 
Committees,  and  report  to  tlie  Geneial  Committee  the  measures  which 
they  would  advise  to  be  adopted  for  the  advancement  of  Science. 

The  ex  o^eio  members  of  the  Committee  of  Becommendations  are  the 
President  and  Vice-Presidente  of  the  Meeting,  the  Oeneral  and  Assistant- 
General  Secretaries,  the  General  Treasurer,  the  Trustees,  and  the  Presidents 
of  the  Association  in  former  years. 

All  Becommendationa  of  Orante  of  Muney,  Beqaeste  for  Special  Re- 
searches, and  Beports  on  Scientific  Subjects  shall  be  submitted  to  the 
Committee  of  Beoommendations,  and  not  taken  into  consideration  hj  the 
General  Committee  unless  previously  recommended  by  (he  Committee  of 
Becommendations . 

All  proposals  for  establishing  new  Sections,  or  altering  the  titloe  of 
Sections,  or  for  any  other  change  in  the  constitutional  forms  and  funda- 
mental rules  of  the  Association,  shall  be  retbired  to  the  Committee  of 
Recommendations  for  a  report.' 

If  the  Freeident  of  a  Section  is  unable  to  attend  a  meeting  of  the 
Committee  of  Becommendations,  the  Sectional  Committee  aliall  be 
authorised  to  appoint  a  Vice- President,  or,  &iling  a  Yioe-Presidnit, 
some  other  member  of  the  Committee,  to  attend  in  hia  place,  doe  notioe 
of  the  appointment  being  sent  to  the  Assittent  General  Beoretaty.* 
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Correapondrng  Sooietua} 

1.  Any  Socie^  is  eligible  to  be  plitoed  on  the  liat  ai  Correaponding 
Societiefi  of  the  Asaociation  wbicb  undertakes  local  scioitiED  investiga- 
tions,  and  pablisbea  notioes  of  the  resnlts. 

2.  Application  may  be  made  bj  any  Society  to  be  placed  on  the 
List  of  Coireeponding  Societies.  Applications  must  be  addressed  to  the 
Assistant  Qeneral  Secretary  on  or  before  the  Ist  of  Jnne  preceding  the 
Annnul  Meeting  at  which  it  is  intended  they  should  be  considered,  and 
most  be  acoompanied  by  apecimena  of  the  pablicationa  of  the  resnlts  of 
the  local  soientiEc  investiMttiona  recently  undertaken  by  the  Society. 

3.  A  Corresponding  Societies  Committee  shall  be  annually  nomi- 
nated by  the  Conncil  and  appointed  by  the  General  Committee  for  the 
purpose  of  considering  theae  applicationa,  as  well  as  for  that  of  keeping 
themselves  generally  informed  of  the  aunnal  work  of  the  Corresponding 
Societies,  and  of  saperintendiog  the  prepuation  of  a  list  of  the  papers 
poblished  by  them.  Thia  Committee  ehaJI  moke  an  annnal  report  to  the 
General  Committee,  and  shall  suggest  anch  additions  or  changea  in  the 
Liat  of  Corresponding  Societies  as  they  may  think  desirable. 

4.  Every  Corresponding  Sooietyshall  retnmeaoh  year,  on  or  before  the 
Ist  of  Jnne,  to  the  Assistant  General  Secretary  of  the  Aaaociation,  a 
schednle,  properly  filled  up,  which  will  be  issned  by  him,  and  which  will 
contain  a  reqnest  for  snch  partionlars  with  regard  to  the  Society  as  may 
be  required  for  the  information  of  the  Corresponding  Societies  Committee. 

5.  There  shall  be  inserted  in  the  Anneal  Beport  of  the  Association 
a  liat,  in  an  abbreviated  form,  of  the  papers  published  by  the  Corre- 
sponding Societies  during  the  past  twelve  months  which  contain  the 
resnlta  of  the  local  scientific  work  conducted  by  them  ;  those  papers  only 
being  inclnded  which  refer  to  subjects  coming  under  the  cognisance  oi 
one  or  other  of  the  various  Sections  of  the  Association. 

6.  A  Corresponding  Society  shall  have  the  right  to  nominate  any 
one  of  its  memliers,  who  is  also  a  Member  of  the  Aaaociation,  aa  its  dele- 
gate  to  the  Annnal  Meeting  of  the  Association,  who  afaall  be  for  the  time 
a  Member  of  the  General  Committee. 

Confcre'nce  o/Deletfules  of  Gorrespoiiding  tiocietini. 

7.  The  Conference  of  Delegates  of  Corresponding  Societies  !s  em- 
powertNl  to  send  recommendationi  to  the  Committee  of  Beoommeo- 
datioDS  for  their  consideration,  and  for  report  to  the  Geneiul  Committee. 

S.  The  Delegates  of  the  various  Corresponding  Societies  shall  con- 
sUtate  a  Conference,  of  which  the  Chairman,  Yice-Chairmen,  and  Secre- 
taries shall  be  annually  nominated  by  the  Council,  and  appointed  by  the 
General  Committee,  and  of  which  the  members  of  the  Corresponding 
Societies  Committee  shall  be  ex  qgicio  membera. 

9.  The  Conference  of  Delegates  shall  be  summoned  by  the  Secretaries 
to  hold  one  or  more  meetings  daring  each  Annnal  Meeting  of  the  Associa- 
thm,  a.nd  shall  be  empowered  to  invite  any  Member  or  Associate  to  take 
part  in  the  meetings, 

10.  The  Secretariea  of  each  Section  sliall  be  inatructed  to  transmit  to 


<  Faued  by  the  General  Committee,  IbHi.  , 
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ih«  Seoretariee  of  the  Gon&rence  of  Deleeatee  oopiea  of  anv  reoommeii- 
d&tions  forwarded  by  the  Presidents  of  Soctions  to  the  Committee  of 
Beoommeudations  bearing  upon  matters  in  which  the  oo-operatioii  of 
Corresponding  Societaes  is  desired  ;  and  the  Seoretariee  of  the  Conierence 
of  Delegates  shall  invite  the  anthors  of  these  reoommendationg  to  attend 
the  meetings  of  the  Conference  and  give  verbal  explanations  of  their 
objecta  and  of  the  precise  way  in  which  they  woald  desire  to  have  them 
carried  into  effect. 

11.  It  will  be  the  dnfy  of  the  Delegates  to  make  tbemselres  familiar 
with  the  purport  of  the  several  recommendatioos  brought  before  the  Confer- 
ence, in  order  that  they  and  others  who  take  part  in  the  meetings  may  be 
able  to  bring  those  recommend ationa  clearly  and  favourably  before  their 
respective  Socneties.  The  Conference  may  also  discuss  propositions  bear- 
ing on  the  promotdon  of  more  systematic  obaervation  and  plans  of  oper&. 
tion,  and  ot  greater  nniformity  in  the  mode  of  publishing  resolts. 

Local  Committees, 

Local  Committees  shaU  he  formed  by  the  Officers  of  the  Afisociation 
to  asBiat  in  making  arrutgements  for  the  Meetings. 

Local  Committees  ah^l  have  the  power  of  adding  to  their  nnmbers 
thoee  Hembers  of  the  Association  whose  assistance  they  may  desire. 

Offi/s^a. 

A  President,  two  or  more  Tice-PresidentB,  one  or  more  Secretaries, 
and  a  Treasarer  shall  be  annually  appointed  by  the  General  Committee. 

Council. 

In  the  intervals  of  the  Meetings,  the  afTaire  of  the  Association  shall 
be  managed  by  a  Council  appointed  by  the  General  Committee.  The 
Cooncil  may  also  assemble  for  the  despatch  of  business  during  the  weeV 
of  the  Ueeting. 

(1)  The  Coimoil  shall  consist  of ' 

1.  The  Trustees. 

2.  The  past  Presidenta. 

3.  The  President  and  Vice-Presidents  for  the  time  being. 

4.  The  President  and  Vice-Presidents  elect. 

fi.  The  j>ast  and  present  General  Treasnrers,   General  and 
Assistant  General  Secretaries. 

6.  The    Local   Treasurer   and  Secretaries  for   the   ensuing 

Meeting 

7.  Ordinary  Members. 

(2)  The  Ordinary  Members  shall  be  elected   annually  trom    tlte 

General  Committee. 

*  Passed  by  the  Qeneral  Committeo  at  Bel&st,  1874. 
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(3)  There  shall  be  not  more  than  twenty-five  Ordinaiy  Uemban,  of 

whom  not  more  than  twenty  shall  have  served  on  the  Council, 
as  Ordinary  Membera,  in  the  previons  year. 

(4)  In  order  to  oarry  out  the  foregoing  role,  the  following  Ordinary 

Members  of  the  outgoing  Conncil  Hhall  at  each  annnal  eleotioii 
be  ineligible  for  nomination : — lat,  those  who  have  served  on 
the  Conncil  for  the  greatest  nnmber  of  consecutive  years ;  and, 
2nd,  those  who,  being  resident  in  or  near  London,  have 
attended  the  fewest  nnmber  of  Ueetings  during  the  year 
— observing  (as  nearly  as  passible)  the  proportion  of  three  by 
seniority  to  two  by  least  attendance. 

(5)  The  Council  shall  submit  to  the  General   Committee  in  their 

Annnal  Report  the  names  of  the  Members  of  the  General 
Committee  whom  they  recommend  for  election  as  Members  of 
Conncil. 


Pa'pera  and  Communicaticns. 

The  Anther  of  any  paper  or  commosicatios  shall  be  at  liberty  t 
reserve  his  right  of  properly  therein. 


The  Accounts  of  the  Association  shall  be  audited  annually,  by  Auditon 
appointed  by  the  General  Committee. 
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TRUSTEES  AND  GENERAL  OFFICERS,  1831—3901. 


1S3Z-70  (Sir)  B.  I.  Mubgbibon  (Bart.), 

F.B.S. 
1832-62  JoBM  Tatlob,  Esq.,  F.H.S. 
1832-39  C.  Babbaos,  Esq.,  F.B.8. 
1839-41  F.  BAILT,  Esq.,  F.K.S. 
1844-68  Rev.  Q.  Pbacoce,  F.R.S. 
1868-82  General  E.  BABlNE,  F.RS. 
1B62-81  8ir  P.  Eokbtob,  Bart.,  t.RS. 


1S72       SitJ.LUBBOCK.Bart.  (now  Lord 

AVBBUET),  F-RS. 
18bl-83  W.  Spottibwoodb,  Esq.,  Prea. 

R.S. 
1883  Lord  RatlbIOH,  F.B.S. 

1S83-98  Sir  Lyon  (now  Lord)  Pi^YFAIB, 

J898        Prof.  A.'W.  BecKBB,  T.ILS. 


OENEBAL    TBBASUBEBS. 

1831        JONATHAN  GBAY.Esq.  ,  1874-91  Ptof.  A.  W.  Williamson, F.B.a. 

1832-62  John  Taylob,  Esq ,  F.B.8.  1B91-S8  Prof.  A.  W.  BOckEk,  F.R.S. 

1862-74  W.  SPOTTUWOODE,  Esq.,  F.R  S.   I  1898        Piof.  G.  C.  POSTBR,  F.R.B. 


QENEltAL    SECRETARIES. 


1837-39 
1839-46 


1852-63 
1663-69 
1859-61 
1861-62 
1862-63 

1863-65 


1832 


S  BeV.   W.   VbbKON    aABCOUXT, 

&.B.B. 

fl  Bev.    W.   VBBtlOJi    HABCOUBT, 

l''.R.B.,  and  t*.  BaiLY,  Esq., 

K.B.8. 
7  Bev.   W.   Vbbkon   Habooifbt, 

if.ttS..  and  R.  t.  UcbCHIBOK, 

Esq.,  F.B.S. 
B.  i.  MCBCBtSOH,  Esq.,  F.B.B., 

and  Bev.  G.  Peacock,  P.B.8. 
Sir   B.   i.   MVBCHisoN,   F.B.S., 

and  Mnjor  E.  Sabihb,  F.B.8. 
Lieut.-ColoDcIE.8ABlNH,F.R.S. 
General  E.  Sabin£,  F.B.fi.,  and 

J.  F.  ROYLE,  Esq.,  F.E,8. 
J.  F.  BOTLB,  Esq.,  F.B.S. 
Genetol  E.  8ABINB,  F.R.S. 

Prot.  E.  Walker,  F.B.S. 
W.  Hopkins,  Esq,,  F.R.S. 
W.  Hopkins,  Esq.,  r.B.B.,  and 

Prof.  J.  PiuLLiPB,  F.R.8. 
W.  Hopkins,  Esq.,  F.B.S.,  and 

F.  Galtox,  Esq.,  F.B.B. 
V.  Galtok,  Esq.,  F.B.S. 


1868-71 
1871-72 
1872-76 
1876-81 

1881-83 


F.  Galtob,  Esq.,  F.B.8.,  a!i4 

Dr.  T.  A.  EtBBT.  f.B.S. 
Dr.  T.  A.  HiBBT.  F.B.8.,  and  Df. 

T.  Troj(«OK,  F,R.S. 
Dr.T.  THO»iBON,F.RB.,andCaiit. 

PoroLAs  Galion.  F.B.S. 
Capi.  D.  Galtob,  F.B.3..  sM 

Dr.  Michael  Fostbb,  F.B.S. 
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Prof.  W.  E.  Ayrton,  Dr,  0.  J.  Lodge, 

D.  MacAUner,  Bev.  W.  Routh. 
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Wooldridge. 


SBCTION  D  {continued). — ZOOLOGT  and  BOTANT,  INCLnDINQ  PBTaiOLOOr. 


1861.  Ipswich   . 
1863.  Belfast.... 


1848.  Swansea  ...|L.  W.  DillwTU,  F.B.S jDr.B.  WiIbIahamFalooDer,A.Hen- 
|  frey,  Dr.  Lankester. 

]S49.Birmingham.WUliam  Spenoe,  F.B.8 JDr.  Lankeater,  Di.  Busselt. 

1.  Edinburgh  '  Prof .  Goodsir,  F.B.8,  L.*E.  i  Prof.  J.  H.  Bennett,  M.D.,  Dr.  I«ii- 

'     kester.  Dr.  Douglas  Maolagan. 
Rev.   Prof.   Henslow,   M.A.,  '  Prof .  Allman,  F.  W.  Johnalon,  Dt.  B. 
F.R,S.  Lankesler. 

W.  Ogilby Dr.  Dickie,  George  C.  Hyndmani  Dr. 

Edwin  Lankeater. 
C.  C.  BabingtoD,  M.A.,  F.B.S.  Bobert  Harrison,  Dr.  E.  I^uketUr. 
Prof.  Balfour,  M.D.,  F.E.8...,|Isaflc  Byerley,  Dr.  E.  Lankester. 
Bev.  Dr.  Fleeming:,  F.E.S.E.  |  William  Keddie,  Dr.  Lanktwter. 
Thomas  Bell,  F.R.ij.,  Pres.L.8.  Dr.  J.  Abenjrombie,  Prof.  Bneknan, 

Dr.  Lankester. 
Prof.   W.   H.   Harvey,  M.D.,|Prof.J.B.Kinaban,Dr.S.I*nkertw, 
F.R.6.  I     Bobert  Patterson,Dr.W.E.St«ele. 

e  mode  a  Mpuate  Cominittee, 


1863.  Hull 

1HG4.  Liverpool... 
1865.  Glasgow  ... 
1868.  Oheltenham 

1867.  DnbUn 


PBBBIomTS  AHD  BECRBTABIBS  OF  THE  8B0TI0HS, 


Dat«  and  Plaoe 


Fresldents 


Secretaries 


ItSS.  htoia  C.  C  BabingWn,  M Jl,  F.B.8.  Sonrf  Dermj,  Dr.  Heaton,  Dr.  E. 

'  Lankester,  Dr.  B.Perce  vol  Wright. 

1UI9.  Aberdeeii,„lSiTW.7ar<lIne,Bart.,F.B.8.G.  Prof. Dickie,  U.D.,  Dr.  ^-Lankaster, 

1  I     Dr.  Ogilvy. 

ISSa  Oxford BoT.  Pro*.  Henslow,  F.L.8..,.  W.  8.  Cborch,  Dr.  B.  Lankester,  P, 

'  I     L.Sclater,  Dr.  B.Perceval  Wright. 

IMI.  UabcheBter ' Plot.  C.  C.  Babington,  F.B.S.  Dr.  T.  Alcock,  Dr.  E.  I«nkeater,  Dr. 
P.  h.  Sclater,  Dr.  E.  P.  Wright, 

JS62.  Cnmbridge    Prof.  Hiiilpy,  F.R.S ^     ^  - 

1M3.  IfewcBStle     Prof.  Balfour,  M.D.,  F.It.S... 

1SS4.  Bath Dr.  John  B.  Graj',  F.II.S.    .. 

I     Steinton,  Dr.  E.  P.  Wrieht. 

18*6.  fiirmihg-'T.  ThoBiion,  M.D.,F.B.S.   ...iDr.  J.  AnlhDny.HeT.C.Chirke, 

ham  'I  1     H.  B.  Trijtrftm,  Dr.  E.  P.  Wr 


BEcnoir  D  {amiinKed). — biologt. 


1866.  Kottlngham , 

18ST.  Dundee    ... 
188S.  Fortrich  ...i 

1BB9.  Exet«r 


IBtS.  Bradford  ... 


Prof.  Huilej,  F.It.S.— 
a/  Phyiiol,  Prof.  Humphry, 
F.R.S.— iVjJ.  ff  Aitthrapol., 
A.  R.  Wallace. 

Prof.  Sharper,  M.D.,  Sec.  R.S. 
— Dep.  of  Zoel.  and  Bat., 
Oeorge  Buak,  M.D.,  F.R.S. 

Eev.  U.  J.  Berkeley,  F.L.S. 
—Dff.  of  Phyhology,  W. 
H.  Flower,  F.R.S. 

Qeo^e  Bnsk,  F.B.8,  F.L.8. 
— Dfp.  ^  Bat.  and  Zool., 
C.  Spence  Bate,  F.RS,— 
Dep.ofEtkna.,  E.  B.Tylor. 

pTof.G.BoHe3ton,M.A.,M.D., 

F.B.S..    F.L.S Di^.    of 

Anat.  and  PhytioUViotM. 
Foster,  M.D.,  F.L.S.— TJiy. 
of  EthHo.,  J.  Evans,  F.R.S. 

Prof.  Allen  ThomeoQ,  M.D., 
F.H.S.— .ft^.  (jf  Bot.  and 
ifaot.PiDf .  Wyville  Thomson , 
F.R.S.— Dr^.  qf  AnlAropol., 
Prof.  W.  Tumor,  M.D, 

Bir  J.  Lubbock,  Bart.,F.R.8.— 
Bep.  of  Avat.  and  Pkgiiol., 
Dr.  Bnrdon  Sanderson, 
F.B.S. — Dep.  qf  Anthropal., 
Col.  A.  Lane  Fox,  F.Q.R, 

Prof.  AUman,  F.KS.—Bep.  of 
Atiia.andPltyHel.,Prof.R' 
theTtoTi,TS.D.—jiep.ofAi 
tknfol.,  Dr.  Beddoe,  F.R.: 


Dr.  J.  Bcddard,  W.  Felkin,  Rev.  H. 
B.  TriBtram,  W.  Turner,  B,  B. 
Tylor,  Dr.  E.  P.  Wright. 

C.  Bpeace  Bate,  Dr.  8.  Cobbold,  Dr. 

M.  Foster,  H.  T,  Stainton,  Ber. 

H.  B.  Tristram,  Prof.  W.  Turner. 
Dr.  T.  8.  Cobbold,  G.  W.  Firth,  Dr. 

M.  Foster,  Prof.  Lawson,  H.  T . 

Stalaton,  Rev.  Dr.  H.  B.  Tristram, 

Dr.  E.  P.  Weight. 
Dr.  t.  S.  Cobbold,  Prof.  M.  Foster, 

B.  Ray  Lankestcr,  Prof.  Lawson, 
H.  T.  Stainton,  Rev.  H.  B.  Tris- 

Dr.  T.  8.  Cobbold,  Sebastian  Evans, 
Prof.  Lawson,  Thos.  J.  Moore,  H. 
T.  Stainton,  Rev.  H.  B.  TriBtram, 

C.  Stanlland  Wake,  K.  Ray  Lan- 
kcater. 

Dr.  T.  R.  Fraser,  Dr.  Arthur  Gamgee, 
E.  Ray  Lankcster,  Prof.  Lawson, 
H.  T.  Stainton, C.  8taniland  Wake, 
Dr.  W.  Rutherford,  Dr.  Kelbnme 
King. 

Prof.  Thlselton-Dyer,  H,  T.  Stanton, 
Prof.  LawflOQ,  F.  W.  Rndler,  J.  H. 
Lamprey,  Dr.  Gamgee,  E.  Bay 
Lankester,  Dr.  Pye- Smith. 

Prof.  Thlselton-Dyer,  Prof,  lawaon. 
R.  M'Lachlan,  Dr.  Pye-Smitb,  E 
Bay  Idnkcater,  F.  W.  Bndler,  J 
H.  Lamprey. 


'  ThB  title  of  Section  D  iras  obanged  to  Biology. 


V,  Google 


Date  and  Place 


throp.,SiT  W.ILWiiae,  M.D. 

P.  L.  Solater,  P.B.S.— i)»p.  q/" 
Anat.  and  Phtjliet,  Prof, 
Clsland,  F.R.S.— O^i.  qf 
J  »«i.,Prof.Bolle8tOD,P.R.a. 

A,  Riissel  Wallace,  F.L.B.— 
Dtp.  of  Zool.  and  Sot., 
Plot.  A.  Newton,  F.R.S.— 
Sep.  vf  Anat.  aaid  P&ptioL, 
Dr.  J.  Q.  McKendrick. 

J.  Qwyn  Jeffreys,  F.R.S.— 
JMp.  of  Anat.  and  Pkyticl, 
Prof.  MacaliBtsr. — Bep.  of 
jlii<ATOpot,F.QalMin,F,a.h. 

Prof.  W.  H.  Flower,  F.R.8,— 
Dtp.  of  Anthn^oL,  Prof. 
Huiley,  Sec  R.^.—Drp. 
ef  Anat.  and  Phyiiol.,  K. 
McDonnell,  M.D.,  F.H.8. 

Prof.  St.  George  Mivart, 
F.R.8.— Dap.  ofAntkr^el., 
E.  B.  Tylor,  D.C.L.,  F.B.8. 
— Bep.  of  Anat.  and  Phy- 
lioL,  Dr.  Pye- Smith. 

A.C.  L.  Oiinther,  F.B,  R.—Bep. 
of  Anat.  <(■  Phyiiol.,  F.  M. 
Balfour,  F.R.S.— i^.  of 
AntArepel.,  F.  W.  Rudler. 

R.  Owen,  F.H.8.— aip.o/An- 
thropol..  Prof.  W.H.  Flower, 
F.R.B.— JJep.  afAna.t.aatd 
Phyiiol.,  Prof.  J.  8.  Burdon 
Sanderson,  F.R.S. 

Prof.  A.  Qamgee,  M.D.,  F.R.S. 
—  Dep.  of  J^l.  and  Bot., 
Prof.  M.  A.  LawtOD,  F.L.8. 
— Deji.ef  inthropol..  Prof. 
W.  Boyd  Davfkins.  F.R.S. 

Prof.  S.  Kaj  Lankester,  M.A., 
Y.B..%.~Dep.  of  Anthropol.. 


1.  Montreal  ... 
).  Aberdeen... 

S.  Binningbam 

r.  Manohester 


F.R.S. 


Prof.   H.  N.   Moaelej,  M.A. 

Pioi  W.  C.  M'IntoBh.  M.D., 
LL.D.,  P.B.S.  r.R.S.B. 


W.  T.  Thiselton-Dyer,  R.  O.  Conning- 

ham.  Dr.  J.  J.  Charles,  Dr.  P.  H. 

P7e-Bmjth,  J.  J.  Murphy,  F.  W. 

Rudler. 
E.  E.  Alston,  Dr.  HcKendriok,  Prof. 

W.  H.  M'Nab,  Dr.  Martyn,  F.  W. 

Bndler,  Dr.  P.  H.  Pyo-Smith,  Dr. 

W.  Spencer. 
B.    B.    AlBton,   Hyde   Clarke,   Dr. 

Knox,  Prof.   W.   B.   M'Nab,  Dr. 

Mnirhcad,  Prof.   Morrison   Wat* 


E.  B.  Alston,  F.  Brent,  Dr.  P.  J. 

Cnnningham,  Dr.  C.  A.  BlngBtoD, 

Prof.  W.  R.  M'Kab,  J.  B.  Rowe, 

F.  W.  Rndler. 
Dr.  R.  J.  Harvey,  Dr.  T.  Hayden, 

Prof.  W.  B.  M'Nab,  Prof.  J.  M. 

Parser,  J.  B .  Rowe,  F.  W.  Rudler. 


Arthnr  Jackson,  Prof.  W.  B.  M'Kab, 
J.  B.  Bowe,  F.  W.  Bndler,  Prof. 

SchSfer. 


F.  W.  Bloiam,  John  Priestley, 
Howard   Saonders,  Adam   Sedg- 

O.  W.  Blozam,  W.  A.  Forbes,  Rev, 
W.  C.  Hey,  Prof.  W.  E.  M'Nab, 
W.  North,  John  Priestley,  Howard 
Saunders,  H.  E.  Spencer. 

G.  W.  Bloxam,  W.  Heape,  J.  B. 
Nias,  Howard  Saunders,  A.  Sedg- 
wick, T.  W.  Shore,  jun. 


W.   Blozam,  Dr.  G.  J.  Haalam, 

W,  Heape,  W.  Hutst,  Prof.  A.  M. 

Uarshall,  Howard  Saundara,  Dr. 

Q.  A.  Woods. 
Prof.  W.  Osier,  Howard  Saunders,  A. 

Sedgwick,  Prof.  B.  B.  Wright, 
W.  Heape,  J.  McOregur-Bobertson, 

J.    Duncan    Matthews,   Howard 

Saunders,  H.  Marshall  Ward. 
Prof.  T.  W.  Bridge,  W.  He^w,  Prof. 

W.  Hillhouse.  W.  L.  Solatw,  Prof. 

H.  Marshall  Word. 
C.  Bailey,  F.  B.  Beddard,  8.  F.  Har. 


'  Antbropolc^  was  made  a  separate  Section,  see  p.  Izviii. 


,glc 


FBBSIDBNIS  and  SEOfiEIABliS   07  THB  BEOIIOfia. 


Date  and  Flacfl 


SecretMies 


1888.  Bath ^ 

1S8S.  Newcastle - 
jipoa-Tyae 

1890.  Leeds  

1891.  Caidia 

1893.  Sdiuburgh 
189S.Nottliigham> 


Prof.  W.   Rutherford,   M.D., 

F.RS.,  F.B.8.B. 
Bev.  Canon  B.  S.  TriatrEim, 

H.A.,  LL.D.,  F.R.S. 


V.  E.  Beddud,  S.  F.  Harmer,  Prof. 
H.  HarahiJl  Ward,  W.  Oaidiner, 
Prof.  W.  D.  HaDibnTton. 

C.  Bailey,  F.  E,  Beddard,  8.  P.  Har- 

mer.  Prof.  T.  OUver.  Prof.  H.  Mar- 

BhallWard. 
8,  F.  Hanner,  Prof.  W.  A.  Hetdmaa, 

8.  J.  EicksoD,  F.  W.  Oliver,  H. 

WaRer,  H.  Marshall  Ward. 

F,  E.  Beddaid.Prof.W.A.  Heidmati, 
Dr.  8.  J.  HicksoQ,  O.  Hurray.  Ficf. 
W.  N.  ParicBr,  H.  Wager. 

a.  Brook,  Prof.  W.  A.  Uerdman,  0. 

Murray,  W.  Stirling,  H.  Wager. 
a.  C.  Boome,  J.  B.  Farmer,  Prof. 

W.  A.   Herdman,  8.  J.  Eickeon, 

W.  B.  Banwm,  W.  L.  Sclater. 
W.  W.  fienham.  Prof.  J,  B.  Farmer, 

Prof.  W.  A.  Hetdman.  Fiof.  S.  J. 

Uickson,  G.  Uurray,  W.  L.  8olater. 
— ZOOLOOT. 

G,  C.  Bourne,  H.  Brown,  W.  K. 
Hojle,  W,  L.  Sclater, 

H.  O.  Foibea,  W.  Garatang,  W.  B. 

Hoyle. 
W.   Qarstang,   W.  E.  Eoyle,  Prof. 

S.  E.  Prince. 
Prot  R,  Boyoe,  W,   Garstsuig,  Dr. 

A.  J.  Harrison,  W.  E.  Hoyle. 
W.  OaiBtang,  J.  Qraham  Kerr. 
W.   Oarstang,   J.  Q.    Ken,   T.    H. 
I  I     Taylor,  Swale  Vinoent. 

ANATOMICAL  AND  PBTSIOLOGICAL   SCIENCES. 

COmUTTEB  0?  SCnNOEB,  T. — ^IKITOHT  AND  FETBIOLOOT. 


1896.  Ipawich  . 
1S96.  Liverpool. 
1887.  Toronto  . 
1898.  Bristol. ... 


BBonoir  D  (continwd). 
.  I  Prof.  W.  A.  Herdman,  F.B.S, ' 

.  Prof.  B.  B.  PonlUai,  F.B.S.  ...  | 

.!prof.L.C.MiaU,P.B.8 j 

.  PMf.W.  F.R.Weldon,F.B.S.' 


IBSS.  DabliD . 

1836.  Bristol 

1837.  Liverpool,. 

1838.  Newcastle 

1839.  Binniogham 
1810.  Glasgow 


BECnON  £   (DSTIL  1847). — ANATOUT  AND  UEDIOINB. 


Di.J.  0.  Prltchard  ., 

Dr.  P.  M.  Koget,  F.B.8 

Prof.  W.  Clark,  M.D 

T.  B.  Headlam,  U.D , 

John  Yelloly,  M.D.,  F.B.8... 
Janes  WabsoD,  M.D 


Dr.  Harrison,  Dr.  Hart. 

Dr.  Symonds. 

Dr.  J.  CaiBou,  jun.,  James  Longi 

Dr.  J.  B.  W.  Vose. 
T.  U.  Oieenbow,  Dr.  J.  B.  W.  Taae> 
Dr.  G.  0.  Bees,  F.  Bylond. 
Dr.J,BrowE,Prof.Conper,Prof.Beid. 


1841.  Fl7montb...|P.  M.  Boget,  M.D.,  Sea.  B.S. 

1843.  Uanchester  IBdward  Holme,  M.D.,  F.L.8. 

1818.  Cork Sir  James  Pitcum,  M.D.    ... 

1841.  York J.  C.  Pritcbard,  M.D 

UU.  Cambiidge  [Piof.  J.  Haviland,  M.D 


Dr.  J.   Butter,  J.  Foge,  Dr.  B.  B. 

8argent. 
Dr.  Ghaytor,  Dr.  E.  8.  Sargent. 
Dr.  John  Papham,  Dr.  B.  S.  Swrgent. 
I.  Erichsen,  Dr.  B.  8.  Sargeut. 
Dr.  B.  a.  Sargent,  Dr.  Webeter. 


,  V,  Google 


Date  utd  Place  Preiatdentj  I  Seoretviu 

1816.  Southamp-   i  Prof.  Owen,  U.p.,  F.B.S.    ... ,  C.  P.  Eeele,  Dr.  lAyoook,  Di.  B|ff< 

ton.  I     gont. 

IM7.  Oxford'  ...,FTof.  (^le,  M,D.,  F.B.B 'T.E.  Ctuunben,  W.  P.  Ormerod. 

PHISIOLOaiCAL  SUBSBCTIOBS  OF   BBOTIOH   D. 
1850.  Sdinburgh    Prof.  Bennett,  H.D.,F.B.S.E. 

1866.  QloBgot*  ...  Prof.  Allen  Thomson,  F.B.S.  iPiof.  J.  H.  Coibett,  Dr.  J.  StrutlieTa. 

1867.  Dublin Prof.  R.  HBniBon,  M.D Dr.  R.  D.  Lyons,  Prof,  Bedfem. 

1S6S.  Leeds  Bir  B.  Brodie,  But.,  F  Ji.S.      C.  O.  Whselbonse. 

1869.  Aberdeen...  Prof.  Shaipey,  M.D.,  iJecR-S.  Prof.  Bennett,  Piof.  Sedfom. 

1860.  Oxford Piof.Q,Eolle3ton,M.D.,F.L.8..Dr.R.M'DonQell.Dr.Edwaid8lliitli. 

1861.  HanchesUr  Dr.  John  Darr,  F.B.S.  L.  &  E. :  Dr.  W.  Boberta,  Dr.  Bdwud  Smlllu 

1862.  Cambridge  Q.  B.  Paget,  H.D iG.  F.  Helm,  Dr.  Bdward  Bmlth. 

1865.  Newcaatlo     Prof.  BoUeston,  M.D.,  F.B.S.|Dr.  D.  Emblaton,  Dr.  W.  TumAr. 
ISM.  Bath Dr.  Edward  Smith,  F.B.S.        J.  S.  Bartrom,  Dr.  W.  Turner. 

1866.  Birming-       Prof.  AcLacd,    H.D.,   LL.D.,  Dr.   A.    Fleming,    Dr.    P.    Healop 

bom.*         .     F.B.S.  OUver  Fembleton,  Dr.  W.  Tnnal 


GBOGRAPHIOAL  AND  ETHNOLOGICAL  80IBN0E8. 

[for  Presidents  and  Setiretaries  for  Geogm^j  ^evioua  to  1801,  aee  Section  0, 
p.Iv.] 

ETBNOLOOICAI.  SDBBEOTIOKS  OF  BBCTIOH   D. 

1846.Boutliampton|Dr.  J.  C.  Pritchard   ,Dr.  King. 

t8*7.0xford  Prof.  H.  H.  Wilson,  M.A.    ...  Prof.  Buckley. 

18*6.8wansea    ...I Q.  Grant  Franois. 

18*9.  Birmingham  I Dr.  B.a.  Latham. 

1860. Bdinbiu^    'Vice-Admiral  3ir  A. Malcolml Daniel  Wilson. 


SEOTION  E. — flBOQBAPHT  ABD  BTHHOLOOT. 

1811.  IpswicU    ...;Sir   B.  L  Morchison,  F.B.S.,'R.  Coll,  Bev.  J.  W.  Donaldion,Dr, 

I     Pres.  B.G.8.  I     Norton  Shaw. 

1862.  Belfast ,Col.   Chesuey,  B.A.,   D.C.L.,  B.  Cull,  B.  MacAdam,  Dr.  Nortoa 

1     F.B.S.  ,     Shaw. 

18S3.  Hull JB.G.  Latham,  U.D.,F.B.3.      B.   Cnll,  Bev.    H.  W.   Eenp,   to. 

I  Norton  Shaw. 

1861.  Llmpool...  Sit  B.  I.  Murchison,  D.C.L.,  Biohaid  Onll,  Bev.  H.  Ql^ina,  Dr. 

'     F.B.S.  Ihne,  Dr.  Norton  Shaw. 

185S.  Glasgow  ...  Sir    .T.    Biohardson,    M.D.,  Dr.  W.  G.  Blaokie,   B.  Cull,  Dr. 

■     F.B.8.  Norton  Sbaw. 

1866.  Ohelleobam  Col.   Sir    H.   C.    Bawllnson,  B.   Cull,  F.   D.    Hartlaud,   W.   H. 

K.C.R.  Rumsey,  Dr.  Norton  Shaw. 

1857.  Dublin |Eev.  Dr.  J.  Henthom  Todd,  U.   Cull,   S.   Ferguson,   Dr.   B.    R. 

I    Pre*.  B.LA.  |     Uaddon,  Dr.  Nortoa  Mhaw, 


■  By  direction  of  tiie  General  Committee  at  Oxford,  Sections  D  and  B  wera 
^corperated  under  the  name  of  ■  Section  D — Zoology  and  Botany,  iMalntfag  Hq^ 
Eiology '  'Hee  p.  ivill.).    Section  K>  baing  than  vacant,  was  assigned  in  1861  to 


Geography. 

»  IW<  note  on  pa^e  lix. 
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PBISIDBiraa  AND  BKBBTABIHS  OV  tSS  8KCTI0K8. 


Dktautdnaoe 


18S8,  l*BedB  

1B59.  Aberdeen,.. 

1860.  Oxford 

1861.  Uanetiettor 

1863.  Cunbridge 
1868.  Kevrtautle 

1864.  Soth... 

lUG.BinniiiKhaiii 
1H6.  Hottingham 


8iT  B.  L  Uotchiaon,  Q.O.St.B., 

F.B.S. 
Bear  -  Admiial     Sii    James 

Clerk  Boss,  D.C.L.,  F.a.8. 
Sir  R.  I.  Unrchison,  D.C.L. 

p.a.8. 

John  Crawfoid,  P.B.S 


Fnncis  QaltoD,  F.B.8 


I 

I  Sir  B.  I.  HurcbUoD,  E.C.B., 

I   p.a.s. 

SirK.  I.  Mnrchison,  K.C.B., 
I     F.B.S. 
HajoT-Qenerol  Sir  H.  Baw- 

llDion,  M.P.,K.C.B.,F.B.S. 
Sir  Charles  Nioholson,  Bart., 

LL.D. 


18GT.  Dnndee    ...  Sir  Samuel  Baker,  F.B.G.S. 
1808.  Horwicb  ...  C 


fi.  Coll,  V.  Oolton,  P.  O'Callaghfm, 

Dr.  Norton  Shaw,  T.  WrighL 

Bichwd  Coll,  Prof.  Oeddea,  Dr.  Nor- 
ton Sbaw. 

Cwt.  BorrowB,  Dr.  J.  Himt,  Dr,  0. 
Lempriire,  Dr.  Norton  Sbaw. 

Dt.  J.  Hunt,  J.  Eingslej,  Dr.  Not- 
ton  Shaw,  W.  SpoltUwoode.' 

J.  W.  Clarke,  Bev.  J.  Glover,  Dr.  Hunt. 
Dr.  Norton  Shaw,  T.  Wright. 

C.  Carter  Blake,  Home  Greenfield, 
C.  B.  Uarkhom,  B.  B.  Watson. 

E.  W.  Bates,  C.  B.  Uarkham,  Capt. 

B.  M.  Murohifion,  T.  Wright. 

H.   W.  Batea,  S.   Evans,  U.   Jabet, 

C.  E.  Markham,  Thomas  Wright. 
E.  Vf.  Bates,  licv.  E.  T.  Cusins,  B. 

H.  Major,  Clements  B.  Markham, 

D.  W.  Nash,  T.  Wright. 

H.  W.  Bates,  Cfiil  Oiaham,  C.  B. 
Markham,  S.J.Hackie,B.Stiirrock. 
T.  Baines,  H.  W.  Bates,  Clementa  B. 
Markham,  T.  Wri^L 


1869.  Exeter 

1870.  Liverpool.., 
1S71.  BdinbUgh 
1S73.  Brighton... 

1873.  Bradford... 

1874.  Belfast 

1875.  Bristol 


1876.  Qla^ow  ... 
ISrr.  Plymonth.,. 
1878.  Dablin 


1879. 

188a  Swansea 
ISSl.  York 


ISU.   HOBtNOl  .. 

1«WL  .^budMB.. 


swjriON  I  (eoniintud).—QEOOikVBT. 

Sir    Bartle    Frere,    E.C.B.flH.  W.  Bates, Clements B.Hsrkhami 

LL.D.,  F.B.G.8.  I     J.  H.  Thomas. 

SirB.I.Murchi9on,Bt.,K.C.B.,'H.W.Bates,  David  Buxton,  Albert  J 

LL.D.,D.C.L.,F.B.S.,F.0.8.|     Uott,  Clements  B.  Markham. 
Colonel  Yale,  C.B.,  P.B.O.S.  I  A.  Buchan,  A.  Keith  Johnston,  Cle- 
I     mentsB.  Uarkban.J.  H.  Thomas. 

Francis  Qaltoni  F.S.S H.  W.  Bates,  A.   Keith   Johnston, 

I     Bev.  J.  Newton,  J.  H.  TbomM. 
SirEutherfordiloook.K.C.B.'H.  W.  Bates,  A.  Keith  Johnston, 

I     Clements  R.  Markham. 
MMor  Wilson,   B.E.,  F.B.S.,'e.  O.  Bavenstein,  E.  C.  Bye,  J.  H. 

P.B.G.S.  I     Tliomaa. 

Lieot.  -  Oeneral     Stiachey.'H.    W.    Bates,    E.   C.   Bye,   P.   F. 
B.B.,C.B.I.,F.B.8.,F.B.G.S.      Tockett. 

Capt. Evans,  C.B.,  F.K.8 H.  W.  Bates,  E.  C. Kye,  E.O.Wood. 

.  Adm.  Bit  S.  Ommanney,  C.B.'U.  W.  Bates,  F.  B.  Fox,  K.  C.  Bye. 
.IProf.  Bir  C.  WyviUe  Thom-I John  Coles,  B.  C.  Bye. 
]     son,LL.D.,F.B.8..F.E8.K.i 
.  I  Clements  R.  Harkham,  C.B.,>H.  W.  BatcD,  C.  B.  D.  Bluck,  E.  C, 

P.E.S.,  Bee.  a.O.S.  '     Bye. 

.  Lient.-Gen.  tjir  J.  H.  Letroy, '  H.  W.  Batea,  E.  C.  Eye. 
I    C.B.,  K.C.M,0.,R.A„F.R,S.' 
.Mr  J.   D.   Hooker,  K.CS.I.,!  J.  W.  Barry,  H.W.  Bates. 
I     C.B.,  F.B-S. 

:  Sir  E.  Temple,  Bait.,  0.0.8.1., 
I     F.B.Q.B. 
Lient-Col.  H.   H.    Godwin- 

Anaten,  F.R.S. 
Qen.  Sir  J.  H.  Lefroy,  O.B., 
K.C.M.Q..F.B.S..T.P.B.G.8. 


E.  G.  Bavensteiu,  E.  0.  Bye. 

John  Coles,  E.  G.  Eavenstein,  E.  C. 


Bye. 


Bev.Abb^LaSamme,  J.S.  O'HalloraB, 

E.  O.  Eavenstein,  J.  F.  Torrance. 

Ctan.  J.  T.  Walker,  C.B.,  S.B.,' J.  8.  Ke!tie,  J  8.  C'UaUoian,  E.  O. 

LL.D.,  r.B.8.  I     Bavenstetn,  Bev.  G.  A.  timitb. 

Uaj.-Gen.8ir.P.J.Go1dsDud,:F.   T.   S.   Houghton,  J.   8,   Keltic 
K.C.S.1.  C.B.,  F.E.G.8.  E.  G.  Kavenstein.  .    .- 

C-.oo.;lc 


Date  and  Plaoe 


1667-  Hwchester 

18BS.  Bath 

1869.  Newcastle-  ! 

Tipon-Tyne 

1800.  Leeds   

IBSl.  Cardiff 

1892.  Bdiuborgh 

1893.  Notliugbam 

1S91.  Oxford 

ISSG.  Ipswioh  ... 
1896.  Liveipool... 
1887.  Torontc  ... 
IS98.  Bristol : 

1899.  Dover  

1900.  Bradford... I 


Col.    Sic   C.  W&rreri,    B.B., 
O.C.M.O.,  F.B.8.,  F.a.G.S. 
Col.  Sir  C.  W.  Wilson,  B.E., 
;     K.C.B.,  F.B.S.,  F.B.Q.6. 

Col,     Sir     F.      de    Win  ton, 

K.C.M.G.,  C.B.,  F.R.Q.8. 
Liea(.-Col.   Sir    B.    Lambert 
j     PUr£air,K.C.M.a.,FJt.G.S. 
~    1.   BaveiiEteiii,   F.E.Q.S., 


Bev.  L.  0.  CuuteUi,  J.  8.  Edtts, 

B.  J.  Mackiiidfli,S.  Q.  BarensteiQ 

J.  8.  Eeltie,  H.  S.  Haddodor,  E.  <3. 


J.  S.  Eeltie,   H.  J.  Haokicder.  B. 

Snlivan,  A.  SUva.  White, 
A.  Barker,  John  Coles,  J.  S.  KelUe, 

A.  BUva  White. 
John  Coles,  J.  8.  Keltie,  H.  J.  Uao- 
kinder,  A.  Silva  Whita,  Dr.  TeaU. 
J.  G.  Bartholomew,  John  Coles,  J.  8. 
Keltie,  A.  Silva  White. 
H.Seebohm,8ec.  R.&.,F.L.S.,'Ool.  F.  BaUey,  John  Coles,  H.  O. 

F.Z.e.  I     Forbes,  Dr.  H.  B.  MiU. 

Capt.W.J.L.Wharton,  E.N.,  John  Coles,  W.   8.  Dalgld*h,H.  N. 


F.R.8. 
H.     J.     Macbinder,     U.K., 

F.E.a.S. 
Major  L.  Darwin,  Sec.  B.G.S. 

J.  Soott-Eeltie,  LL.D. 

jCol.  G.  Bail  Chnreh,  F.RG.S. 

Sir  John  Mnm;,  F.B.8. 


Dickson,  Dr.  H.  R  MilL 
John  Coles,  H.  H.  Dickson,  Dr.  H. 

B.  Mill,  W.  A.  Taylor. 
Col.  F.  Bailey,  H.   N.  Dickson,  Dr. 

H.  R.  Mill,  E.  C.  DnB.  Philllpi. 
Col.   F.   Bailey,   Capt.  Deville,  Dr. 

H.  B.  Mill,  J.  B.  Tyrrell. 
H.  N.  Dickson,  Dr.  H.  K.  MiU,  H,  C. 

Tmpuell. 
H.  N.  Dickson,  Dr.  H.  O.  Forbes, 

Dr.  H.  B.  Mill. 
H.  N.  Dickson,  E.  Hoawood,  E.  B. 

Wethey. 


18BG.  Dablin i 

1836.  Bristol 

1857.  Liverpool... 

1838.  NewoBsUe 
lB39.Biiini])gham 

1840.  Glasgow  . 

1811.  Plymoulb. 

1813.  Mancheater 

1848.  Cork 

1844.  York 

1846.  Cambridge 

1846.  Sonthamp- 

1847.  Oxford 

1848.  SwaiiMa  ... 
1849  Bimlfleham 


STATISTICAL  SCIENCE. 

COMKITTEB  Or  SCIENCES,   TI. — STAT18T108. 

hi  Piof.  Babbage,  FJUS i  J.  B.  Drinkwat«T. 

.  I  Sir  Cliarles  Lemon,  BarL......I  Dr.  Cleland,  C.  Hope  Maclean. 

SECTION  r. — STATISTlCa. 

W.  Gr^,  Prof.  Longfield. 

"ev.  J.  B.  Bromby,  C.  B.  Frlf^, 

James  Heywood. 
W.  E.  Greg,  W.  Langton,  Dr.  W.  C. 

Taylor. 
W.  CargUI,  J.  Heywood,  W.B.Wood. 
F.  Clarke,  B.  W.  Bawson,  Dr.  W.  0. 

Tayler. 
C.  B.  Baird,  Prof.  Bamcq',  B.W. 

Bawson. 
Bev.  Dr.  Byrth,  Bev.  B.  Loney,  B. 

W,  Bawson. 
Bev.  B.  Lnney,  G.  W.  Oimenid,  Or. 

W.  C.  Tayler. 
Dr.  D.  Bnllen,  Dr.  W.  Cooke  Ta^at. 
J.  Fletcher,  J.  Heywood,  Dt,  I^. 

J,  Fletcher,  Dr.  W.  Cooke  Taylor. 
J.  Fletoher,  F.  G.  P.  Neiaon,  Dr.  W. 

C.  Tayler,  Bev.  T.  L.  Sbapoott. 
Bev.  W.  H.  Coi,  J.  J.  Duuon,  F.  O. . 

P.  Neison. 
J.  Fletcher,  Cf^t.  B.  Sbortrade. 
Dr.  Finch,  Prof.  Eanoook,  F.  O.  P. 

KeiBon, 


fit.  Hon.  Lord  Saudou ... 


iBt.  Hon.  Lord  Sandon,  MJ*. 

F.K.S. 
'LienL.Col.  Bykea,  F.B.8 


|G.  W.Wood,  M.P.,F.L.S.  .. 

Sir  C.  Iiemon,  Bart.,  M.P.  .. 
Lient.-  CoL    Sjkea,    F.E.S. 

F.L.B. 
Bt.  Hon.  the  Earl  Fitzwilliam 
G.  B.  Porter,  F.E.S 


Travers  Twiss,  D,C.L.,F.E 


FBH8IDEKTB   AND   BECBBTABnia  OF  IHB  BXCTI0N6. 


Data  and  Place 

PieddenU 

Seoirtariee 

IMl.  Ipfirioh  ... 
im.  BeUtmt 

VeiT   E6Y.   Dr.    Jdtm  Lee, 

Sir  John  P.  Bolleaa,  But.  ... 

Dnblin. 
James  Heyvood,  M.P.,  F.B.B. 
Thomas  Tooke,  P.B.8 

B.  UoDckton  Hnnes,  H.P. ... 

Pwf.  Hanoock,  J.  Fletoher,  Dr.  J. 

8t*rk. 
J.  Fletcher,  Prof.  Haneoek. 
Prof.  Hanoook,  Prof.  Ingram,  James 

Macadam,  jun. 

1»64.  Liverpool... 
im.  GlMgow  ... 

B.  Choshire,J.  T.  Danson,  Dr.W.H. 
Duncan,  W.  Newmarch. 

J.  A.  Campbell,  E.  Cheshire.  W.  New- 
march,  Prof.  B.  H.  WaUh. 

ISfiK.  Cheltenham 

1857.  Dublin 

IgfiS.  Leeds 

1SS9.  Aberdeen... 

1660.  Oxford 

1S61.  Hanidieeter 

I8$S.  Cambridge 
1863.  Heweaitle  . 

IM4.  Bath 

1866.  Birmingham 

1S66.  Nottingham 

1887.  Dundee 

1868.  Norwich..,. 

1869.  Exeter 

1870.  Liverpool... 

1871.  Edinbnrgh 
1879.  Brighton... 

1873.  Bradford... 

1874.  Belfast 

1870.  Briitol 

1876.  aiaagow  ... 

1877.  PlTmonth... 

1878.  Dnblin 

1879.  Sheffield  ... 

1880.  Bwsnaea  ... 

1881.  York 

882.  Sonthsmp- 
fa>n. 
1900. 


V  (continued). — bcokokic 
Bt.  Hon.  Lord  Stanley,  U.P. 


Hie  Oraoe  the  Archbishop  of 

Dnblin.  M.B.LA. 
Edward  Balnea 


Col.  Sykes,  M.P.,  P.E.S 

Naann  W.  Senior,  VLA.  

William  Newmareh,  F.B.8.., 


Prof .  J.  E.  T.  Bogers 

M.  B.  GrantrDoa,  M.P. 

Samnel  Brown  

Bt.Hon.  SiiSUffordH.  Korth- 

cote,  Bart.,  QB.,  M.P. 
Prof.  W.  Stanley  Jevone,  H.A. 

Bt.  Hon.  LordNeavee 

Prof.  Henry  Pawoatt,  M.P. ... 
BL  Hon.  W.  B.  Fonter,  U.P. 
Lord  O'Hi^an  

James  HeywDod,  M.A.,F.B.S., 

Prea.  S.S. 
Sir  George  Campbell,  K.C.8X, 

M.P. 
Bt.  Bon,  the  Barl  Fortescae 
Prof.  J.  K.  Ingram,  LL.D. 
G.  Bhaw  Lefevre,  H.P.,  Pres. 

S.S. 

G.  W.  Hastings,  MJ. 

Bt.  Hon.  U.  B.  Oiant-Doil, 

H.A.,  F.B.S. 
Bt.  Hon.  G.  Sclater-Bootb, 

M.P.,  F.B.S. 


BCIXKOI  AKD  BTATIBTTCa. 

Bev.  0.  H.  Bromby,  S.  Cheshire,  Dr. 

~  N.  Hancock,  W.  Kewmaroh,  W. 
Tartt. 
Prof.  Calms,  Dr.  H.  D.  Hntton,  W. 

Newmaich. 
T.  B.  Batnes,  Prof.  Calms,  S.  Brown, 

Capt.  Fishboume,  Dr.  J.  Strang. 
Prof.  Caima,  Edmund  Uacrory,  A.  H. 

Smith,  Dr.  Jotm  Strang. 
Edmund    Hacrory,  W.  Newmarch, 

Prof.  J.  B.  T.  Bogera. 
David  Chadwick,  Prof.  R.  C.  Chrirtie, 

B.  Macrory,  Prof.  J.  B.  T.  Bogera. 
H.  D.  Uacleod,  Edmund  Uacrory. 
T.   Doubleday,    Edmund    Macrory, 

Frederick  Pordy,  Jamea  Potts. 
B.  Maerory,  E.  T.  Payne,  F,  Purdy, 
O.  J.  D,  Goodman,  G,  J.  Johnston 

B.  Uacroiy. 

B,  Birkln,  jun..  Prof.  Leono  Levi,  E 
Hacrory. 

Prof.  Leone  Levi,  E.  Macrory,  A.  J. 

Warden. 
Bev.   W.  C.    Davie,  Prof,  Leone 

Levi. 

E.  Macrory,  F,   Puldy,   C.   T.   D. 
Aoland. 

Cbas,  B.  Dudley  Baxter,  E.  Macrory, 

J.  Miles  Moss. 
J.  G,  Fitch,  James  Meikle. 
J,  G.  Fitch,  Barclay  PhiUips. 
J.  G.  Fitch,  Bwire  Smith. 
Prof,  Donnell,  P.  P.  Fellows,  Hans 

HacMordie. 

F.  P.  FeDowB,  T.  O,  P.  Hallett,  E. 
Macrory. 

A.  M'Neel  Caird,  T.  Q.  P.  Hallett,  Dr. 

W.Neilson  Hancock,  Dr.  W,  Jack. . 
W.  F,  Collier,  P.  Hallett,  J,  T.  Pim. 
W.  J.  Hancock,  C.  Molloy,  J.  T.  Pirn. 
Trot.  Adamson,  B.  E.  Leader,  C. 

MoUoy, 
N.  A.  Hmnphreys,  0.  Molloy. 

C.  Molloy,  W,  W,  Morrell,  J.  P. 

Q.  Baden-Powell,  Prof,  H.  B.  Foi- 
vrell,  A.  Mltnea,  C.  MoHor.  t 


EEPOBT— 1000. 


1S0S.  Sonthport    ^B.  H.  Iiiglu  PdgtvK.  F.B.8.  :  Re< 
18S«.  MoDtreal . 
188E.  Aberdeen. 
13S6. 


1B89.  Newcastls- 
iipoa-T;Q< 

1890.  Leeds  

1891.  Cardiff 

1892.  Edinbuigta 


W.  Ctumiogbun,   Prof.  H.  S. 

Fnzwall,  J.  N,  Kejnix,  C.  H0II07. 

fiir   BichBTd   Templa,   Bart.,'Pn)f.  H.  8.  Foxwell,  J.  S.  HoLeniun, 

G.C.S.I.,  C.I.B.,  F.B.a.8.      ;     Prof.  J.  Watwrn. 
Prof.    H.    Sidgrwick,    LL.D,,  Rev.  W.  CnnniDgbam.  Prof.  H.  S. 
Litt  .D.  Foxwell,  C.  McCombie,  J.  F.  Kobe. 

J.  n.  Martin,  M.A.,  F.S.S.         F.  F.  BarharD,  Rev.W.CQDDingham, 
,     Prof.  H,  S.  FonvBlI,  J.  F.  Moss. 
Miuichegter.BobertQlffen,LL,D,.V.P.S.H.  Bov.  W.  Cuimlnfrhain.  F.  T.  Bdge- 
;     worth.  T.  H.  Elliott,  C.  Hughaa 
I     J.  E.  C.  Mnnro,  O.  H.  Saigant. 
Bt,    Hob.     Lord    Bramwell,  |  Prof.  F.  Y.  Edpeworth,  T.  H.  Elliott. 

LL.D.,  F.B.S.  I     H.  S.  Fo»weU,  L.  L.  F.  R.  Price. 

Prof.  F.  Y.  Edgeworth,  HA.,.  Rev.  Dr.  Onimin^hain,  T.  H.  Elliott, 

F.8.S.  F.  B,  Jevona,  L.  L.  F.  R.  Price. 

Prof .  A. Harehall,  M.A.,F.S.R.  W.  A.  Brigfj,  Rev.  Dr.  CannlnKbam, 
T.  H,  Elliott,  Prof.  J.  E.  C.  Himni, 
L.  L.  F.  a.  Price. 
Prof.  J.  BioDgfe,  E.  Ouuian,  Prof. 
E.  C.  K.   Oooner,  H.  LL  Smith, 
Prof.  W.  R.  Soriey. 
W.   Fremanllo.  Prof.  J.  Brough,  J.  B.  Pindlay,  Prof. 
n,.i..ii.  K.    C.    K.     Gonner,    H.    Bigg^ 

L.  I..  F.  R.  Price. 
1893.  Nottingham  Prof.  J.  S.  Xicholson,  D.So.,  Prof.  E.  C.   K.   Oonner,  H.   de  B, 
F.R.8.  Gibbios,  J.  A.  H.  Green,  H.  Higgs, 

I     L.  L.  F.  B.  Price. 

IS194.  Oxford Prof.  C.  F.  Bnatable,  M.A.,iE.  Cannan,  Prof.  E.  0.  K.  Gonnar, 

I      F.S.S.  j     W.  A.  S.  HowInB,  H.  Hif^B- 

1895.  Ipiwioh    ....L,L.  Price,  MJl !k,  Cannan,  Prof.  B.  0.  K.  GonneT, 

I     H.  Hi^B. 

1896.  Liverpool...  Bt.  Hon,  L.  Coorlnej,  M.P....  E.  Canoan,  Prof.  E.  C.  K.  Gonner, 

{  I     W.  A.  S.  Hewini,  H.  Higgt. 

1897.  ToroDh)    ....Prof.  E.  C.  K.  Qonner,  M.A.    'E.Canimn,H.Higg«,I'TO(.A.8hortfe 
B.  Cannan,  Prol.   A.   W.  Plia,  H. 

}[iggs,  W.  E.  Tanner. 
A.  L,  Bonley,  B.  Cannan,  Prof.  A. 
W.  Flnx,  Rev.  Q.  Sarmn. 
0.  Bradford ...  Major  P.  G.  CnOgie,  V.P.S.S.  A.   L.  Bowlev,   E-   Cannan,    8.    J. 
Chapman,  F.  Hooper. 

SECTION  G._MECHANICAL  SCIENCE. 

6.  BrisUil Davics  Gilbert,  D.C.L,  F.B.S.  1 T.  G.  Biinl,  Q.  T.  Clark,  W.  West. 

7.  Liverpool.. ..Rev.  Dr.  Robinaoc    Charles  Vignoles,  Tboma'  iVebater. 

S.Newcastle    ICharlas  Babl>aKe,  F.B.B.......IR.     Hawthorn,     C.     Vignoles,     T. 

L  I     Webster. 

9.  Birmingham  Prof.  Willis,  F.R.8.,  and  Robt.W.Carpmael,  William  Hawkes,  T. 
I     Stephenson.  1     Webster. 

).  Glasgow....  Sir  John  Bobinson  '  J.  Scott  RosBell,  J.ThomBoit,  J.  Tod, 

{     C.  TiKOolea. 

John  Ta;lor,  P.B.S Henry  Chatfield,  Thomas  WebWor. 

T  Rev.  Prof.  WiUls,  F.R,8 J.  F.  Bateman,  J.  Scott  BnneU,  J. 

]     Thomson,  Charles  Vignolm. 
Prof.  J,  tfacneill,  U.B.LA....  I  James  Thomson,  Robert  Hallet. 

John  Taylor,  F.B.S Cliarles  Vignoles,  Thomas  Webster. 

GaorgB  Bennie,  F.E.Si Rev.  W.  T.  Kingslcy. 

Rev. Prof.  Willis, Mjl.,F,B.S.WiOiam  Betts,  imi.,Cliarle8M«nl^. 
Kev.  Prof. Walker,  M.A.,F.R.S.  J.  Glynn,  B.  A.  Le  Mesurier. 
Rev.  Prof, Walker,  U.A.,F.RS.  j  R.  A.  Le  Mcsorier,  W.  P.  Stttivt 
RobU  StepbenB0D,M.F.,F.R.6.  Charles  Uanby,  W.  P.  Mawhail. 
Rev.  R.  Robinson I  Dr.  Lees,  David  Stefdiensoii. 


I,  Dover  ......  H.  Uiggi,  LL.B 


181S. 
18U. 
18tS. 
1816. 
1847. 
1848. 
1819. 
1860. 


Cork 

York 

Cambridge 
South  "mpfn 

Oxford 

Svransea  .. 
Birmloffh'n 
Edinburgh 


PRESIDBNTS  AKD  SICSETABIIS  OV  TH8  BEOnOnS. 


Drie  and  Place 


18E1.  Ipxwtoh    ...  WUlituiiCDbitt,F.B.8. 
Igsa.  Belfast John   Wolkei,    C.S.,  LL.D, 

1BB8.  HnU Iwaiiiim' Falrbaim,  F.B.S. 


IBS*.  Liverpool... 
im.  Glasgow  ... 
IBGS.  Cheltonliam 
JM7.  Dublin 


1860.  Oriord 

1S61.  Manebester 


lgS6,  Kottinghai 
1867.  Dundee.... 
IMS.  Korwich  . 


IST3.  BiadfoTd  . 
1S74.  BeUast.... 


John  Scott  Ruaaell,  F.B.8. 
W.  J.  M.  Banlcine,  F.B.S.    ... 

George  Itennle,  F.B.8 

Rt.  Hon.  the  Earl  of  Bowe, 

F.E.6. 
William  Fairbaira,  F.B.6. ... 
Eev.  Prof.WiUis,M.A.,F.aS. 

PTof.W.J.MacqQoniBaiikine, 

LL.D.,  F.H.S. 
J.  F.  Bateinan,  C.B.,  P.E.S.,.. 


J.  Hawkshaw,  F.B.B 

Sir  W.  G.  Annstrong,  LL.D., 

F.B.S. 
Tbomaa  HawLsle]',  V,P.  Inst. 

C.B.,  F.0.3. 
Prof.W.J.HacqnomBankiDe, 

LL.D.,  F.B.8. 
G.  F.  Blddec,  C.E.,  P.B.G.S. 


W.  H.  Barlow,  F.E.S. 


.  Prof.  James  Wionwon,  LL.B., 
C.E.,  F.R.8.B. 
1876.  Bristol |  W.  Fronde,  C.B.,  M.A.,  F.B.8. 


18T6.aia8gow  . 
1S77.  Plj-nonth. 
IB78.  imblm.... 
1879.  Bheffleld  .. 


C.  W.  Merriaeld,  F.B.8. . 

Edward  Woods,  C.E 

Edward  EashiD,  C.E 


..  J.Bobinson,  Pres.Inst.  Mech. 

Eng. 
ISSO.  Swansea...  J.Abemethj,  F.B.S.E 

1881.  York Bir  W.  0.   Armstrong,  O.B., 

I     LL.D..  D.C.L,,  F.E.8. 

1882.  Sonthamp-  [John  Fowler,  C.B.,  F.G.8.   ... 

1883.  Bootbport .  i  J.  Bmnleea,  Pres.  Inst.C.E. 

1884.  Hoiitresl...[Slr  F.   J.  BramweU,  F.B.8., 

I    T.P.In8l.C.E. 
ISSS.  Aberdeen...  B.  Baker,  U.InsC.C.E 

tM«.Mn>ili^uum|8ir  J.  N.  Don^lan,  H.Inst.'C 


John  Head,  Charles  Hanbj. 
.,;John  F.  Baleniao,  C.  B.  Hancock. 
Chsjrles  Uanhy,  James  Thomson. 
'J.  Oldham,  J,  Thomson,  W.  8.  Ward. 
J.  Graittliam,J.01dhAm,J.Thomson. 
L.  Hill,  W.  Bamsay,  J.  Thomson. 
C.  Atherton,  B.  Jones,  H.  M.  JeSery. 
Prot.  Downing,  W.T.  Doyue,  A,  Tate, 

James  Thomson,  Benry  Wright. 
J.  C.  Dennis,  J.  Dixon,  H.  Wright. 
B.  Abemetl);,  P.  Le  Neve  Foster,  H. 

Wright. 
P.  Le  Neve  Foster,  Bst.  F.  Harrison, 

Henry  Wright. 
P.  Le  Neve  Foster,  John  Bobinson, 

H.  Wright. 
W.  M.  Fawcett,  P.  Le  Neve  Foster. 
P.  Lb  Neve  Foster,  P.  Westmacott, 

J.  F.  Spencer. 
P.  Le  Neva  Foster,  Bobert  Pitt. 
Le    Neve    Foster,    Henry    Lea, 
V.  P.  Marshall,  Walter  May. 
P.  Le  Neve  Foster,  J.  F.  Iselin,  U. 

0.  Tarbotton. 
P.  Le  NevB  Foster,  John  F.  Smith, 

W.  W.  Urquhart. 
P.  Le  Neva  Foster.  J,  F.  Iselin,  C. 

Manby,  W.  Smith. 
P.  Le  Neve  Foster,  H.  Banemuui. 
H.  Baaerman,  P.  Le  Neve  Foster,  T. 

King,  J.  N.  Shoolbred. 
H.  Bauennan,  A.  Leslie,  J.  P.  Smith. 
H.  M.  Brunei,  P.  Le  Neve   Foster, 

J.  G.  Gamble,  J.  N.  Shoolbred. 

C.Barlow.H.Bauerman.E.H.Carbutt, 

J.  C.  Hawkshaw.  J.  N.  Shoolbred. 

A.  T.  Atchison,  J.  N.Shoolbred,  John 

Smyth,  jun. 
W.  E.  Browne,  H.  M.  Brunei,  J.  G. 
;     <jambls,  J.  N,  Shoolbred. 
Iw.  Bottomley,  jun„  W.  J.   Millar, 
'     J.  N.  Shoolbred,  J.  P.  Smith. 
'A.  T.  Atchison,  Dr.  MerriGold,  J.  N. 
j     Shoolbred, 

'a.  T.  Atchison,  R.  G.  Sjmvi,  H.  T 
I     Wood. 
j  A.  T.  Atchison,  Fmeieon  Bainbridge 

H.  T.  Wood. 
A.  T.  Atchison,  H.  T.  Wood. 
!a.   T.  Atchison,  J.  P.  Btepheuson, 
1     H.  T.  Wood. 

Ia.  V   Atchison,  F  Churton,  H.  T, 
!     Wood. 

'A.  T.  Atchison,  B,  Bire,H.T.Ww)d. 
jA.  T.  Atchison,  W.   B.   Dawson,  J. 

Kennedy,  H.  T.  Wood. 
!a.  T.  Atchison,  F.  O.   Ogilvie,  E, 


,H1glc 


D»t«uid  Place 

I8ST.  Mancharter 

188S.  Bath 

18S9.  Newustle- 

npon-Tyne 

1S90.  Leeds   

1891.  Cardiff...... 

1892.  Bdlnbatgb 
1BD3.  Nottingham 
189*.  Oiford 

1895.  Ipawich    ... 

1896.  Liverpool...  I 
189T.  Toronto  ... 
1BS8.  BrUtol 

1899.  Dover  

1900.  Bradford... 


Prof.  Osborne  Beynolda,  H.A., 

LL.D..  F.K.8, 
W.      H.      Preece,      F.B  S., 

M.Inst.aE. 
W.  Anderson,  UlnstC.B.  ... 

Capt.  A.  Noble,  C.B..  F.B.S., 

F.B.A.S. 
T.Forster  Brown,  M.Iust.C.E. 

Prtrf.   W.   C.   Unwln,  F.E.S,, 

H.lEU>t.C.B. 
Jeremiah  Head,  M.Inst.C.E., 


Kennedf, 


F.CS 
Prof.    A 

F.RS.,  M.lD>t.C.E. 
Prof.  L.  F.  Vemon-Harooort. 

U.A.,  U.Inst.C.G. 
Sir  Douglas  Fox,  V.F.IuBt.C.E. 

O.  F.  Deacon,  U.Itut.C.E. 

Sir    J.  WoUe-Ban7,  E.O.B., 

F.B.S. 
Sir  W,  White,  K.C.R,  F.B.S. 

Sir  Ales.  R.  Bionie,  UJnst. 


P.  Bndenbe^,  W.  B.  Hatshall, 

E.  Bigg. 
C.  W.  Cooke,  W.  B.  Marshall,  E. 

Higg,  P.  K.  .Slothert. 
C.  W.  Cooke,  W.  B.  Marshall,  Hon. 

C.  A.  Parsons,  E.  Bigg. 

.  K.  Clark,  C.  W,  Cooke,  W.  B. 

Marshall,  E.  Bigg. 
W.   Cooke,   Prof.  A.  C.  Elliott, 

W.  B.  Marshall,  E.  Biggf. 
!  0.  W.  Cooke,  W.  B.  Marshall,  W.  C, 
I     Fopplewell,  E.  Bigg. 
|C.  W.  Cooke,  W.   B.   Marshall,  E. 

Bigg,  H.  Talbot. 
Prof.  T.  Hudson  Bear«,  C.  W.  Cooke, 

W.  B.  Marshall,  Ber.  P.  J.  Bmitb. 
Prof.  T.  Hudson  Beare,  C.  W.  Cooke, 

W.  B.  Marshall,  P.  Q.  M.  Stoney. 
Prof.  T.  Hudson  Beare,  C.  W.  Cooke, 

8.  Dunkerley,  W.  B.  Marshall. 
Prof.  T.  Hudson  Beaie,  Prof.  Gallem 

dar,  W.  A.  Price. 
Prof.  T.  H.  Beare,  Prof.  J.  Monro, 

H.  W.  PearMQ,  W.  A.  Price. 
Prof.  T.  H.  Beare,  W.  A.  Price,  H. 

E.  Stilgoe. 
Prof.  T.  H.  Beare,  C.  F.  Chainock, 

Prof.  S.  Donkeriey,  W,  A.  Price. 


SECTION  H.— ANTHROPOLOGY. 


18S1.  Montreal , 
1886.  Aberdeen. 

leSB.  Blrmii^ham 

18S7.  Manchester 

1888.  Bath 

I8S9.  KewcaaUe- 
npon-TTno 

1890.  Leeds  

1891.  Cardiff 

1892.  Sdlnbnrgh 
1898.  Nottingham 

1894.  Oxford.... 
I89G.  Ipawicb  . 
1BB6.  Liverpool. 
1897.  Toronto 


Sir   G.   Campbell,    E.C.8.I. 

M.P.,  D.C.C.,  J'.E.a.S. 
Prof.  A.  H.  Safce,  M.A. 

Lieut. -Gensral      Pitt-Kvers, 

D.C.L.,  F.R.S. 
Prof.   Sir  W.   Tnmer,    M.B., 

LL.D.,  F.B.B. 
Or.   J.    Evans,  Treas.  B.B., 

F.8.A.,  F.L.H.,  F.Q.8. 
Prof.  F.  Max  MUtler,  M.A.  ... 

Prof.    A.    Maoalliter,    MX, 

M.D.,  F.B.S. 
Dr.  B.  Uunro,  H.A.,  F.B.B.E. 


Sir  W.  H.   Flower,    E.C.B., 

F.RB. 
Prof..  W.  M,  Flinders  Petris, 

D.C.L. 
Arthor  J.  Evans,  P.6.A.  


r  W.  Tumor,  F.B 


1.  OatBon,Dr, 


I G.  W.  Bloiam,  W.  Hurst. 
G.  W.  Bloxam,  Dr.  J.  G.  Qaraon,  W. 
Hurst.  Dr.  A.  Macgr^or. 
.'G.  W.  Bloxam,  Dr.  J.  G.  Garsmi,  W. 
I     Horst,  Dr.  K.  Saundby. 
G.  W.  Bloxam,  Dr.  J.  G.  Gi 

A.  M.  PatersoD. 
G.  W,  Bloiam,  Dr.  J.  G.  G«rson,  J, 

Harris  Stone. 
Q.  W.  Blozam,  Dr.  J.  G.  Garson,  Dr. 

R.  Morison,  Dr.  R.  Howden. 
Q.  W.  Bloxam,  Dr.  C.  M.  Chadwiok, 

Dr.  J.  Q.  Garson. 
G.  W.  Bloxam,  Prof.  R.  Howdan,  H. 

Lii«Botb,  E.  Seward. 
G.  W.  Bloxam,  Dr.  D.  Hepburn,  Prof, 

B.  Howden,  H.  Ling  Both. 
Q.  W.  Bloxam,  Rev.  T.  W.  Davies, 

Prof.  R.  Howden,  P.  B.  Jevons, 

J.  L.  Myres. 
H.  Balfour,  Dr.  J.  G.  Ouson,  H.  Ling 

Roth. 
J.  L.  Uyres,  Rev,  J.  J.  Savon,  H. 

Ling  Botli. 
Prof.  A.  C.  Haddon,  J.  L.  Myres, 

Prof.  A.  M.  Poterson. 

,  F.  Chamberlain,  H.  O.  Forbea, 

Frot  A.  0,  Haddon,  J,  ii.  Myret, 


LIST  OF  EVEHINC)  CISCOUBSES. 


Date  and  Place  i 


1900.  Biadfoid ...  <  Prof.  J<Aq  Khja,  UJ.... 


!h.  Balfonr,  .T.  h.  Ujree,  0.  Parker. 
U.  Balfour,  W.  H.  East,  Prof.  A.  C. 
!     HodrloD,  J.  L.  Myres 
.  Eler,   E.  Armitajte,  H.  BeUour,  W. 
I     Crooks,  J.  L.  Mjret. 


SECTION   I.— PHTSIOLOGY  (including  Experimemtal 

PATHOtOGY  AJTD  EXPKBIUBRTAL  PSyCHOLOOY). 

ISM.  Oxford Piof.  E.  A.  8ch£fer,  F.R.6.,  Prof.  F.  Ootch,  Dr.  J.  8.  Unldane, 

U.R.C.3.  I     M.  S.  Pembrey. 

Dr.  W.  H.  Gaakell,  F.B.S.       iProf.R.Bo;De,Frof.C.S.SherriDgton. 
Prof,  Uichsel  FoBtcr,  F.RS.  '  Prof.  H.  Bo;cc,  Prof.  C.  b.  Sherriug- 

I     ton.  Dr.  L.  E.  Sliore. 
J.  M.  Laogleyi  F.B,B.  i  Dr.  Howden,  Dr.  L.  E.  Shore,  Dr.  E. 

I     H.  Starling. 


SECTION  K.— BOTANY. 
.;W.  T.  XhiMlton-Drer,  F.RJ.A.  C.  Beward,  Prof.  F.  B.  Welsi. 


ItiM.  Liverpool..., Dr.  D.  H.  Boott,F.R.t},    , 

1S97.  Toiunto   ...  Prof.  ManbalL  Ward,  F.It.8. 

1S08.  Bristol  Prof .  F.  O.  Dower,  K.H.8.    .. 

1899.  Dover  j  Sir  Georgo  King,  F.R.S 

WTO.  Bradford  ...I Prof.  H.  H.  Vlnea.  F.R.S 


'Prof.  Bnn-ey  GibsoD,  A.  C.  Seward, 
'  Prof.  F.  E.  Wcls». 
Prof.  J.  8.  Farmer,  E.  C.  Jeffrey, 
:  A.  C.  Howard,  Prof.  F.  K.  Wdm. 
I  A.  C,  Beward,  U.  Wager.  J.  W.  White. 
,G.  Dowker,  A.  C.  Sev.'ard,  H.  Wager. 
!a,  C.  Sawaid,  H.  Wager,  W.  West. 


LIST  OF   EVENING  DISCOURSES. 


Date  and  Place 


IMS.  Hancheater 


1846.  Cambridge 
1S46.  Sontfaamp- 


Cbailea  Tignoles,  F.R.B, 

SiiH.  I.  Bmuel    

R.  L  Harctdson 

Prof.  Owen,  M.D.,F.B.8 
Prof.  B.  Foibea,  F,B.S..., 

Dr,  BobinBoii 

Chailee  If  ell,  F.R.8.  ... 
Dr.  Faleoner,  F.B.8 

Q.B.Airy.F.B.S. ,  Artron.Royal 
E.  I.  Uurcbison,  F.B.S. 
Prof.  Owen,  M.D.,  F.B.S 
Charles  Lyell,  F.R.8.   ... 
W.  B.  Grove,  F.R.8 


IHugh  K.  Stdckland,  F.G.S....  The  Dodo  (iJWw  i/n-j/tnt). 


Sabject  of  Duoouia 

The  Prlndplea  and  ConitnetioD  of 
Atmoapherlc  Railways. 

The  Thames  Tunnel. 

Tbe  Oeolo^  of  Roaela. 

The  Dinornis  of  Hew  Zealand. 

The  Distxibntioa  of  Animal  Life  in 
the  ^gean  Sea. 

The  Eail  of  Roan's  Telescope. 

Geology  of  North  America. 

The  Gigantic  Tortoise  of  the  Siwalik 
Hills  in  India. 

Progress  of  Terrestrial  Magnetism. 

Geology  of  Rnssia. 

Fossil  Manunaliaof  the  British  Isles. 

Volley  and  Dcltaot  the  Miagissippl. 

Propcrt  ies  of  t  he  ExploeiveSnbstance 
discovered  by  Dr.  Bchonbeiu;  also 
some  Kesearches  of  his  own  on  the 
Decomposition  of  Water  by  Heat. 

Shooting  Stare. 

Hagnaitc  and  Diamagnetio  Pbeno* 


.glc 


D&ta  uid  PUoe 


184S.  SwftDseA  ...  John  Perc7,M.D.,F.R 

JW.  Carpenter,  M.D.,  F.B.8.... 

ISJS.BirmiDghamlDr.  Faraday,  F.B.8 

'  Rev.  Prof.  WiUi*.  M^,  F.R.S. 


G.B.Aiiy,F.K.8.,Aatron.  Royal 

1&6S.  Belfast Iprof.   O.   G.   Stores,   D.C.L., 

I     F.R.S. 
Colonel  Fortlook,  R.B.,  F.R.S. 


ISea.  Hull 

Robert  Hnnt,  F.R.S 

1864.  Liverpool...  Prof.  R.  Owen,  M.D.,  F.R.8. 

Col.  E.  Sabine,  T.P.R.8 

1805.  Olaigow  ...iDr.  W.  I!.  Csipenter,  F.B.8. 
iLicDt.-Col.  H.  Rawlinson    .. 

1856.  Cheltenham  Col.  Sir  E.  Bawlinsou 


jW.  R.  Grore,F.a.S 

1867.  Dnblin | Prof.  W.  Thomson,  F.RS.   ... 

Rov.  Dr.  Livingslone,  D.C.L. 

1868.  Leeds   Prof.  J.  PhiUips,LL,D..F.RS. 

;Prof.  R.  Owen,  M.D.,  F.R.S. 

1869.  Aberdeen... 'Sir  R.  I.  Mnrchisor,  D.C.L..,. 

;itev.  Dr.  Robinson,  F.R.8.  ... 

1860.  Ostord ;ncv.  Prof.  Walker,  F.R.3.  ... 

C^aptnin  Sherard  Osbom.  H.N. 
IBCl.  Uanche!iter'Prof.W..\.Miller,M.A.,F.R.S. 

G.  B.  Airy,  F.R.S.,  Aslron. 
Royal. 

Prof.  Tyndall,  LL.D..  F.B.8. 

Prof.  Odling,  F.R.S 

Prof.  Williamfon,  F.R.8 


1862.  Cambridge 

1863.  Newcastle 


1864.  Both... 

1806.  Birmingham 


Jamca  GlaiBber,  F.H.8... 
Prof.  Hosooe,  F.R 


Subject  of  DiKonm 


.  Metallaigical  Operations  of  8  wanseft 

and  its  Heighbonrhood. 
.  Recent  Hicroeoopical  DiBooveriea. 
.  I  Mr.  Gassiot's  Battery, 
Transit  of  different  Weights  witli 

varyii^  Velocities  on  Railw^B. 
Passage  of  the   Blood  throngh.  the 
minnte  vesaelsof  Ani'mpln  in  con- 
nection with  Nutrition. 
Extinct  Birds  of  New  Zealand. 
Distinction    between    Plants    and 
Animals,    and   their  changes  of 

Total  Solar  Eclipse  of  July  38, 1861. 

Recent  Discoveries  in  the  propertiee 

of  Light. 
Recent  Discovery  of   Rook-salt  at 
Carrickfergns,  and  geological  and 
practical  considerations  connected 
with  it. 
Some  pecoliar  Phenomena  in  the 
Qeol:^^  and  Physical  Geography 
of  Yorkshire. 
The  present  state  of  Photography. 
Anthropomorphous  Apes. 
"  (igressof  Researches  in  Terrestrial 

Magnetism. 
Characters  of  Species. 
Assyrian  and  BiUiylonian  Antiqaitiea 

and  Ethnology. 
Recent  Discoveries  in  Assyria  and 
Babylonia,  with  the    results  of 
Cnneifonn   Research   np   to  th« 
present  time. 
Correlation  of  Phydcal  Forces. 
The  Atlantic  Telegn^ih. 
I  Recent  Discoveries  in  Africa. 
iThe  Ironstones  of  Yorkshire. 
The  Fossil  Mammalia  of  Austnlia. 
lOeologyof  the  Northern  Highlands. 
Electrical    Discharges    in    highly 

rarefied  Media. 
!  Physical  Constitution  of  the  Sub. 
lArctic  Discovery. 
I  Spectrum  Analysis. 
The  late  Bdipae  of  the  Sun. 

The  Forms  and  Action  of  Water. 
Organic  Chemistry. 
The  Chemistivof  the  Oalvanio  Bat- 
tery  considered  in   relation  to 
Dynamics. 
..  The  Balloon  Asoenia  made  for  the 

British  Association, 
..  The  Chemical^ction  of  Light. 
.  Recent  Travels  in  Africa. 
.  Probabilities  as  to  the  position  and 
extent  of  the  Coal-measarea  bo- 
neath  the  md  rocks  of  the  Hid- 
land  Counties. 


,  V,  Google 


LI8T  OF'XTZKIKO   DISCOUBSES, 


D*Ce  uid  Pbce 
ISee.  Nottiogbam 
ise7.  Dandee 

1SG8.  Norwich   ... 

IHO.  BzBter  

IBTO.  Liverpool... 

1871.  Edinbtu%:b 

1872.  BiigbtoD  ... 

1873.  Bradford  ... 
1S74.  Bel&st 


Lectunr 
William  HQggiiu,F.B.S 

Dr.  J.  D.  Hooker,  F.B.S 

Ajratdbald  G«ikle,  F3.8 

Alexander  HerKhe],  F.R.A.S. 

J.  Fergnwon,  P,E.8 

Dr.  W.  Odllng,  FJL8 

Prof.  J.PhlllipB,  LL.D.,F.E.8. 
J.  Sromum  Loctyer,  F.B.S.  .. 
Prof.  J.TrKlall,LL.D.,F.B.8, 
Prof  .V/.  J.  Maoqnom  B*akuie, 

LL.D.,  F.B.B. 
F.  A.  Abel,  F.K.S 


IflTe.  Bristol 

1376.  QbigDw   .. 

1877.  Plymonth, 

1878.  DnbUn  .... 

1373.  Sheffield  ... 
IBSO.  SwMuea  ... 
1881.  York 


S.  B.  Trior,  P.B.8 

Prof.  P.  lUrtiD  DnnoBD,  H.l 

Prof.  W.'  K.  Clifford 

Prof.  W.  C.WiUJBiii»on.P.B.a. 
Prof.  Clerk  Maxwell,  F.K.S. 
Hlr  John  LabbocV,Bart..H,P., 
F.n.8. 

Prof.  Hiutley.  F.B.S 

.  |W.Spottitwoode,LL.D.,F.B.S 
F,  J.  Brainwell,  F.B.8 

.]prof.  T«it,F.B.8.E 

SirWyrille  Thomson,  F.R8. 
.  W.  Warinpon  Smyth,  MJi. 


I  Prof.  Odlinir,  P.R.8 

.  (i.  J.  Romanes,  F.L.IS 

Prof.  Detvar,  F.U.S 


1382.  Bonthamp- 
ISSS.  Sonthport 

1884.  Montreal.., 
1886.  Aberdeen... 


W.  Crooke-H,  F.H.S 

Prof .  E.  Bay  Laiikcstcr,  F.B.S. 
Prof.W.I!oj-d  DawkinB,F.B.S. 

Frandi  OoItoD,  F.B.S 

Prof.  Hniley,  Sec.  B.9 

W.  SpottiBwood^Pres.B.S.... 

Prof.  Sir  Wm.  Thomson.  F.B.S. 
Prof.  H.  N.  Moseley,  F.B.S. 
Prof.  B.  8.  BaU,  P.E.8.   

Prof.  J.  G,  HcSendrlck 

Prof.  O.  J.  Lodge,  D.Sc 

Rev.  W.  H.  Dallinger,  F.B.8. 


Prof.  W.  Q.  Adams.  F.B.B. . 
John  Mimuy,  F.l{,aE 


Subject  of  Discourw 

The  results  of   Npectnun   Analy^ 
"  ri  to  Heavenly  Bodies. 
Floras. 
The  Geological  Origin  of  the  present 

Soenery  of  SootUnd. 
The  present  state  of  Knowledge  re- 
garding Heteora  and  Meteorites. 
Archmoh^  of  the  early  Boddhist 

HonnmentB. 
Beveise  Chemical  Actions. 
TesaTini. 
The  Pliysical  Constitution  of  the 

Stars  and  Nebnhe. 
ThcHoientifioVBeofthDimagimition 
tilream-llnes  and  Wares,  in  eonneC' 
I     lion  with  Tfaval  Architecture. 
.JHome  Becent  Investigations  aodAp 
I     plications  of  ExplMlve  Agent«. 
.  TheBeUtionof  Primitive  to  Modem 
I     Civilisation. 
.,'Inseot  Metamorphosis. 

.  The  Alms  and  Instruments  of  Soien- 

'     tific  Thought. 
Coal  and  Coal  Plants. 
Molecules. 
Common  Wild  Flowers  considered 

in  relation  to  Insects, 
The   Hypothesis  that  Animals  are 

Automata,  and  its  History. 
The  Colonrs  of  Polarised  Light. 
Bnjlway  Safety  Appliances. 

The  ChaUmger  Expedition. 

Physical  Phenomena  connected  with 
llie  Mines  of  Cornwall  and  Devon, 

The  Xew  Element,  Gallium. 

Animal  Intelligence. 

DL'sociaiion,  or  Modem  Ideas  of 
Chemical  Action. 

Radiant  llntti-r, 

Degoncrfttion. 

Primeval  3laii. 

Mental  Imagery. 

The  Bise  aad  Progress  of  Paleon- 
tology. 

The  Electric  Discbarge,  its  Forms 
and  its  Functions. 

Pelagic  Life. 

Becent  Besearches  on  the  Distance 
of  the  Son. 

Galvanic  and  Animal  Electricity. 

Dust, 

The  Modem  Microscope  in  Re- 
searches on  the  IiGost  and  Lowest 
Forms  of  Life, 

The  Electric  Light  and  Atmospheric 
Absorption. 

The  Great  Ocean  Basins.. 

I      ,  .C.ooglc 


HEPOKT — 19U0. 


Date  and  Plac« 

IBSa.Birnungbain 
18S7.  lliinohest«T 
less.  Bath. 
1S8S.  Bath. 


ISM.  Lcols  

1B91.  Caidifi 

ISSS.  Ediubmgh 
lBe3.  NoUiDgfaom 

ISM.  Ostord 

18US.  Jpflwich     . 

leW).  Liverpool.. 
1S9T.  Toronto  .. 

1898.  Bristol 

1899.  Dover  ..... 


A.  W.  Raoker,  M.A.,  F.B.S. 
Prof.  W.  Katharford,  M.D. ... 
Prof.  H.  B.  Dixon,  FJI.B.    ... 

CoL  Sir  F.  de  Winton 

Prof.  W.  B.  Ajrton,  F.E.B. ... 

Prof.  T.  G.    BoDDer,  D.Sc., 

F.B.S. 
Prof.  W.  C.  Boberts-AoHten, 

F.K.8. 
Walter  Qardioer,  Mji 

.  B.  B.Ponlton,  M.A,,  P.B.S.... 
Praf.  0,  Vomon  Bojs,  F.K.8. 
.  Prof.L.C.MiaU,F.L.B.,F.G.S. 

Prof.  A.W.  Raoker,M.A.,F.B.S. 
Prof.  A.  H.  Marshall,  F.B.S. 
Prof.  J.A.Ewii^,M.A.,  F.B.H. 
Prof.  A.  SmitheUs,  B.Bc 
Fiof.  YlotoT  Honlej,  FJU. 

J.  W.  OregCMT,  D.Sc.,  F.O.8. 

Prof.J.SliieldNictioUoii.H.A. 

Prof.  S.  P.  Tlionipson,  F.R.S. 

Prof.   Percy    F.    Frankland, 
i      F.K.S. 
.;Dr.  F.  BIgar,  F.R.8 

Prof.  Flinders  Petrie,  D.U.L. 
.  Prof.  Boberte  Aost^o,  F.B.S. 

J.  Hilne,F.B.S 

.  Piof.  W.  J.  SoUu,F£.S.    ,.. 

Harbert  Jackson  

.  Prof.  Cbarles  Blohet. 

Fiof.  J.  Fleming,  FJLB 


Snt^eot  of  DLkwuw 

Soap  Babbles. 

The  Sense  of  Hearing. 

The  Bate  of  Ezplosiotii  Id  Oases. 

Bxplorations  in  Central  Africa. 

""»     Electrical     I^aminisBion     of 

Tiie  Foundation  StoaeaoftheEarth's 

ClOBt. 

The  Hardening  and  Tempering  of 


How  Plants  m 


nthei 


selves  In 


the  Struggle  for  Existence. 
Mitoicry. 

Qoartz  Fibres  and  their  Applications. 
Some    DifEcnUies  in  tbo    Life   of 

Aquatic  Insects, 
Electrical  Stress. 
Pedigrees. 

Magnetic  IndnolJon. 
Flame. 
The  Discovery  of  Uie  Phjsiology  of 

the  Nervans  System. 
EzperieuceH     and     Prospects     of 

African  Exploration. 
Historical  Progress  and   Ideal   So- 
cialism. 
Hagnetisui  in  Rotation. 
The  Work  of  Pngtenr  and  its  various 

DcrelopmciitB. 
Safety  in  Ships. 
Mun  before  Writing 
Canada's  Metals. 
Eaitbqnakes  and  Volcanoes. 
Fnnafoti:  Uie   Study  of  a   Coral 

Island. 
PboBphortacence . 
Ia  vibntioQ  nervense. 
The   Centenary    of    the    Eleotrio 

Cnrrent, 
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LECTURES  TO  THE  OPEHATIVE  CLASSES. 


Date  and  Hms 

IBGT.  I>(uidee 

1MB.  Norwich  . 
1B68.  Vxoltz  .... 


Ptof.  J.Tyndall,  LL.D..F.B.8. 
Prof.  Hnxley,  LL.D.,  F.R.8, 
Prol.  Miller,  M.D,  F.B.8.   ... 


1S70.  UveipoDl...  birJoh]iLubbock,BfU'b.,F.IL8. 
1S78.  Biigbton  ...  W.8pottUwoode,LL.D.,F.B.B. 

1878.  Bradlorf...  C.W.Siemeiw,  D.C.L.,F.B.8.I 

1BT4.  BeUMt Prof.  Odiiug,  F.B.B i 

1876.  BriMol iDr.  W.  B.  Caipeoter,  F.B.S.   ! 

1ST6.  Olaagow   ...|ComniandeTOamen>D,  C.B....| 
18T7.  Plymouth.,,  I  W.H.Preeco I 

1879.  Sheffield  ...'w.  E.  ATitoti    

1880.  Swaiuea   ...IH.  Beebohm,  F.Z.a 

1881.  York iProf.      Osbonie      Bejnolds, 

F.B.S. 
1883.  Sonthainp-   |johnGvBiiB,D,C.L.,Treaa.B.S. 

1883.  Sonthport     !  Sir  F.  J.  Bramweli,  F.B.S.  ... 

1884.  Montreal  ...iProf.  R.  S.  Ball,  F.R.S 

ISSfi.  Ab«Tdeen...|H.  B.  Dixon,  M. A 

1886.  BiTiniiigham  Prof.  W.  C.  Koberts-Auaten, 

F.B.S. 

1887.  HancheaterlPioL  a.  Forbei,  F.Il.8 

1888.  Bath :  Sir  John  Labbock,BarC.,F.B.S. 

1889.  Newcattle-  |B,  Baker,  U.Iiut.CE 

npon-TyiM 


Sattfcct  of  DiKoiiTH 

Matter  and  Force. 

A  Piece  of  Chalk. 

The  modes  of  detecting  the  Com- 
position of  tha  Snn  and  other 
Heavenl;  Bodies  b;  the  Spectmm. 

SuEishine,  Sea,  and  Sky. 

Fuel. 

I  The  Discovery  of  Oxygen. 

'■  A  Piece  of  Limestone, 

I A  Journey  through  Africa. 

!  Telegraphy  and  the  Telephone. 

:  Electricity  ai  a  Motive  Power. 

I  The  North- Eait  Paaa^e. 

Baindrops,  HoilEtonea,  end  Know- 
flak  ea. 

Unwritten    Uintoiy,    and    how    to 

Talking  by  Slectriclly— TclephoDea. 

Comets, 

The  Nature  of  Ezplosiona. 

The  Colours  of  HetAli  and   theii 

Electric  Lighting. 
'The  Customs  of  Savage  Bacea. 
The  Forth  Bridge. 


1S90.  Leeds 

1891.  CtudlS 

1892.  Edinburgh 

1893.  Nottingham 

ISM.  Oxford 

1396,  Ipswich    ... 

1896.  Livetpool,,. 

1897.  Toronto   ... 
IS98.  Bristol 


Spinning  Tops. 
Electricity  in  Mining. 
Electric  Spaik  Fhotographa. 
Spontaneous  Oombustion. 
Geologies  and  Deluges. 
Colour. 

The  Earth  a  Great  Magnet. 
Now  (luinea. 

The  wnya  in  which  Animals  Warn 
their  enemiea  and  Signal  to  theii 
'  frienda. 

I'MO.  Bnidtoid...iPiof.  li.  P.  ThompsoD,  F.RS.iElectricity  in  tlie  Induftries. 


Prof.  J.  Perry,  D.So,,  F.R.S. 
Prof.  S.  P.  ThompHOn.  F.R.S. 
Prof.  C.  Vernon  Boys,  F.R.S.  1 

Frtjf.  Vivian  B.  Lewes , 

Prof.  W,  J.  SollM,  F.B.8.    ... 

Dr.  A  H.Fison 

Prof.  J.  A.  Fleming,  F.B.S.., 

Pr.  H.  0.  Forbes  

'Prof.  E.  B.  Ponlton,  F.R.S, 
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OFFICEES   OF   SECTTIONAL  COMMITTEES   PRESENT    AT 
THE  BRADFORD  MEETING. 

SECTION  A, — MATHEMATICAL  AND   PHTBICAl  8CIEIICB. 

Freaujeni, — Dr.  Joseph  Larmor,  F.R.S. 

Vice-PregideiUs. — Dr.  A.  A.  Common,  F.R.S.   (Chairman  of  the  I>ep^rt- 

ment  of  Astronomy) ;  Prof.  0.  F.  FitzGerald,  F.R.S.  ;  Prof.    A.    R. 

Foreytli,  F.E.S. ;   Prof.  G.  Carey  Forter,  F.R.S.  ;  Principal  Oliver 

Lodge,    F.R.S.  ;    Mnjor    P.  A.  MacMahon,  F.R.S.  ;    Prof.    A.    "W. 

Rucker,  F.JB.S.  :  Prof.  H.  H.  Turner,  F.R.S. 
Secretaries.— P.  H.    Cowell,    M.A.  ;   A.    Fowler ;    C.   H.    Leea,     I>.Sc.  : 

C.  J.  L,  Wagatftffo,  M.A. ;    Prof.   W.   Wataon,  B.Sc.  (Aecon^er)  ; 

E.  T.  Whittaker,  M.A. 

BBOTIOM  B. — CHEMISTRY. 

P«8wfe«(.— Prof.  W.  H.  Perkin,  Ph.D.,  F.R.S. 

Ftce-PresidMito.— Prof.    H.   E.    Armstrong,  F.R.S. ;  Horace  T.  Brown, 

F.R.S. ;  Prof.  H.  B.  Dixon,  F.R.S. ;  Dr.  Gladstone,  F.R.S.  ;  "W".  H. 

Perkin,   sen.,    F.R.S. ;    Sir.    H.    E.  Roscoe,    F.R.S. ;   Sir   William 

Roberts- Austen,  K.C.B.,  F.RS. 
Secrelarifs.—y},  M.  Gardner  ;  F.  S.  Kipping,  F.R.S. ;  W.  J.  Pope ;  T.  K. 

Rose  (Recorder). 


r  O. — GEOLOGY. 

President.— 'Bxot  W.  J.  Sollas,  F.R.S, 

Fice-PrMwfento.— Prof.  J.  Joly,  F.R.S. ;  Lieut-Gen.  C.   A.  McMahon, 

F.RS.;    Clement    Reid,    F.RS.;    J.    3.   H.   Teall,    F.R.S.;    W. 

Whitoker,  F.R.S. ;  Dr.  H.  Woodwanl,  F.R.S. 
Seci-itaries. — H.  L.  Bowman  ;  Rev.  W.  Lower  Carter  :  G.  W.  Lamplugh 

(Recordnr)  ;  H.  W.  Monckton. 

SECTI05   D. — ZOOLOtlV   (.\ND   PlIYSIOLOGV). 

/■j-eaidCTii.— Dr.  R.  H.  Traquair,  F.R.S. 

rwe-Prewrfcjife.— Prof.  Francis  Gotch,  M.A.,  F.R.S.  ;  Prof.  S.  J.  Hiok- 

son,  M.A.,  D.Sc,  F.R.S. ;    Prof.  L.  C.  Miall,  F.R.S.  ;  Prof.  E.  B. 

Poulton,  M.A.,  F.R.S.  ;  Prof.  Sir  J.  Burden  Sanderson,  Bart.,  F.RS. ; 

Prof.  E.  A.  Schafer,  F.R.S. ;  J.  W.  Woodall,  M.A.,  F.G.S. 
Secretaries. — Walter  Garstang,  M.A.  (Seeorder) ;  J.  Graham  Kerr,  M.A. ; 

T.  H.  Taylor ;  Swale  Vincent. 


— OBOGRAPHT. 

President.— Sir  Geoi^  S.  Robertson,  K.C.S.I. 

Vice-Presidents.— Sir  Thomas  H.  Holdich,  K.C.I.E.  ;    T.  Scott  Keltie, 

LL.D. ;  H.  R.  Mill,  D.Sc,  LL.D.  ;  E.  G.  Ravenstein. 
Secretaries.— K.  N.    Dickson,  F.R.S.E.  {Recorder)  ;    Edward   Heawood, 

M.A.  ;  E.  R.  Wethey,  M.A. 

.  .Google 


coMMiriEE  or  kecoMmenDations  ixxv 

SBCTIOM  F. — ECOHOHIC   SCIBNCK  AND  STATISTICS. 

i^iMMfon/.— Majot  p.  O.  Creigie,  V.P.S.a. 

Fice-Prwifentt.— Eev.  William   Cnnningham,    D.D.  ;    Prof.    E.    C.    K. 

Gonner,  M.A. ;  Henry  Higgs,  LL.B.,  F.S.S. ;  Rev.  W.  H.  Keeling, 

M.A.  ;  L.  L.  Price,  M.A. 
S^eteriM.— A.  L.  Bowley,  M.A  ;  E.  Cannan,  M.A.,  F.S.S.  {Beeorder}  ; 

S.  J.  Chapman,  M.A. ;  P.  Hooper. 

SBCnON   O. — MECHAHICAL  aCISNCB. 

President.— Sir  Alexander  H.  Binnie,  M.InstC.E.,  F.0.8. 


Secrelarieg.~¥rot  T.  Hudson  Beare,  F.R.8.E.  {Secorder)  ;  G.  F.  Char- 
nock  ;  Ptot  S.  Diinkerley,  M.Sc.  j  W.  A.  Price,  M.A. 

SKCTION  H. — ASTHBOFOLOar, 

Prendent.—2roi.  John  Rhya,  M.A. 

Vice-Preaidente.—J.  Beddoe,  M.D.,  F.R.S.  ;  E.  W.  BrabnxJf,  C.B., 
F.S.A. ;  Sir  John  Evans,  K.C.B.,  F.R.S.  ;  Prof.  A.  C.  Haddon, 
F.R.S.  J  Prof.  A,  Macaliiter,  F.R.S. ;  Prof.  E.  B.  Tylor,  F.R.S. 

Secrelaries.—'Rey.  E.  Armitage,  M.A.  ;  H.  Balfour,  M.A. ;  W.  Crooke, 
B.A. ;  J.  L.  Myres,  M.A.,  F.8.A  (Recorder). 

SKCTION   K. — BOTANY, 

/■rMwiwK.— Prof.  S.  H.  Vines,  F.R.S.i 

Viee-Preeidents.—Frot.  F.  O.  Bower,  Sc.D.,  F.R.S. ;  Prof.  J.  Reynolds 

Green,  F.R.S. ;  Dr.  D.  H.   Scott,    F.R.S. ;  Prof.    Marshall   Ward, 

F.RS. 
Secretaries.— A.  C.  Seward,  F.R.S.  (Secorder) ;  Harold  Waget ;  William 

West,  F.L.S. 


COMMITTEE  OF  RECOMMENDATIONS. 
He  President ;  the  Vice-Presidents  of  the  Meeting  ;  the  Presidents  of 
former  years ;  the  Trustees ;   the  General   and  Assistant   General 
Secretaries ;  the  General  Treasurer. 

The  Presidents  of  the  Sections. 
Prof.  A.  R.  Forsyth  ;  C.  Vernon  Boys ;  Dr.  A.  A.  Common ;  Prof.  H.  E. 
Armstrong ;  Dr.  Horace  Brown ;  Prof.  Harold  Dixon  j  J.  J.  H. 
Teal! ;  J.  E.  Marr ;  Prof.  S.  J.  Hickson ;  W.  Garstang  ;  E.  G. 
Ravenstein ;  Dr.  J.  Scott  Keltie  j  E.  W.  Brabrook ;  E.  Cannan ; 
Sir  W.  H.  Preecej  Prof.  T.  H.  Beare;  H.  Balfour;  Prof.  A.  C. 
Haddon ;  Prof.  F.  Gotch ;  Prof.  Johnson  ^ington ;  Prof.  F.  O. 
Bower;  Prof.  Marshall  Ward;  Dr.  D.  H.  Scott;  Prof.  K  B. 
Pooltcm. 

■  Prof.  Vines  was  unable  to  attend  the  Meeting. 
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KEPORT— 1900. 
THE  GENERAL  TfLEASUBEB'S  ACGOmrT, 


Balance  brought  forward   1MB 

Life  ComposltioQS  (iaoladlug  Tiansfen) 814 

New  Annual  llemb«ra'  Babs^ptioas  150 

Annnal  Sabscriptiona EM 

Sale  of  AjModatea'  Tickets 53B 

Sale  of  ladle*'  TickeU  ISO 

Sale  of  PablieatiODB  208 

Interest  on  Deposit  at  Bristol  Bank    2* 

Dividend  on  Consols 200 

DiTidendon  India  3  per  Cents 101 

Income  Tax  retarned  (for  three  years,  to  April  1699) 30 

Dnerpended  Balances  of  Qrants  letniDed : — 

Coneaponding  Societies  Committee 0    9    0 

Committee    on    Heat   of  Combination  of 

Metals 2  13    0 

SthDograpbJcal  Surrey  Committee    110    0 


a.  Cabey  FoBtbb,  Qtneral  Treaturer. 
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OENEHAL  TREASURERS   ACCOUXT.  Ix: 

fton  Jnly  1, 1899,  to  June  30, 1900.  0 

Wat-lWO.  EXPENDITURE. 

£      I 
ExpemeBof  Dover  Meeting,  inclndiDg  Onnt  to  LmsbI  Fund, 

Printing,  AdTBitiElDg,  Payinent  of  Clerks,  be.  &c 309 

Bent  and  OffloeEzpeoBat 51 

Salailu 513  1 

Prlntinj^  Binding,  &c 1063 

Fftjment  of  Gianta  mAde  at  Dover 


Wa»4niEth  lUlH 

ElaotnilTUo  Qiuiilluttra  Annlj-ila  . . 
iBmorpbiHu  aolpbanlo  DariTBtIm  i 

Tba  Niton  erf  AUoin  

nuUgTMo  "t  UtplORlcal  Intenet  ■  ■ 
KhuIiu  of  £lk  In  tli«  Ills  o' "- - 

Dfl  Fumn  and  FUm.  ._ 

-^U  of  UnlflrfnaDd  Waten  of  Crann ..  l  ...... . 

±uiBat  Cb(  Zoologtoal  StatloB,  Naplts 1( 

Tibto  at  Ihs  Bluloileal  lAbonlory,  FI/DHmCb 1 

IndBT Gaiemm  MSpedemm  Anlmallnm I 

mgrmtloa  ol  Hnl*    1 

FUnktoa   and    Fbyaical  L'oddlUooi  at    ths    Englliih 


iiopolDvlflal  Kotea  and  fjoeilea ' 
ropologliial  IntareM 


Cm)     . 

Plndoal 

minn  Daallnga  In  Bi 
fiUBhHto' BxeaTatlon 
BlbnologK      ~ 

Kewi^U ,_, 

Pbotogiaphl  of  Anthmpolc 

Hcntal  ftbd  Phnhia]  OODdlcioa  oi  unuurm  in 

Bthn(«ia^otlIiaUalaTFlDlniiila 

Ftajil(A«ctea]  SReoU  of  AptoM 

ConparatlTe  Hlatology  of  Sapraroial  Cfepnli 
OompustlTa  Ulitologr  of  Csnbial  Oortvi  . 

Yaionlar  finpplf  of  SeotetLnif  QLauda 

FgrtiUnllon  iQ  FhanptijoHB 


In  JuuidH  of  Qeceral  TrcaaareT : 
At  Bank  of  BngLuid,  Western  Branoh  £7118  6 
Xm*  Cheque*  not  presented 50  0 


I  hkve  examined  the  above  Accoont  with  the  booba  and  vonchen  ot  the  Associa- 
tion, and  certify  the  same  to  be  coneot.  I  have  also  verified  the  balance  at  the 
BaBkwa*,  and  have  aaoert^ned  that  the  Investments  Are  regiat«red  in  the  names 
of  Xiord  ATebniT,  Lord  Kayleigb,  and  tbe  late  Lord  Plajfalr,  transf ei  to  the  new 
TnutVN  not  having  jet  been  effected. 

Appiowd—  V.  B.  Eebn,  Ckartarad  AiuKnaUiutt, 

D.  H.  S(X>TT,  1   .  Ml..-.        8  Church  Court,  Old  JewiT,B,0 
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HEPORT  OF  TnE  COUNCIL. 


Seport  of  ike  Co^indl/or  tke  Year  1899-1900,  jw-MarUerf  to  iht  General 
Committee  at  Bradford  mi  Wedneiday,  September  6,  1900. 

The  Conncil  have  nominated  Dr.  N.  Bodiogton,  Vice- Chancel  lor  of 
the 'Victoria  University,  and  Professor  L.  C.  Miall,  P.R.S.,  Vice-Presidents 
for  the  meetiug  at  Bradford. 

The  Cotmcil  have  nominated  Professor  Weldon,  F,R,S.,  to  be  a 
Qovemor  of  the  Marine  Biological  Association  of  the  United  Kingdom  in 
place  of  the  late  Sir  William  Flower. 

The  Council  having  been  informed  by  Professor  Schafer  that  he  does 
not  intend  to  offer  himself  for  re-election  as  General  Secretary  after  the 
meeting  at  Bradford,  desire  to  record  their  sense  of  the  valoable  services 
which  he  has  rendered  to  the  Association. 

The  Council  recommend  that  Dr.  D.  H.  Scott,  P.R.S.,  be  appointed 
Oonend  Secretary  in  succession  to  Professor  Schafer. 

The  following  resolutions,  referred  to  the  Council  by  the  General 
Committee,  have  been  considered  and  acted  upon  ; — 

(1)  That  in  view  of  the  opportnnitiea  of  ethDogiaphioaliiiguuT  which  will  be 
presented  by  the  lodian  Ceosus,  Ibe  CoddcU  of  the  AssociatioD  be  reqaesied  to 
ui^  the  QovenuneDt  of  India  to  make  nseof  theCensDiOfflcenfor  theparpotes 
ennmerated  below,  and  to  place  photograpbeie  at  the  service  of  the  Census 
Offlcen. 

1.  To  establish  a  enrvey  of  the  jungle  races,  Bbils,  Gondt,  and  other  tribes  of 
the  central  monntain  districts. 

2.  To  eatabliab  a,  further  survey  of  the  Kaga,  Eoki,  and  other  cognate  races 
of  the  Assam  and  Burmese  frontiers. 

3.  To  collect  further  iuformation  abont  the  vagrant  and  crimlna]  tribes, 
Haboras,  Beriyas,  Sansiyus,  to,,  in  North  and  Central  India. 

4.  To  collect  physical  measuremonts,  particniarly  of  the  various  Drsvidian 
tribes,  in  otder  to  determine  thcii  origiii ;  and  of  the  Bajput?  tind  Jats  of  Baj- 
pntana  and  the  Eastern  Pan  jab,  to  determine  their  relation  with  the  Yn-ecbi  and 
other  Indo-Boytbian  races. 

6,  Tofomiabaseriesof  photographs  of  typical  specimens  of 'he  various  races; 
of  views  of  archaic  Industries  ;  and  of  other  facts  inteieeling  to  ethnulogists. 

The  Council  appointed  a  Committee,  consisting  of  Mr.  H.  Balfour,  Mr. 
F.  Galton,  Professor  A.  C.  Haddon,  Mr.  C.  H.  Read,  and  the  General 
Officers,  to  report  on  this  matter, 

In  accordance  with  the  recommendation  of  the  Committee,  the  Council 
requested  the  President  to  address  the  following  letter  to  the  Secretary  of 
State  for  India  : — 

At  the  meeting  of  the  British  Association  for  the  Advancement  of 
Science  at  Dover,  attention  was  called  to  the  special  opportunity  offered 
by  the  Census  about  to  be  taken  in  India  for  collecting  valuable  ethno- 
graphical data  concerning  the  races  of  the  country  ;  and  the  Council  of 
the  Asweiation  having  taken  the  matter  into  consideration,  and  beins 
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impreHBed  by  its  scientific  importance,  have  requested  me,  on  their  behaU, 
to  bring  to  the  notice  oi  Her  Majest7*8  Ooyemment  the  doable  scientific 
results  which  might  be  obtained  by  meems  of  the  Census. 

The  results  of  the  Census  itself  constitnte,  of  course,  by  their  very 
nature,  an  ethnographical  document  of  great  value  ;  and  my  Council  feel 
that,  without  overburdening  theOfficersof  the  Census  or  incurring  any  very 
large  expense,  that  value  might  be  increased  to  a  very  remarkable  degree 
if  to  the  enumeration  were  added  the  collection  of  some  easily  ascertained 
ethnographical  data.  They  are  encouraged  to  make  this  suggestion  by 
the  reflection  that  the  Census  Commissioner  is  an  accomplished  ethno- 
graphist,  well  known  by  his  publication  on  the  Tribes  and  Castes  of 
Bengal,  the  valuable  results  of  which  would  be  supplemented  by  the 
inquiries  now  proposed.  They  feel  confident  that,  with  his  aid  and  under 
his  direction,  most  important  data  may  be  obtained  at  a  minimum  of 
efibrt  and  cost.  I  may  add  that  should  the  suggestion  which  my  Council 
desire  to  make  be  carried  out,  a  great  step  will  have  been  taken  towards 
establishing  a  uniform  method  of  ethnographical  observation  in  India — a 
matter  of  great  scientific  importance. 

Stated  briefiy,  what  my  Council  desire  to  see  carried  ont  is  as 
follows: — 

1.  While  collecting  the  ordinary  information  for  the  Census,  to 
investigate  the  physical  and  sociological  characters  of  the  various  races 
and  tribes  of  India.  Such  data  would  furnish  the  basis  for  a  true 
estimation  of  the  number  and  distribution  of  the  tribes  in  question,  and 
thus  powerfully  contribute  to  a  sound  classification  of  the  races  of  India. 

Special  attention  to  be  directed  (a)  to  the  jungle  races — Bhils,  Oonds, 
and  other  tribes  of  the  central  mountain  districts — concerning  which  our 
information  is  at  present  very  limited. 

(&)  To  the  Naga,  E.uki,  and  other  cognato  races  of  the  Assam  ami 
Burmese  frontiers,  and  of  the  vagrant  and  criminal  tribes — Habnras, 
Beriyas,  Sansiyas,  &c. — in  North  and  Central  India. 

(c)  To  the  Dravidian  tribes,  and  the  Rajputs  and  Jata  of  Raiputaoa 
and  the  Eastern  Panjab.  This  will  be  of  service  in  throwing  light  on 
the  important  and  difficult  problem  of  the  origin  of  these  tribes  and  their 
relation  with  the  Yu-echi  s!nd  other  Scythian  races. 

(d)  To  pay  especial  attontion  to  the  question  of  a  possible  Negrito 
element  iu  certain  ethnic  groups  in  India. 

2.  To  obtain,  so  far  as  can  be  done  without  too  great  labour  and 
expense,  a  series  of  photographs  of  typical  individuals  of  the  various 
races,  and,  if  it  should  be  practicable,  of  views  of  archaic  industries,  &c. 
This,  which  might  be  accomplished  by  placing  photographers  at  the 
service  of  the  Census  Officers,  would  be  the  commencement  of  an 
Ethnographical  Survey  of  India  similar  to,  and  certainly  no  less  important 
than,  Uie  Archsological  Survey  of  which  the  Government  of  India  may  so 
justly  be  proud. 

My  Council,  in  considering  the  above  proposal,  have  been  assisted  by 
a  Committee  of  gentlemen  possessing  special  knowledge  of  the  subject  in 

aueetion,  and  I  am  to  add  that  this  Committee  will  be  pleased  to  place 
lemselves  at  the  disposal  of  Her  Majesty's  Government  to  assist  in  the 
proposed  investigation.  If  it  should  seem  desirable  to  Her.M^esty's 
Government,  the  Committee  are  pre  ared  to  put  themselveB  into  direct 
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Gomnmnio&tion  with  the  Officers  of  the  Cenana,who,  however,  the  Council 
hare  reaaon  to  beUeve,  ore  full;  capable  of  carrying  oat  the  details  of  the 
iiiTestagfttions  proposed. 

The  Secretary  of  State  for  India  has  forwarded  a  copy  of  thii  letter  to 
the  GoTemment  of  India  for  consideration. 

(2)  That  the  ConDoil  be  requested  to  lepreseDt  to  Hel  HajestyV  GoTerntnent 
the  impoTtonce  ot  giving  more  prominence  to  Botanj  io  the  tia^ing  of  Indian 
Forest  Offloera. 

ACommitteecoDBistinK  (^Sir  W.  T.  Thiselton-Dyer,  Sir  Geoi^  King, 
Professor  Mm-Btiall  Word,  and  the  General  Officers,  waa  appointed  to 
report  on  this  matter. 

As  a  result  of  their  deliberations  the  following  letter  waa  addressed  by 
the  President  to  the  Secretary  of  State  for  India ; — 

The  Council  of  the  British  Association  for  the  Advancement  of  Science, 
having  had  under  consideration  the  remarks  made  by  Sir  Oeorge  King  at 
the  meeting  in  Dover  in  September  lost,  as  to  the  deficiency  in  botanical 
knowledge  of  the  officers  in  the  Forest  Department  of  India,  think  tliiat 
the  subject  ia  one  of  such  great  importance  as  to  justify  them  in  bringing 
the  conclusions  at  which  they  have  arrived  before  the  Secretary  of  State  for 
India. 

The  Forest  Department  in  India  not  only  has  charge  of  the  great 
forests  of  that  Empire,  but  is  frequently  called  upon  to  supply  trained 
officers  for  the  care  of  those  of  our  colonial  posseBeions.  It  is  needless 
to  iudst  that  those  who  practise  the  art  of  forestry  ought  to  have  a  firm 
grasp  of  the  scientific  principles  on  which  the  art  is  based.  They  should 
be  able  to  do  more  than,  as  a  matter  of  routine,  follow  out  conscientiously 
the  rules  laid  down  for  them  ;  they  ought  to  possess  the  scientific  Icnowledge 
which  will  enable  them  to  seize  opportunities  which  may  present  themselves 
of  extending  the  resources  and  developing  the  economic  value  of  our 
forests,  and  which  will  give  them  power  over  unforeseen  difficulties 
occasioned  by  plant  diseases  or  other  causes. 

There  seems,  however,  to  be  little  doubt,  from  evidence  which  has 
been  laid  before  a  Committee  of  this  Couoctl,  that,  with  some  exceptiims, 
the  forest  officers  on  actual  duty  have  at  rooet  a  very  slender  equipment  of 
botanical  knowledge.  It  appears  that  they  are  in  many  cases  unaole  to  moke 
intelligent  use,  or,  indeed,  in  individual  cases,  any  use  atoll,  of  the  exoellent 
technical  works  provided  for  their  use  at  the  expense  of  India  by  the 
Secretary  of  State.  The  majority  of  them  are  unable  to  give  scientific 
precision  to  their  reports,  or  to  demonstrate  the  contents  of  the  forests  under 
their  charge  to  foreign  experts.  Indeed,  probably  it  may  be  said  with  truth 
that  the  native  subordinate  officers  trained  in  India  at  Debra  Dun  possess 
a  more  accurate  knowledge  of  Indian  botany  than  do  the  European 
officers  under  whom  they  have  to  serve. 

My  Council  desire  to  urge  upon  the  SecretaJ*y  of  State  for  India  that 
this  undesirable  state  of  things — undesirable  for  many  reasons,  among 
others  that  through  it  the  capabilities  of  our  forests  are  probably  not  as 
fully  developed  as  they  might  be,  to  the  detriment  of  IniUan  revenues — 
may  be  traced  in  part  at  least  to  the  circumstances  under  which  the  forest 
officers  are  selected. 

The  mode  of  selection  adopted  ought  to  be  such  that  the  Indian 
Forest  Service  shotUd  dravr  into  its  ranks  men  whose  aptitudes  and  tastes 
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fit  them  for  their  future  duties.  The  work  of  a  forest  oEEicer  calls  t  _ 
oially  for  those  powers  of  obserratuxi  imd  inference  which  natursl-histor^ 
studies  are  peciui&rly  fitted  to  encourage.  Young  men  with  an  aptatuKS^ 
for  such  studies  would  seem  to  be  material  which  the  Secretary  of  BtBL.t:iG 
vould  naturally  demre  to  secure  for  fill'"g  the  offices  in  queetioD. 

But  the  mode  of  selection  at  present  in  use,  bo  for  from  &vouriag,     us 
distinctly  ant^onistic  to  such  an  end. 

In  the  first  place,  the  present  age- limit  of  twenty  is  exercising  m^x^ 
nnfavDurable  influence,  since  it  prevents  the  entrance  into  the  seirice  «>f 
men  who  have  had  a  university  training.  Training  in  natural -history' 
studies  is,  at  present  at  least,  very  imperfectly  carried  out  in  our  PabLi<s 
Schools,  eren  in  the  best  of  them  ;  it  is  to  our  Universitiea  and  not  to  ovtx- 
Schools  that  we  must  look  for  young  men  trained  in  these  studies  ;  anct 
such  men  are  excluded  by  the  present  age-limit.  It  may  be  worth  whil^ 
to  point  out  here  that  some  of  the  ablest  Indian  forest  officers  in  the  pa&'fc 
have  been  men  of  univer^ty  training  who  entered  the  service  at  a  tim^ 
when  the  age-limit  was  very  different  from  what  it  is  now. 

In  the  second  place,  the  examination,  by  means  of  which  candidates 
are  selected,  does  not  tend  to  the  selection  of  men  of  natural-history,  or' 
even  of  scientifia,  aptitude. 

The  examination  in  question  is  the  same  as  that  for  the  Indian  Police 
Department,  with  the  exception  that  German  is  compulsory.  My  Council 
believe  tliat  the  Secretary  of  State  for  India  will  agree  with  them 
in  thinking  that  a  system  of  examination,  which  may  be  the  best 
for  the  selection  of  officers  of  the  Police  Department,  whose  duties  are 
simply  administrative,  cannot  be  expected  to  be  the  best  for  the  selection  cf 
officers  of  the  Forest  Department,  whose  duties  should  be  distinctly  scientific 
They  therefore  submit  respectfully,  but  most  earnestly,  to  the  Secretary  <^ 
State,  the  desirability  of  making  some  marked  changes  in  the  method  of 
selection  of  candidates  for  the  forest  service  in  India. 

They  would  wish  in  the  first  place  to  suggest  to  him  whether  it  would 
not  be  possible  to  recruit  the  service,  in  part  at  least,  directly  from  the 
UoiversitieB,  by  placing  some  of  the  vacancies  at  the  disposal  of  yotm^ 
men  who,  by  their  university  career,  had  pven  evidence  of  their  aptitude 
for  natural- his toiy  studies  and  work,  and  a  promise  of  success  in  the 
application  of  such  studies  to  forestry.  In  any  case,  they  would  urge  the 
importance  of  so  extending  the  age-limit  as  not  to  exclude  men  who  have 
had  a  university  training. 

And  they  may  here  state  that  they  understand  that  the  candidates, 
who  are  selected  from  passed  Students  of  the  "  Institut  Agronomique  " 
and  the  "  Ecole  Poly  technique  "  for  admission  to  the  French  Forest  school 
at  Nancy,  must  have  acquired  the  university  degree  of  Bacheher   da 


In  the  second  place,  they  desire  to  urge  the  importance  of  so  modi^ing 
1^6  nature  of  the  entrance  examination  as  to  specially  adapt  it  to  secnring 
efficient  forest  officers. 

The  forest  officer  needs,  in  addition  to  otJier  general  qualifications,  a 
knowledge  of  botany  and  an  aptitude  for  natural-history  studies.  No 
proper  gra^  of  botanical  science  can  be  gained  wi&ont  an  adequate 
elementary  knowledge  of  physics  and  chemistry.  And  the  examination 
which  would  seem  best  calculated  to  select  the  fittest  men  for  the  forest 
service  would  be  one  in  which  prominence  was  given  to  botany,  and  to 
physics  and  chemistry  as  introductory  to  that  science,  with  an  adequate 
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nnmberof  marks  assigned  to  other  natsral-histoiy  studies,  such  as  geology 
and  zoology. 

If  the  relatively  enormouB  value  now  attached  to  German  is  connected 
with  the  Beading  of  candidates  to  Germany  for  their  professional  educa- 
tion, it  must  be  noted  that  at  the  present  day,  in  regard  both  to  methods 
of  instruction  and  even,  to  a  large  extent,  to  forest  practice,  France  is 
considered  by  many  competent  judges  to  afford  opportunities  for  training 
as  good  as,  or  possibly  better  than,  those  offered  by  Germany.  And 
French  ought  to  occupy,  from  this  point  of  viev,  the  same  position  as 
Qerman. 

In  any  case,  what  is  needed  by  the  candidate,  whether  he  goes  to 
Germany  or  to  France  for  part  of  his  training,  is  not  an  academic  know- 
ledge of  the  language  but  a  colloquial  one,  such  as  will  enable  hi'm  to  profit 
at  once  by  a  stay  in  the  country.  For  the  purposes  of  study,  a  know- 
ledge of  one  or  other  tougue,  though  advontageoas,  is  not  necessary,  since 
excellent  and  sufficient  treatises  and  text-books  are  now  to  be  found  in 
the  £cglish  language.  This  is  shown  by  what  my  Council  are  told  is 
the  case,  that  in  the  French  forest  service  examination  Bnglish  is  now 
optional  with  German. 

It  may  be  added  that  if  the  candidates  selected  already  possessed  an 
adequate  general  acquaintance  with  botany  and  the  allied  sciences,  there 
would  be  no  need  to  teach  these  introductory  and  preliminary  sciences  at 
Coopers  Hill.  The  toaching  there  might  be  limited  to  technical  Indian 
botany,  to  forest  surveying  and  engineering,  and  to  the  theory  and 
practice  of  Foreetty  itself.  Were  tins  done,  the  stay  at  Coopers  Hill 
might  possibly  be  uiortened  to  two  years,  instead  of  three,  as  at  present. 

In  conclusion,  my  Council  desire  to  state  that  in  their  opinion  it  b  by 
changee  in  the  method  of  selection  of  candidates  rather  than  by  changes 
in  the  training  at  Coopers  Hill  that  amendment  may  be  secured.  They 
are  convinced  that  unless  some  change  is  made  in  the  preliminary  selection 
of  candidates,  the  institution  at  Coopers  Hill  cannot  be  expected  to 
prodnoe  the  kind  of  forest  officers  so  greatly  needed  for  the  welfare  of  our 
ffreat  Indian  empire.  Were,  however,  changes  made  in  the  mode  of 
selection,  the  acknowledged  usefulness  of  Coopers  Hill  might  be  still 
further  increased. 

In  the  reply  to  this  letter,  dated  February  27,  the  President  was  informed 
that  the  attention  of  the  Secretary  of  State  was  drawn  last  autumn  to  the 
remarks  in  Sir  George  King's  address  at  the  Dover  meeting,  and  that  he 
has  asked  Sir  W.  Thiselton-Dyer  and  Sir  Dietrich  Brandis  to  be  good 
enough  to  look  into  the  matter,  and  to  advise  him  in  what  way  the 
Botanical  teaching  at  Coopers  Hill  College  can  be  improved  and  rendered 
more  practical.  The  report  of  these  authorities  will  be  forwarded  with 
the  Fresident's  letter,  for  the  consideration  of  the  Government  of  India, 
and  for  such  observations  and  suggestions  as  they  may  have  to  make,  with 
a  view  to  practical  measures  of  i^orm. 

(3)  That  tha  attention  of  the  Council  be  called  to  the  wohUdk  of  tlie  rale 
leRardlcg  spedmena  collected  by  Commltteea  appointed  by  tbe  Assodation, 
with  a  view  to  its  revisfoa. 

The  Council  recommended  that  in  the  Kule  ref  eired  to,  viz.,  '  Members 
and  Committees  who  may  be  entrusted  with  sums  of  money  for  collecting 
specimens  of  Natural  History,  are  requested  to  reserve  the  specimens  ao 
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obtained  to  be  dealt  with  1^  authority  of  this  Anooiation,'  the  vords 
'any  description '  be  sabstitnted  for  'Natural  History,'  and  'the  Council' 
for  'this  Association.' 

(4)  That  the  ootnplete  investigatioii  of  the  Ichtbyolog;  of  the  Weat  African 
riveiE  promises  extremely  important  BCientiSc  results,  laA  that  the  Oooncil  of 
the  ABsooiation  be  requested  to  take  sach  meana  as  may  saem  to  It  adrlaable  to 
bring  the  matter  t«  the  notice  of  the  TmMeoa  of  the  British  Hnsenm. 

A  Committee,  consisting  of  Prof.  Herdman,  Prof.  A.  Newton,  Mr. 
A.  E.  Shipley,  Prof.  Weldon,  and  the  Qeneral  Officers,  was  appointed  to 
report  on  this  matter. 

In  accordance  with  the  recommendation  of  this  Committee,  the 
Frecddent,  wiUi  the  uiproval  of  the  Council,  addressed  a  letter  to  the 
Trustees  of  the  Briti^  Museum  explaining  that  the  matter  had  been 
brought  tinder  the  notice  of  the  Council  through  an  application  made  on 
behalf  of  Mr.  Boulenger,  of  the  British  Museum,  for  a  grant  to  assist  a 
collector  in  obtaining  fishes  from  the  West  African  rivers,  which  applica- 
tion the  Association  had  declined  to  accede  to,  not  from  any  want  of 
appreciation  of  the  importance  of  the  researches,  but  from  the  difficulties 
attaching  to  applications  made  to  the  British  Association  for  grants  in 
aid  of  researches  undertal^en  by  members  of  the  Staff  of  the  Natural 
Histoiy  Museum  as  part  of  their  ofBcial  duties. 

In  reply  the  Director  of  the  Natural  HistoiT  Departments  pointed  out 
tliat  the  application  had  not  been  made  on  befauf,  or  with  the  knowledge, 
of  the  Trustees,  and  that  it  was  not  for  any  work  which  formed  part  of 
his  official  duties.  The  small  sum  of  money  required  by  Mr.  Boulenger  for 
this  particular  occasion  had,  since  his  application  to  the  British  Association, 
been  arranged  for  by  the  authorities  of  the  Museum  in  the  usual  way. 

The  Beport  of  the  Corresponding  Societies  Committee  for  the  past 
year,  together  with  the  list  of  the  Corresponding  Societies  and  the  titles 
of  the  more  important  papers,  and  especially  those  referring  to  Local 
Scientific  Inveetigations,  published  by  those  Societies  during  the  year 
ending  Jnne  1,  1900,  has  been  received. 

The  Corresponding  Societies  Committee,  consisting  of  Mr.  Francis 
Galton,  Mr.  W.  Whitaker  (Chairman),  Dr.  J.  G.  Qarson,  Sir  J.  Evana,  Mr. 
J.  Hopkinson,  Professor  R.  Meldola,  Professor  T.  G.  Bonney,  Mr.  T.  V. 
Holmes,  Sir  Cuthbert  Peek,  Mr.  Horace  T.  Brown,  Rev.  J.  0.  Bevan, 
Professor  W.  W.  Watta,  Kev.  T.  R.  R.  Stebbing.  Mr.  C.  H.  Read,  and 
Mr.  F.  W.  Budler,  is  hereby  nominated  for  reappointment  by  the  General 
Committee. 

The  Council  nominate  Professor  Poulton,  F.B.S.,  Chairman,  Mr.  W. 
Whitaker,  F.R.S.,  Vice -Chairman,  and  Mr.  T.  "V.  Holmes,  Secretaiy,  to 
the  Conference  of  Delegates  of  Corresponding  Societies  to  be  held  during 
the  Meeting  at  Bradford. 

The  CouiJcU  have  received  Reports  from  the  General  Treasurer  during 
the  past  year,  and  his  accounts  from  July  1,  1899,  to  June  30,  1900, 
which  have  been  audited,  are  presented  to  the  General  Ccaumittae. 

In  accordance  with  the  regulations  the  retiring  Members  of  the 
Council  will  be : — 
Professor  W.  A.  Herdman. 
Mr,  W.  N.  Shaw. 
Mr.  J.  J.  H.  Teall. 

,  v,  Got" 
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The  Coimdl  recommend  Hie  re-dection  of  the  other  ordinary  Members 
of  the  CoDDcU,  with  the  tiddition  of  the  gentlemen  whose  names  ore  dia- 
tinj>niflhed  1^  an  oateriak  in  the  following  list : — 


AimstroDg,  PiofeMor  H.  £.,  F.RS. 
Bonai,  J.,  Baq.,  LL.D. 
•Bower,  ProfesBor  7.  O.,  F.R.8. 
•Callendar,  Proteaaor  H.  L.,  F.B.S. 
Creak,  Captain  E.  W..  R.N.,  ir.R.8. 
DftfwiD,  F.,  Esq.,  F.B.S. 
Darwin,  Major  L.,  Sec.  R.6.8. 
Fremantle,  The  Hon.  Sir  O.  W.,  E.C.B. 
Gaakell,  Dr.  W.  H.,  F.B.S. 
HallibnrtOD,  Prefewor  W.  D.,  F.B.8. 
HarooDTt,  Frof  estor  L.  F.  TernoD,  M  jI., 

U.IiistC.E. 
Eeltie,  J.  Soott,  Esq.,  LL.D. 
■Lankester,  Profesaor  E.  Baj,  F.B.S. 


■Look^er,    Sir    J.    Norman,    E.O.B, 

F.B.S. 
Lodge,  FrofessoT  Oliver,  F.K.S. 
MucMahoc,  Major  F.  A.,  F.B.S. 
MaiT,  J.  B.,  Esq.,  F.R.8. 
PoultoD,  Frofewoc  E.  B.,  F.R.S. 
Preeco,  Sir  W.  H.,  K.C.B.,  F.B.S. 
Price,  L.  L.,  Egq.,  M.A. 
•Sollas,  Profegsor  W.  J.,  F.R.S. 
Tbomson,  Professor  J.  H.,  F.R.S. 
Tilden,  ProfeSBor  W.  A.,  F.B.S. 
Tjlor,  Professor  E.  B.,  F.RS. 
Wolfe-Barry,  Sir  Jobn,  K.C3.,  F.RS. 


n,gti7cdT:G00glc 


C0HH1TT£E8  APPOINTED  BY   THE   GENERAL   COMMITTEE  AT  THE 

Bbadford  Meetinq  m  September  1900. 
1,  Seceiving  Grants  of  Money. 


S«bJ«et  toe  In<r««tlgitioii  or  Pnipon 


If  emben  of  the  CammittM 


JSakhig  Bsp«riiiieiits  (or  Improv- 
ing the  Cooatrnotiou  of  Pnctical 
tjt&Ddarda  for  uu  in  Electiical 
Meware  meats. 

[And  buUnoe  in  band.] 


SelfmologioAl  ObBan-ations. 


To  oooBlder  the  moit  Boitable 
Method  of  Determiniiig  the 
OompMieiits  of  the  U^netic 
Force  on  board  Ship. 


The  reUtion  between  tbe  Absorp- 
tion Speotnaud  Chemical  Con- 
■titoUon  o{  Organlo  Snbitanoei. 

lH.9t.94.ia  hand] 


Ciaiman. — Loid  Rajleigh. 

SacretaTy.—Ut.  B.  T.  Qluebrook. 

Lord  Kelvin,  Piofeasora  W.  E. 
Ajrton,  J.  Perry,  W.  Q.  Adams, 
Oliver  J,  Lodge,  and  G. 
Carej  Foster,  Dr.  A.  Uairhead, 
Sir  W.  H.  Preece,  Profes- 
sors J.  D.  Everett  and  A. 
Schnster,  Dr.  J.  A.  Fleming, 
Profesaorg  Q.  F.  FitzQerald  and 
J.  J.  Thomson,  Hr.  W.  N.  Bbaw, 
Dr.  J,  T.  Bottomley,  Bev. 
T.  C.  Fitipatrlck,  Professor  J. 
Yiriamu  Jones,  Dr.  Q.  John- 
stone Stoney,  Professor  8.  P. 
Thompson,  Hi.  3.  Rennie,  Mr. 
E.  H.  Griffiths,  Professors  A.  W. 
Racker,  H.  L.  Callendar,  and 
Sir  W.  C.  BobwU-Aosten,  and 
Mr.  Q.  Matthe;. 

Chairman.— Piot.  J.  W.  Judd. 

Seeretarg/.—PxoteBsoT  J.  Milne. 

Lord  Kelvin,  Professor  T.  O. 
Bonney,  Mr.  C.  V.  Boys,  Pro- 
fesBor  G.  H,  Darwin,  Mr. 
Horace  Darwin,  Major  L.  Dar- 
win, Professor  J.  A.  Ewing, 
Professor  C.  G.  Enott,  Pro- 
fessor R  Meldola,  Mr.  B.  D. 
Oldham,  Professor  J.  Perry, 
Hr.  W.  E.  Plummer,  Professor 
J.  H.  PoynUng,  Mr.  Clement 
Beid,  Mr.  Kelson  BicbardaoD, 
and  Professor  H.  H.  Tnmw. 

Ohairman.  —  Professor    A.     W. 

Backer. 
Secr^ary.—Ot.  0.  H.  Lees. 
Lord  Kelvin,  Prof  esior  A.  Solinst«r, 

Oaptain   Creak,   Proteuor   W. 

Btrond,  Mr.  0.  V.  Boys,  and  Mr. 

W.  Watson. 
Chairtiu,*  and    Saeratarf. — Pro- 

femor  W.  Noel  Hartley. 
Professor  F.  B.  Japp,  Professor  J.  J. 

Dobbie,    and    Mr.    Alexander 
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1.  AeeMitf  OrtuUt  ^  Montf — cootliiiud. 


Snbjeot  for  Iin«itlgktiaii  oi  Pmpofa 


Msmben  of  (lie  CommittoB 


Pnpariug  »  new  BfliiM  of  Wbta- 
length  TkbiM  of  the  Spectn 
of  tiie  Element!. 


Tb«  Btndr  of  Imi 


M  Btadr  of  iMmoipl 
phonto  DerivaUTM  irf 


^^tolciMw.— Sir  H,  K.  Rowxm. 

8eer»l«ry.—'Dt.  UanbAll  Watte. 

Bit  J,  N.  Lockjer,  Profenon  J. 
DeiriLT,  O.  D.  LlTelng,  A.Sehns- 
t«r,  W.  K.  Hmrtlej,  and  Wol- 
ooU  GIbiM,  Bod  Bir  W.  de  W. 

£^Ulraa».~ProfeBiarH,A.Mlen. 
SeeretoTf. — Profefsor  H.  B.  Arm- 

Dr.  W.  P.  Wynne,  »nd  Mr,  W.  J. 


To  Inveatlgata  tlia  Emtio  Blooka 
of  the  British  I*lea,  »nd  to  take 
meMores  tar  theii  pmervfttion. 

[6^.  in  hand.] 


Ckairmaii.—TSx.  J.  E.  Mair. 
Sawfary,— Prof.  F.  F.  Kendall 
Professor  T.  Q.  Bonnej,  Mr.  0.  B. 
De  Banoe,  Professor  W.  J.  Sollaa, 
Mr.  B.  H.  Tiddeman.  Her.  S.  K. 
Harrison,  Mr.  J.  Home, 
Dngald  Bell,  Hr.  F.  M.  BartoD, 
Mr.  J.  Lomaa,  Mt.  A.  B,  Dwerry- 
house,  Mr.  J.  W.  Btathar,  Mr. 
W.  T.  Tucker,  and  Mr.  F.  ^" 
Harmer. 


The  CoUeotion,  Preeerratlon,  and 
ftratunstio  Beg^tntton  of 
Fhotogtapfas  of  Geological  In- 


(7^(nit<a».~PiofeMor  J.  Gelkle. 
£ls<n-stary.— ProfeasorW.W.Watta. 
Profenor  T.  G.  Bonnej,  Dr.  T.  A 

deraoD,  and  Meem.  A.  9.  Beid, 

E.  J.  Garwood,  W.  Gray,  H.  8. 

Woodward,  B.  Eidfton,  J.  J. 

H.  TeaU,  J.  G.  Goodohild,  H. 

Coate*.  C.  V.  Orook,  G.  Bingley, 

and  B.  Welch. 


Chairaiat Hr  J.  B.  Marr. 

&orrta>-y.--Dr.  Wbeeltoa  Hind. 
Mr.  ?.  A.  Bather,  Mr.  G.  C.  Crick, 

Mr.  A.  H.  Fooid,  Mr.  H.  Tax, 

Mr.  E.  J.  Garwood,  Di.  O.  J. 

Elude,  Tmltmar  P.  F.  Eemdall. 

Mr.  J.  W.  Elrkby,  Hr.  JL  Eld. 

•ton,    Mr.   Q.    W.    Lun^nrii, 

Profeasor    G.   A.   Lebonr,    Mr. 

B.  N.  Peaob,  Mr.   A.  Btnl 

and  Dr.  H.  WoodwMd. 


The  Bzoaratlon  of  the  OMlferotu 
OaTCi  at  Uphill,  near  Weatoa- 
NVW-Man. 


ftairtuM.— FrofesBOi    0.   Uoyd 

Mo^an. 
iSwrstary.— Mr.  H.  BotttnL 
Profenor  W.  Boyd  DawUaa,  Hr. 

W.Jl.Baifcar,Mr.B.H.  Beynoldi, 
ud  Mr.  B.  T.  Newton. 


C^.ooglc 
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I.  SM$Mnff  Oramtt  ^  Money — oouUnned. 


Snt^Mt  for  I&inatlgation  oi  Pnipon 


The  moTsmenta  of  UndeTgronnd 

W&t«rs    of    Horth-west   Tork- 
Hhlie. 


To  ex^ore  Irish  Carei. 

[Collectians  to  be  placed  in  the 
Soience  and  Art  Museum,  Dub- 
lin.] 


To  enable  Mr.  H.  E.  Stewart  to 
work  at  the  Amielldi,  and  to 
aid  other  competent  inveati- 
gatoT,  to  carry  on  deSnite 
pieces  of  work  at  the  Zook^cal 
Btation  at  Naplei. 


To  enable  Hr,  B.  C.  Pnnnett  to 
continue  his  investigatioDs  on 
the  pelvic  plexus  of  Elasmo- 
branch  fishes,  and  to  enable 
other  competent  NatuialistB  to 
perfonn  definite  pieoea  of  work 
at  the  Marine  Laboratoiy, 
Plymouth. 


To  work  ont  the  details  of  the 
Observations  on  the  Migiatlon 
of  Birds  at  Lighthouses  and 
Lightships,  1880-87. 


Hemben  of  the  Committm 


ProfeMorW.W.Watts. 
Storetary. — Captain  A.S.  Dweny- 

Frofessor  A.  Smithetls,  Rev.  B. 
Jones.  Mr.  Walter  Monison, 
Mr.   G.   Bray,  Mr.   W.    Lower 

Carter,  Mr.  W.  Fairley,  Pro- 
feasor  P.  F.  EendaU,  and  Mr. 
J.  E.  MaiT. 

Cheirman.—'Dt.  R.  F.  Scharff. 
Secretary. — Mr.  B.  Lloyd  Praeger. 
Mr.  G.  CoSej,  Professor  Qrennlle 

Cole,  Dr.  Cannitigham,  Hr.  A. 

HcHenry,  and  Hr  B.  J.  Ussher. 

Chairman.— 'Piottwat      W.      A. 

Herdman. 

Secretary. — ProfessorG.B.  Howes. 

Profesear  B.  Bay  Lankester,  Pro- 
fessor W.  F,  R.  Weldon,  Pro- 
fessor S.  J.  Hickson,  Mr.  A. 
Sedgwick,  and  Professor  W.  C. 
Mcintosh. 

ChaimuM.—'ilLi.  G.  C.  Boume. 

Swrrtary.— Mr.  W.  Garstang. 

Professor  B.  Bay  Lankester, 
Professor  Sydney  H.  Vines,  Mr, 
A.  Sedgwick,  and  Professor  W. 
F.  K.  Weldon. 


Chairman. — Dr.  H.  Woodward. 
Seoretary.—lAi.  F.  A.  Bather. 
Dr.   P.  L.  Sclater,  Bev.  T.  B.  B. 

Stebbing,  Mr.  B.    McLachlan, 

and  Mr.  W.  B.  Hoyle. 

Cfti«rpuMi;~Profes9or  A.  Newton. 
Seerelary. — Hev.  B.  P.  Enubley. 
Mr.  John  A.  Haryie-Brown,  Mr. 

B.  M.  Barrington,  and  Mr.  A. 

H.  Etbiu. 

Cbairvia/n. — Dr.  Bcott  Eeltie. 
Seeretary. — Colonel  F.  Bailey. 
Mr.  Taoghan  Cornish,  Mr.  A.  B, 
Hunt,  and  Mr.  W.  H.  Wheeler. 

f^ifman.— Dr.  H,  B,  Mill. 
Seeretary. — Mr.  H.  N.  Dickson. 
Dr.  Scott  Eeltie,  and  Hr.  B.  T. 
Onnther. 

,  V,  Go  Ogle 


OOBUIITTEES  APPOINTED  BY   THE  GENERAL  COMMITTEE. 
I.  Beeeieing  Ortatt*  tf  Money— W«i\ixa»&. 


Sab^wt  Ua  Idtm^iUod  or  PnrpoM 


State     HoQOpoUea     In      other 

Ootutiiee. 
[Balaiwe  of  gnat  vaemea&tA, 

m.  13*.  (W.] 


[And  bal&nca  in  band.] 


To  c(i-opent«  with  the  tjilchester 
KsckTktioii  ITiuid  Committee  in 
theli  exploiBtioDB. 


To  oondoot  Ezplonitions  with  the 
ot^ect  of  uoertaining  the  age  of 
Stone  Oliolea. 

[Balance  In  hand.] 


Hemben  of  tha  GjmniittM 


Chairman. — Sir  Robert  Oiffsn, 

Seeretary.—'ii.-i.  H.  Higga. 

Mr.  W.  M .  AcwoTtb,  the  Rt.  Hon. 

L.  H.  Conrtna]'',  and  Prof eisor 

H.  B.  FoiwelL 


Chairman. — Mr.  B.  W.  BAbrook. 
Seeretary.—ilz.  A.  L.  Bowley. 
Professor    Edg^eworth,    Professor 

Smart.  FrofeMor  Flax.  Mr.  R.  J. 

Chapman,  Hr.  L.  L.  Price,  aod 

Hra.  J.  R.  MaoDonald 

Chaimiaii.—6a  W.  H.  Preece. 

Seeretary.—Mi.  W.  A.  Price. 

Ijord  Kelvin,  Sir  F.  J,  Bramwell, 
Sir  H.  Tmeman  Wood,  Maj.- 
Gen.  Webber,  Mr,  B.  E.  Cromp- 
ton,  Mr.  A.  Btroh,  Mr.  A.  Le 
Neve  Foster,  Mr.  C.  J.  Hewitt, 
Mr.  Q.  K,  B.  BlpbinttODe,  Col. 
Watkin,  Mr.  E.  Bigg,  Mr.  Vernon 
BojB,  and  Mr.  J.  M.  Gotham. 


Chairman.^  Sir  Alexander BInnie. 

Seeretary. — Professor  H.  B,  Hele 
Shaw. 

Mr.  W.  W.  Beanmont,  Sir  D.  Snlo- 
mans,  Mr.  J.  Brown,  Mr,  H, 
Hnclaren,  Hr.  Aveling,  Mr,  W.  i 
H.  Wheeler,  and  Proteasor  T. 
Hadaou  Beare. 

CiatTman. — Mr.  A-  J.  Evans. 

"  "r.  John  L.  Hfres. 
E.  W.  BrabTook, 


CAaiTiiuKi. — Professor  D.  P.  Pen- 

Sanretary. — Dr,  George  Bawson. 

Hr.  E.  W.  Brabrook,  Professor 
A.  C.  Hoddon,  Hr.  E.  8.  Hart- 
land.  Sir  J.  G.  Bonrinot,  Ur.  B. 
Suite,  Mr.  C.  Hill-Toat,  Mr. 
David  B<^le,  Hr.  0.  N.  Bell, 
Profenor  B.  B.  Tylor,  Professor 
J.  Havor,  Hr,  C.  F.  Honter, 
and  Dr.  W.  F,  Ganong. 

CAofreMN.— Dr.  J.  Q,  Garaon. 

8ter€tarf.—lii.  H.  Balfonr. 

Sir  John  Enua,  Mr.  a  H.  Bea 
Professor  Heldola,   Hr.   A.   J. 
Evana,    Dr.    K    Mnnra,    and 
Profeaaor  Bojd-Dawkins. 


,glc 


-1900. 

1.  Seeeiving  QtwrU  ef  Mone^ — oontinned. 


Satfjcct  for  Javagtlgfttlon  or  ForpOM 


Membert  of  tbe  Cammitt«a 


Tbe  CoUection,  FreBsrvatlon,  and 
S7«tematio  EtogifltratioQ  of  Pbo- 
tognphB  of  Anthiopologicftl 
Inteieat. 

hand.] 


The  Present  State  of  Anthropo- 
logical T««chiag  in  tbe  United 
^Dgdom  and  Eltewheie. 


To  oondnct  Ezploratiotu  in  Crete. 


The  Physiological  ESecta  of  Fep- 
tooe  and  its  PrecmrsoTt  wheo 
introdnoed  Into  the  oiioolstlon. 


The  ChemiBti;  of  Bone  Marrow. 


Fertilisation  In  Pbteophyceaa. 


Correaponding  Sooietlea  Com- 
mitte*  for  the  prapanition  of 
their  Beport. 


Citdfa-man.— Mr.  0.  H.  Bead. 

Steretttry. — Mr.  J.  L.  Myree. 

Dr.  J.  a.  Oaraon.Mr.  B.  Ling  Both, 
Mr.  H.  Balfour,  Mr.  E.  8.  Hart- 
land,  and  Professor  Flinden 
Petri  e. 

^airman.— Prof eesor  E.  B.Tjlor. 
Secretary.— Mz.  H.  Ling  Both. 
Profesaor  A.  Maoalister,  Professor 

A.  C.  Haddon,  Mr.  C.  H.  Bead, 
Mr.  n.  Balfonr,  Mr.  F.  W. 
Rudler,  Dr.  R.  Monro,  and  Pro- 
fessor Flinden  Petiie. 

Ciairman. — Sir  John  Evans. 

Secretary,— Ht.  J.  L,  Mjres. 

Mr.  A.  j.  Evans,  Mr.  D.  J.  G.  Ho- 
garth, Professor  A,  Maoalister, 
and  Froteasor  W.  Eidgeway. 

ChtUrman.  —  Professor     E.     , 

Schater. 
Secretary.   —   Professor    W.     1 

Thompson. 
Professor  B.  Boyce  and  Professor 

C.  8.  Bhenington. 

Chairman.  —  Professor     E. 

SchUar. 

Secretary.— Ut.  W.  B.  Hatrchison. 
Dr.  Leonvd  Hill  and  Professor  7. 

Gotch. 

Chaiman. — Professor  B.  I 
Starling. 

Secretary — Mr.  Swale  Vincent. 

Mr.  Victor  Horstey. 

CKairman.  — Prof essor  J.B.  Eanner. 

&oreteTy.~Profes8orB  W.Phillips. 

Professor  F.  O.  Bower,  and  Pro- 
fessor Harvey  Qibson. 

CXtfirnuMt.— Prof.  MaiBhall  Ward. 

Secretarj/.—Prot.  3.  B.  Farmer. 

Professor  F.  O.  Bowei. 

CAairvian.—JSi.  W.  Whltafcor. 
Secretary.— Ki.  T.  V.  Holmes 
Mr.  Prands  Qalton,  Professor  B. 
Meldola,  Dr.  J.  O.  Garson,  Sir 
John  Evans,  Mr,  J.  Hopkiuson, 
Professor  T.  G.  Bonney,  Sit 
Cnthbert  S.  Peek,  Mr.  Horace 
T.  Brown.  Bev.  J.  0.  Bevan, 
ProfMsor  W.  W.  Watts,  Rev.  T. 

B.  B.  Stebhing,  Mr.  C.  H.  Bead, 
and  Mr.  F.  W.  Rudlw. 


COHUITTEES  AFPOINTED  BY   THE  GENERAL  COIdMITTEE, 
2.  Not  rKxiving  Orantt  of  Money. 


Snbjaet  for  InTMUgatloa  or  Pnfpou 


Mtmban  of  th»  CominlttM 


Cltairman.-~PTofmaota.  F.FiUOerald. 
Sferftary. -~Kr.  W.  B.  Tbrifl. 
ProtMBOi  A.  SohnoUr,  FrofcMor  0.  J. 

Lodge,  Profeuor  B.  F.  Thompooii,  Di. 

Oerald  Molloj,  and  Dr.  W.  E.   Ad«- 


To     eatabluh    a    Ueteorologlcal    Ob-     Chairma*. —  ProfesMv  H.  L.  ColloDdai. 
tervatoi;  on  Mount  BoTal,  MoDtresl.  r  Seorttarf. — Profenoi  0.  H.  McLeod. 

I  ProfMsot    F.    Adams,  and  Mr.  R.  F. 


I 
For    cslealAting    Tables    at    certain  :  Chairman. — Lord  KeWiu. 


Hathematical  Functions,  and, 
Decenary,  for  taking  steps  to  cairj' 
cat  the  C^onlationa,  and  to  publish 
the  resnlta  in  an  aooessible  form. 


Co-operating  with  the  Scottish  Ueteoro- 
logical  Society  in  making  HeteoTO- 
logical  Obserrations  on  Ben  Mevli. 


Beeretary.  —  Ueut.-Colonel   Allan  Con- 

ningham. 
Dr.  J.   W.  L.  Qlaisher,  Professor  A.  Q. 

OreenhlU,  Ftofeewr    W.   M.    Hiofcs, 

Hejor  P.  A.  MaoMsbon,  and  Professor 

A.  Lodge. 


ChairBum. — Lord  Moldren. 
Seeretoiy.—'Ptaleieoi  Onim  Brown. 
Sir  John  Hurray,  Dr.  A.  Bncban,  and 
Frolesaor  B.Capeland. 

tffctirma*.— Professor  W.  Q.  Adams, 

Amvtory.— Dr.  0.  Cbree. 

Lord  EeMn,  Professor  Q.  H,  Darwin, 
Professor  G.  Chryttol,  Profeseor  A. 
Sofaaster.  Capt«!n  B.  W.  Creak,  the 
Aatrononwr  Royal,  Mr.  William  EUla, 
and  Professor  A.  W.  Bilcker. 


Tba  Bat«  of  Inerease  of  tJadergronnd 
TemperatnTS  downwards  in  vaiions 
Looallties  of  Dry  Land  and  under 
Water. 


-Piofesaor  J.  D.  Everett. 
Sforetarj/. — Professor  J.  D.  Everett 
Lord  Kelvin,  Sir  Aruhibald  Geikie,  Mr. 
James  Qlaisher,  Protesaor  Edward 
Hull,  Dr.  C.  Le  Neve  Poster,  PrufeMor 
A.  S.  Herschel,  Professor  Q.  A.  Labour, 
Mr.  A.  B.  Wynne,  Mr.  W.  Gallovray, 
Mr,  Joseph  Diokioson,  Mr.  O 
Deacon,  Mr.  S.  Wetbered,  Mr. 
Strahan,  Professor  Uiohie  Smith,  and 
Professor  H.  L.  Callendar. 

CODstderlng  the  best  Methods  of  Re-      Chairman.— Dr.  Q.  Johnstone  Stonej. 
cording  Uie  Direct  Intensity  of  Solar     Secrctary.-^T^fesaar  H.  MoLeod. 
"-'■■—'--  '  Sir  a.  Q.  Stokes,  Professor  A-  Bohurter, 

Sir  H.  E.  Boscoe,  Oapt^u  &ii  W.  de 
W.  Abn«,  Dr.  C.  Chree,  Frofeeaoi 
Q.  F.  IlUQenld,  ProfeeBOr  F 
Callendar,  Mr.  W.  B.  Wllaon,  and 
Ur.  A.  A.  Bambant;  ,  .  , 


REPOET— 1900, 
S.  Ifot  raoaimng  BranU  ^  JToMy— continoad. 


Satgect  Ua  InTOdgtlioa  or  Parprao 

That  UiH  Hardcaatia  be  reqnetted  b 
draw  np  a  Report  on  the  presen 
state  of  the  Iheory  of  Point -Qronps. 

The  Nature  of  Alloyi. 


Hnbui  of  the  CooimittM 


-Mr.   F.   H. 


.OdimaH.— Professor  H.  UcLeod. 
Seoretary.—^Kt  W.  C.  KobeTts-A.iisten, 
Mr.  H.  O.  Hadan  and  Ut.  D.  H.  ZTageL 

(^uivnnem.—Tyi.  J.  H.  QUdstone. 
Seeretarji. — Profenor  H.  E.  Aimstrong.  i 
Lord  Avebnry,  Hr,  Gso^e  Ql«dat«sie, 
Ut.  W.  B.  DoiutMi.  Sir  Philip  f 
Hagnm,  Sir  H.  R.  Bo«coe,  Dr.  8U-  ' 
vanne  P.  Thompsoo,  and  PrQfeas«>r  A.  I 
Smithelli. 


That  Mr.  Alfred  Harker  be  requested  to 
prepare  a  Report  od  the  constitution 
of  Igneous  and  Metamotphio  Boclis. 

Isomeric  Naphthalene  DerivatiTes. 


To  contider  the  best  Methods  for  the      £^UinMn.~Dr.  H.  Woodward. 
H^sttation  of  all  Type  Specimens     Seeretary.—KT.  A.  Smith  Woodward, 
of  Fonils  la  the  British  Isles,  and     Bev.  3.  F.Wbidboine,  Mr.  B.EidatiHi,  Pro- 
report  on  the  same.  ;       feasor  H.  G,  Beelejr,  Mr.  H.  Woods,  and 
Eev.  J.  F.  Blake. 

Chairman. — Professor  A.  P.  Coleman. 

Seerftary.—iti.  Parks. 

Professor  A.  B.  Willmott,  Profesaor  F. 
D.  Adams,  Mr.  J.  B.  TTrrell,  and 
Professor  W.  W.  Watts. 


The  CoUectioD,  PreserratJOD,  and  Sys- 
tematic Registration  of  Canadian 
Photographs  of  Geolt^cal  Interest. 


To  report  npon  the  Present  State  of 
onr  Enowtedge  of  the  Strncture  of 
<>7stals. 


I  the  Conditions  under  which 
remains  of  the  Irial)  Elk  are  found 
in  the  Isle  of  Uan. 


The  Periodic  Investigation  of  the 
Plankton  and  Physic^  Conditions  of 
the  EDgUsh  Channel. 


CAatranrt.— Professor  N.  Stor^  Uaske- 

Sferetaru.—ProteaKT  H.  A.  Miers. 

Mr.  L  fietcher,  Professor  W.  J.  Sollas,  i 
Mr,  W.  Barlow,  Mr.  O.  F.  H.  Smith, 
and  the  Earl  of  Berkeley.  ' 

C*«irm*it.— Profeasor    W.  Boyd   Daw-  I 

Seoretary.—Vir.  P.  M.  C.  Eermode. 
Mr.   Q.   W.   Lamptogh,    Canon     E.   B. 
Savage,  and  Bev.  B.  N.  Harrison. 

Chairman. — Professor  S.  Bay  Lankester. 
Beeretary. — Mr,  Walt«r  QarsUuig. 
Professor  W.  A.  Heidman,  and  Hr.  H.  H. 
Diokaon.  J 

I      ,  .C.oogic 


COUMnTEES  APPOINTED  BY  THE  OEIfEEAL  COMMITTEE. 


2.  JVM  rterieifig  OraiUi  qf  JTim^y— continued. 


Sobject  for  luTeatigatJon 


I  To  Gontinne  the  inTestigatloD  of  the 
I       Zoology  of   the    Sandwich   Islands, 
I       with  power  to  co-operate  with  the 
Committee  appointed  for  the  purpose 
'      by  the  Boyal   Societj,  and   b>  avail 
themselTea  of  imch  assistance  In  their 
inTestigatioiiB  as  may  be  offered  by 
the    Hawaiian    Qovemment   or   the 
Trustees  of  the  Moseum  atHoDOlslu. 
The  Committee  to  have  power  to  dis- 
pose of  specimens  where  advisable. 

To  investigate  the  Btroctate,  formation, 
and  growth  of  the  Coral  Beefi  of  the 
Indian  Region,  with  special  observa- 
tions on  the  inter-reUtionship  of  the 
reef  organisms,  the  depths  at  which 
they  grow,  the  food  of  corals,  effects 
of  ourrentHand  character  of  the  ocean 
bottom,  Jic.  The  land  Sora  nnd  fauna 
will  be  collected,  and  it  is  intended 
I  that  observations  shall  be  made  on 
I  the  manners,  to.,  of  the  natives  in 
the  different   parts  of   the   Ualdive 


Members  of  the  Committee. 

CAairmtm, — Professor  A.  Newton. 

Secretary. — Dr.  David  Sbaip. 

Dr.   W.  T.  Blanford,  Professor    8- 

Hickaon,  Dr.    P.   L.    Bdater,   Mr. 

Du  Cane    Godman,  and  Mr.    Bdgar 

A.  Smitb. 


1  . 


duUmian.—Hi.  A.  Sedgwick. 
Secretary. — J.  Graham  Kerr. 
Professor  J.  W.  Jndd,  Mr.  J.  J.  lister, 
and  Ur.  B,  F.  Harmer. 


I  To  promote  the  Systematic  Collection 
I       of  PhotOKiaphic  and  other  Records 
of  Pedigree  Stock. 

Climatolog;  of  Tropical  Africa. 


.   The  Lake  Village  at  Qbstonbui?. 


The  Micro- chemistry  of  Cell^. 


Ckainnan. — Mr.  B.  Q,  Eavenstein. 
5MM(<ify-— Mr.  H.  N.  Dickson. 
Sir  John  Kirk  and  Dr.  B.  K.  Mill. 

Chairman,— Sir  T.  H.  Holdich. 
SteretoTi/. — H.  N.  Dickson. 
Col.  Sir  ff.  Everett,  Col.  D.  A.  John- 
on,  and  E.  G.  Bavenstein. 

Chairman. — Mr.  C.  H.  Bead. 
Stcretary. — Mr.  W.  Crooke. 
Profet-Bor   A.    Macalieter,  and  Professor 
W.  Kidgeway. 

Chairman. — Dr.  R.  Mnaro. 
SKM-rtary.— Mr.  A.  BolleJd. 
Professor  W.  Boyd  Dawkins,  Sir  John 

Evans.  Mr,  Arthur  J.  Evans,  and  Mr. 

C.  H.  Read. 

CAotrman.— Professor  E.  A.  Schafer. 

Secretary. — Professor  A.  B.  Macallnm. 

I^fesBor  B.  Bay  Laukester,  Professor 
W.  D.  HambnrtoD.  Mr.  G.  C.  Boame, 
and  Professor  J.  J.  Mackenzie. 


o<^lc 


xdvi  RePobt— 1900. 

Communicaliont  ordered  to  be  printed  in  exteoso. 
The  Beport  on  the  Chemical  Oomponnds  oontalnad  in  Alloy*,  hy  F.  H.  HeTllIe, 
F.B.8. 

The  Report  t>: 
The  Paper  on 

AUertUion  of  the  Tide  <tfa  Section. 
That  the  title  of  Section  O  be  altered  from  ■  Hedunloftl  Sdenoe '  to '  BoglneeTlng.' 

Women  to  be  eligihlefor  admisaion  to  Committeet. 


ReeolvHont  referred  to  the  Council  Jor  contidenUion,  and  action 
if  desirable. 

That  In  connection  with  the  BcBOlation  relating  to  the  admission  of  women  to 
Committee*,  as  well  as  on  general  gronnda,  the  Oonnoll  be  regneated  to  rwanalder 
the  present  mode  of  electlDg  membera  of  Sectional  Committeea. 


n,gti7cdT:G00glc 


SVII0PSI9   0^  QRANTS   OF  MOSEf.  XCTU 

SyiK^sit  of  Orxmts  of  Money  appropriated  to  Stieniifie  Fvrposea  by  tko 
Omerat  Committee  at  the  Bradford  Meeting,  Septemher,  1900.  The 
Namea  of  the  Memhert  entitled  to  call  on  the  Qemral  Treaevrer 
for  the  retpeetive  Qra/n.t$  are  prefwxd. 

MathemaAet  and  Phutiea. 

£  I.  d. 

'Bavleisli,  Lord — Electrical  Staudarda  (balance  in  liand  and)     46  0     0 

*Jndd,  Proteasor  J.  W.— Seimnolc^ca]  Obserrationi 75  0     0 

•Rucker,  Frofessor  A.  W. — Magnetic  Force  on  boaid  Ship 

(renewed)     10  0    0 

Chemiatry. 

•Hutley,  Professor  W.  N Relation  between  Absorption 

Spectoa  and  Constitntion  of  Organic  Substances  (£6  8a.  9d. 

in  band)    — 

•RoKjoe,  Sir  H.  K— Wave-length  Tables    5     0    0 

*MierB,  Professor  H.  A. — Isomorphoos  Solphonio  DeriTatives 

35     0     0 


*Harr,  Mr.  J.  £.— Erratic  Blocks  (£6  in  bond) — 

"Qeikie,    Professor  J. — Photographs  of   Oeological   Interest 

(^lOinhand)  - 

*Marr,  Mr.  J.  E. — Life-zones  in  British  Carboniferous  Rooks  20 
'Lloyd- Morgan,  Professor  C. — Ossiferoua  Caves  at  TTphill 

(renewed) 6 

•Watts,  Professor  W.  W.— tJnde^round  Water  of  NorUi- 

west  Yorkdiire    „ 60 

*8cbArff,  Dr. — Exploration  of  Irish  Caves  (renewedi) 16 

Zoology, 
•Hei-dman,  IProfesaor  W.  A.— Table  at  the  Zocdoglcal  Station, 

Naples  100 

•Bourne,  Mr.   O.   C— Table  at  the  Biological  laboratory, 

Plymouth     20 

•Woodward,  Dr.    H. — Index    Qenerum   et  Speciemm  Ani- 


•Newton,  Professor  A.— Migration  of  Birds 10    0    0 

OeograpKy. 

Kdtie,  Dr.  J.  Scott— Terrestrial  Surtice  Waves 5    0    0 

Mill,  Dr.  H.  R.— Changes  of  I^nd-leTel  in  the  Phlegnean 

Fields    50    0    0 

BeonoTmc  Science  and  Statiatics. 
*Oi£(bn,    Sir   R.— State    Monopolies    in    other    Countries 

(£13  13*.  6d.  in  hand)   — 

Brabrook,  E.  W. — Legislation  regulating  Women's  Labour    16    0    0 

Carried  forward    «...  636    0    0 

•  BflBreointed.  C.QOglc 
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£     t.  d. 
forward    635    0    0 

Mechanical  Science. 
•Preece,  Sir  W.  H. — Small  Screw  Gauge  (balance  io  hand  and)     45    0    0 
Binme,  Sir  A. — Resistance  of  Road  Vehicles  to  Traction   ...     75     0     0 

AntKnpology. 

•Evans,  Hr..A.  J.— Silohe§t«r  Eicavation    10     0     0 

*Penliallow,  Professor  D.  P.— Ethnological  Survey  of  Canada  30     0     0 

•Garson,  Dr.  J.  G. — Age  of  Stone  Circles  (balance  in  hand)...  — 
•Read,  Mr.  C.  H. — Photographs  of  Anthropological  Interest 

(£10  in  hand)  — 

•Tylor,  Professor  E.  B.— Anthropological  Teaching 5     0     0 

Evans,  Sir  John — Exploration  in  Crete     145     0     0 

PAyMofojry. 

•Schafer,  Professor  E.  A.— Physiological  Effects  of  Peptone...    30    0    0 

Schafer,  Professor  E.  A. — Chemistry  of  Bone  Marrow    15     0     0 

Starling,  Professor  E.  H. — Suprarenal  Capsules  in  the  Babbit       5     0     0 

£olany. 

•Parmer,  Professor  J.  B. — Fertilisation  in  Fbeeophycete    15    0    0 

Marshall  Ward,  Professor — Morphology,  Ecology,  and  Taxo- 
nomy of  Podostemacete 20    0    0 

Corresponding  Sosietiee, 

•Whitaker,  Mr.  W.— Preparation  of  Report  15    0    0 

^945    0~~Q 
•  Beappoluteil. 


TIte  Annual  Meeting  in  1901. 

The  Ammal  Meeting  of  the  Association  in   1901  will  be  held  at 
Glasgow,  commencing  on  September  11. 

The  Annual  Meeting  in  1902. 
The  Annual  Meeting  of  the  Association  in  1902  will  he  held  at 
Belfast. 
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GENERAL  STATEMENT. 


Omerat  Statemmt  of  Svma  whick  have  bem  paid  on  ocooutU  of 
Qrwnta  for  Seientijic  Purpoees 


Tide  Di»CMdoiu  ^0^^ 

1B36. 

ndeDlKDsBlon 82    0 

British  FomU  Ichftyology  ■■■  IPS    Q 


Tide  DtecDMions   163    0  0 

BritiBh  FoBBil  Ichthyology  ...  105    0  0 
Themometrio    ObaerrMions, 

Ice.    MOO 

Experimenta    on    Long-oon- 

tlouedHeat    IT     1  0 

Rain-gaDKee   9  13  0 

RcCnction  Experiments  IS    0  0 

Lnnar  Nutation 60    0  0 

Thennometers   IS     S  0 

£435    0  0 

1837. 

Tide  DiKMwsioM   28*    1  0 

Chemical  Constants  21  13  6 

Limai  Natation 70    0  0 

Oburrationa  on  Waves    100  12  0 

Tides  ftt  Bristol 160    0  0 

MeteoTologj    and     Bobterra- 

nean  Tempenttnre 93    S  0 

TttrificatioD  Sxperlmenta    ...  ISO    0  0 

Baait  Experiments  S    4  6 

Bainmetric  Observatioits 30    0  0 

Barometera 11  18  6 

£922  12  '6 

183S. 

Title  Discussions    29    0  0 

British  fossi!  FUhes 100    0  0 

Meteorological     OtmervationB 

and  Anemometer  ( const TDO- 

tlon)    100    0  0 

Cast  Iron  (Strength  ot)    60    0  0 

Animal  and   Vegeiable  Sub- 

•tancea  (FreBervalioD  of) ...  19     1  10 

EaUway  ConatanU    41   12  10 

Bristol  Tides BO    0  0 

Growth  of  Plants  7')    0  0 

Mud  in  Rivera .16  6 

EdacatiOD  Committee  CO    0  0 

Heart  Bzperimetits  5    3  0 

Laud  and  Sea  Level 267    8  7 

St«Bm-vesMls 100    0  0 

ilet«on>bgical  Committee  ...  31    0 B 

,eS32     2  2 


1S39. 

£    t.   « 

Fossil  Ichthyology    110    0    ' 

Meteorological    Observations 

at  Plymouth,  fto 88  10    ' 

Heohaniam  of  Waves  It*    2    i 

Bristol  Tides SS  IS 

Meteorolc^    and    Babterra- 

nean  Tempeiattiie 3111 

Titrifioation  Experimenta   ...      9     4' 

Cait-iian  Experiments 109    0 

Railway  Constanta    SS     7    ' 

Land  and  Bea  Level 271    I 

Steam- vessels' Eoelnes     100    0 

Stars  in  Hiatoire  CAleste 171  18 

Stars  in  Lacaille   II    0 

Stars  in  R.A.B.  Catalogue    ...166  16 

Animal  Secretions 10  10 

Steam  En^nes  in  Cornwall...     60    0 

Atmoapherio  Air    16    1 

Cast  and  Wioag-bt  Iron    10    0 

Heat  on  Oi^nic  Bodiea  8    0 

Oases  on  Solar  Spectrum 22    0 

Hourly    Meteorological    Ob- 
servations,  Inverness   and 

Kingussie   19    7 

Fossil  Reptiles  IIB    U 

Mining  Statistics  60    0 

^1696  II 


1810. 

Bristol  Tides  100    0  0 

Subterranean  Temperature  ...     13  13  6 

Heart  Experiments   IS  19  0 

Lnnga  Experiments  8  13  0 

Tide  DiscussioDB   60    0  0 

Land  and  Sea  hevel 6  11  I 

Stars  (Histoire  Celeste)   212  10  0 

Stara  (Lacaille) 1  16  0 

Sters  (Catalogs) 261  0  0 

Atmospheric  Air    16  16  0 

Water  on  Iron    10    0  0 

Heat  on  Organic  Bodies  7  0  0 

Mcltoroli^cal  Ubeervations.    62  17  6 

ForeiKii  Scientitic  Memoirs...  113     1  6 

Workin ft  Population 100    0  D 

School  Stalistice    60  0  0 

Forms  of  Vessels   181    7  0 

Chemical  and  Electrical  Phe- 
nomena         10    0  0 

Meteorological    Observations 

at  Plymouth  80    0  0 

Uagnetical  Observations 186  13  « 

21G4C  10  4 

n,g,t,7cdny  Google" 


£    $.  d. 

ObBervationa  on  Waves    30    0  0 

UeteoTology   and     Smbterrs- 

nean  Tempemtuie 8    8  0 

Aotlnometers 10    0  0 

Eanhqnake  Bhooks   17    7  0 

Acrid  FoiaonB 6    0  0 

Veins  and  AbsorbentB  3    0  0 

MndinBlvers    5    0  0 

Uarine  Zoolog7 IB  12  8 

Skeleton  Hap*  20    0  0 

Honatkin  Barometera  6  IS  6 

Stua  (Hiatoire  Oelette)    18G    0  0 

Btara  (Laoaille) 79    6  0 

Stars  (Nomenolature  of) 17  19  6 

Staw  (Catalogue  of ) 40    0  0 

Water  on  Iron    60    0  0 

Heteorol(^cal    ObserratioDB 

atlnverneas  20    0  0 

Ueteorological    ObserTations 

(rodocUonoI)    26    0  0 

FoBMlBepUles  50    0  0 

Korei^  Hemoln  62    0  6 

B^wa?  Bectiona  38     1  0 

Forms  of  VaaselB 1B3  12  0 

Meteorological    Obserrations 

atPlymoath   66    0  0 

Uagnetical  ObBervBtions 61  18  8 

Fjflbefi  of  the  Old  Bed  Sand- 

Btona    100    0  0 

Tides  at*  Leith    60    0  0 

Anemometerat  Edinboigh...     69    1  10 

Tabolating  ObservstioDB 9    6  3 

Baces  of  Men. 

Us   ___^ 

/1235  10 


1842. 

Xlynamometric  Instnunent*  ■ .  1 13 

Anoplnra  Britannia 62 

Tldw  at  Bristol 69 

Gbms  on  Light  80 

Chronometers 26 

Marine  Zoology 1 

British  Fossil  Mammftlis 100 

Statisticaof  Bduoation 20 

Marine     Btaam-veBsels'     En- 
gines      28 

Stare  (Histoire  C61e8t«)   69 

Stars  (Brit.  Assoc.  Cat.  of)  ...  110 

Bidliiay  Sections  161 

British  Belemnites    60 

Fossil    Beptiles  (poblication 

of  Eepoit) 210 

Forms  of  Vessels  180 

Qalvenio      Bxpenments     on 

Boefcs  6 

Heteorologioal     Kiperiments 

at  Plymonth   68 

Constant  iDdicator  and  Dyna- 

■nometric  Iimttuments 90 


Force  of  Wind  

Light  on  Growth  of  Seeds  ... 

Vital  Statistics  

Vegetative  Power  of  Seeds  ... 
Qnestions  oo  Homan  Baee  ... 


1843. 

BevisioD  of  the  Komenclatnre 
ofStars  8    0    0 

Beduction  of  Stars,  British 
Association  Catalogue 26    0    0 

Anomaloas    Titles,    Firth   of 

Forth  120    0    0 

Eoorl;  Het^orological  Obser* 
vations  at  Eingossie  and 
Inverness    77  12    8 

Meteorological  Observations 
at  Plymouth   Bfi    0    0 

WheweU's  Meteorological  Ane- 
mometer at  Plymoath 10    0    0 

Meteorological  Observations, 
Osier's  Anemometer  at  Ply- 
mouth      20    0    0 

Bednotion  of  Meteorological 

Observations 80    0    0 

Meteorological  Instmments 
and  Gratnities   89    6    0 

Construction  of  Anemometer 
atlnvemesB    66  12    8 

Magnetic  Co-oporation 10    8  10 

Meteorological   Becoider   for 

Kew  Observatotj  BO    0    0 

Action  of  Oases  on  Light 18  16    I 

Est^lishment  at  Kew  Ob- 
servatory, Wages,  Repairs, 
Fnmiture,  and  Sandries  ...  133    4    7 

Kxpariments  by  Captive  Bal- 
looES    81    8    0 

Oxidation    of    the    Rails   of 

Eailways_ 20    0    0 

Publication     of    Report    on 

FoBsil  Beptiles  40    0    0 

Coloured  Drawings  oC  Bail- 
way  Sections 1*7  18     3 

Bcgi.'itTation  of  Earthquake 
Sbocka 30    0    0 

Report  on  Zoological  Nomen 
clature 10    0    0 

Uncovering  Lower  Bed  Band- 
stone  near  Manchester 4    4     6 

Vegetative  Power  of  Seeds...       6    8    8 

Marine  TsMtacea  (Habits of).     10    0    0 

Marine  Zoology 10    0    0 

Marine  Zool<%y 2  14  11 

Preparation  of  Eeport  on  Bri- 
tish Fossil  Mammalia   100    0    0 

Pbysiolt^cal  Opeiations  of 
Medicinal  Agents 20    0    0 

Vital  Statistics 86    5    8 


QEHERAL  BTATSUENT. 


£    t.    d. 

Addition  b1    ExperimeDta    on 

the  Forma  of  VesseU    TO    0    0 

Additional    Bxperimenta   oa 

the  ForniB  of  YesseU     100    0    0 

Reduction  of  Kiperimenta  on 

the  PormB  of  Vessels    100    0    0 

Morin's  InstniineQt  and  Con- 
stat Indicator  69  14  10 

Bxperimenta  on  the  Strength 

ofMat«iiali 60    0    0 

£1565   10     2 

1844. 
Ueleorological    Observations 

at  Kingnssie  and  Inverness     12    0    0 
Completing   Observations   at 

Plymoatti    '   35    0    0 

Uagnetic  and  UeteoroLogical 

Co-operation 26     8     1 

Publication   of    the    British 
Aasooiotion    Catalogue    of 

Stan    35    0    0 

Observations  on  Tide*  on  the 

East  Coast  of  Scotland    ...  100    0    0 
BevisioQ  of  the  Nomenclature 

of8t»is   1842      3    9     6 

UoiatainiDg    the    Establish- 
ment   at    Kew    ObseTva- 

bory 117  17     3 

Instxuments  foi  Sew  Obsei- 

Yotory B6    7    8 

InSnence  of  Light  on  Plants      10    0    0 
fiubteiraneona     Temperature 

inlreland   COO 

Coloured  Drawings  of  Bail- 
way  Sections 16  17     6 

loTestigation  of  Fossil  Fishes 

of  theLower  Tertiary  Strata  100    0    0 
Bc^istATing    the    Shoclca   of 

Bortbquakes IBJa    23  11  10 

StmctUTe  of  Fossil  Bhells   ...     20    0    0 
Badiata  and  Hollusca  of  the 

^gean  and  Bed  Seas  1842  100    0    0 
Geogr^hical  Distributions  of 

Marine  Zoology 1B42      0  10    0 

Marine  Zoolt^yof  Devon  and 

ComwaU 10    0    0 

Haiiiie  Zoology  of  Corfu 10    0    0 

Bxperimenta  on  the  Vitality 

of  Seeds 9    0 

Biperimenta  on  the  Vitality 

of  Be«ds 1842      6    7 

Bzotio  AnopLura    IB    0 

Strength  of  Materials 100    0 

Completing   Experiments  on 

the  Forma  of  Ships  100    0 

Inquiries  into  Asphyxia  10    0 

Investigations  on  the  Internal 

Constitution  of  Metals 60    0 

ConstADt  Indicator  and   Mo- 
iln's  Inatnunent    1843    10    0 

^81   12 


1846. 


Publication  of  the  British  As- 

BociationCatalogaaof  Stars  3G1  14  S 
Meteorological    Observations 

at  Inverness   30  18  11 

Magnetic  and  Meteorological 

Co-opeiation  IS  IS    8 

Uet«orolc^cal     Instruments 

atEdinborgh 18  11    9 

Eedaotion  of  Anemometrical 

Observations  at  Plymouth  26  0  0 
Electrical     Eiperimenta     at 

Kew  Observatory 43  IT    B 

Maintaining    the    Establlih- 

ment  at  Kew  Observatory  149  16  0 
For  Kreil's  Barometrograi^  36  0  0 
Qosea  from  Iron  Furnaces...     60    6    0 

The  Actinograph   16    0    0 

HicroMXipio      Structure      of 

Shails  20    0    0 

Exotic  Anoplura    1B49    10    0    0 

Vitality  of  Se«ds   1843      3    0    7 

Vitality  of  Seeds   1844      TOO 

Marine  Zoology  of  Cramwall  .  10  0  0 
Physiological  Action  of  Hedi- 

oines    20    0    0 

Statistics  of    Sickness  and 

Mortality  In  York WOO 

EarUiquaka  Shocks  1843    16  14    8 

£891     9     e 


1840. 

British  Association  Catalogue 

of  Stars   1844  311  16  0 

Fossil  Fishes  of  the  London 

Clay 100  0  0 

Computation  of  the  Qaossian 

Constants  for  1829    60    0  0 

Maintaining    the    Establish- 
ment at  Kew  Observatory  146  IS  T 

Strength  of  Materials  60  0  0 

Researches  in  Asphyxia  6  16  2 

Examination  of  Fossil  Shells  10  0  0 

Vitality  of  Seeds  1844  2  IE  10 

Vitality  of  Seeds  1846  7  13  8 

Marine  Zoology  of  Cornwall  10  0  0 

Marine  Zoology  of  Britain  ...  10  0  0 

Exotic  An  opluiB    1844  26  0  0 

Expenses  attending  Anemo- 
meters   II  7  6 

Anemometen'  Bepaln 3  3  0 

Atmospheric  Waves 8  3  B 

Captive  Balloons  ....1B44  8  19  8 

Tarieties  of  tbe  Human  Baoe 

1844  7  B  3 
Statistics   of    Sickness   and 

Mortality  in  York 12  0  0 


S  14    0 


BEPOKT — 1900. 


1847. 

£  *.  i. 
CorapnUtioii  of  the  Ganuian 

Constants  for  1829 60  0  0 

HabitAof  Marine  Animals  ...  10  0  0 
PhjaiDlogicBl  Aotion  of  Medi- 

einet   20  0  0 

Marine  Zoolog?  of  Cornwall      10  0  0 

Atmoapheric  Waves 6  »  S 

Tit«aitj  of  Seeds  *  7  7 

HaintaininfT  tbe  EatAbliah- 

mant  at  Sew  Observatoiy  JOT  _8_B 

£208"   5  4 

1818. 
Ubintaicing   the  Bstabllah- 

ment  at  Eew  Obaervator;    171  15  11 

Atmospheric  Wavea 3  10  9 

Vitality  of  Seeds  9  IS  0 

Oompletioa  of  Catalogne  of 

Stare    TO    0  0 

On  Colouring  Hatten  6    0  0 

On  Orowth  of  Plants    -ly^^^ 

f27"6     1     8 

1849. 
Electrical    Observations    at 

Kew  Observatory BO    0    0 

Uaint&inini;   the    Sstablish- 

ment  at  ditto 76    2    5 

Vitality  of  Seeds 6    8     1 

On  Qrowth  of  Plants    6    0    0 

B^stration    of     Periodical 

Fbenomena 10    0    0 

Bill  on  Account  of   Anemo- 

metrical  ObserTations 13    9    0 


1860. 
UiUDtaining    the    GBlabliitli- 

ment  at  Eew  Observatory    266  18    0 
Transit  of  Borthquake  Waves    60    0    0 

Periodical  Phenomena 15    0    0 

Meteorological    Instruments, 

Aiores 25    0    0 

£346  18    0 

18S1. 
Haintaining    the   Bstabliih* 
ment  at  Eew  Observatory 

(inoludes  part  of  grant  in 

18*9)   309    2    2 

Theory  of  Heat 20     1     1 

Periodical  Phenomena  of  Ani- 
mals and  Plants 6    0    0 

Vitality  of  Seeds  6     6    4 

Inflaecoe  of  Solar  Kadiation      30    0    0 

Ethnologic*!  Inquiries 12    0    0 

Jt«searche«  on  Annelida  10    0_0 

£391~9    7 


18S2. 

i     i.i, 

M^ntairting  tbe  Establish- 
ment at  Eew  Observatory 
(including  balance  of  grant 
for  1860) 233  17 

Experiments  on  the  Conduc- 
tionof Heat   6    B 

loflnetxe  of  Solar  Radiations    20    0 

Geological  Map  of  Ireland  ...     16    0 

Beseaicbes  on  the  British  An- 
nelida      10    0 

Vitality  of  Seeds  10    6 

Strength  of  Boiler  Plates 10    0 

£804    6 

18G3. 

Maintaining  the  Establish- 
ment at  Kew  Observatory    166    0 

Bzperimenls  on  the  InSoence 

of  Solar  Radiation    IS    0    i 

Besearobee  on  the  British 
Annelida 10    0    ■ 

Dredging  on  tbe  East  Coast 
of  Sootbuid 10    0 

Ethnological  Queries  6_ 

£206 


0    0 


1864. 

Haintaiuing  tbe  Establish- 
ment at  Eew  Observatory 
(including  balance  of 
former  grant) 980  16    4 

Investigations  on  Flax 11    0    0 

Effects  of  Tempeiatore  on 
Wroughtlron 10    0    0 

Begistration     of     Periodical 

Phenomena 10    0    0 

British  Annelida  10    0    0 

Vitality  of  Seeds  6    3    3 

Conduction  of  Heat 420 


1866. 
Maintaining   the    Establish- 
ment at  Kew  Observatory    436  0  0 

Earthquake  Movements   10  0  0 

Phyaii^  Aspect  of  the  Moon      11  8  S 

Vitality  of  Seeds  10  7  11 

Map  of  the  World 16  0  0 

Ethnological  Queries  S  0  0 

Dredging  near  Belfast 4  0  0 

£480  16  4 

1866, 
Maintaining   tbe    Establish- 
ment   at  Kew     Observa- 


,  V,  Google 


GEKBRAL  STATEMENT. 


StrioUutd'a     Omitbolo^Okl 
Bjmmjme   100    0 

Dredging      and      Dredging 
Fomu 9  13 

Chemioftl  Action  of  Light   ...     SO    0 

ittrength  of  IiOD  FlAtei   10    0 

BegUtmtion     of     Periodical 

PheDomenm 10    0 

Fiopagiit.iou  of  Salmon 10_  0 

£T3t  13 


I8BT. 

Halntalniiig  the    EaUblisb- 

ment  at  Sew  Observatory    350    0 

Earthquake  Wave  Experi- 
meata  40    0 

Dredging  near  Belfast 10    0 

Dredging  on  the  West  Coast 
ofSootlaad 10    0 

Investigations  into  the  Mol- 

Inaca  of  California    10    0 

B^terimenta  on  Flax  5    0 

Hatnral  History  of  Mada- 
gascar     ao  0 

BMearchea  on  British  Anne- 
lida      25    0 

Beport  on  Natural  Prodacts 
lnuport«d  into  Liverpool  ...     10    0 

Aztiscial  Propagation  of  Sal- 
mon      10    0 

Tempeiatnie  of  Mioes 7    S    ' 

ThermometeiB  for  Subterra- 
nean Observations S    7 

Life-boaU  ■      B    0 

em7 15 


Uairttaining   tlie    EstAblish- 

ment  at  Kew  Observatorjr    600    0 
Karthqnake     Wave     Eqieii- 

ments 26    0 

Dredging  on  the  West  Coast 

ofSoodand 10    0 

Dredging  near  Dnblin 6    0 

Vitality  of  Seed    6    6 

Dredging  near  Belfast 18  13 

Beport  on  the  British  Anne- 
lida    as   0 

Ez^erimenta  on  the  prodno- 
tion  of  Heat  by  Motion  in 
Fluids 20    0 

Bepmt  on  the  Natural  I^- 
doots  Imported  into  Scot- 
land     10    0 

£61B  18 


Maintaining   the    Establish- 
ment at  £ew  Observatory 
Dredging  near  Dnblin 


Osteology  of  Birds    SO    0  0 

Irish  Tnnicat*   6    0  0 

Manoie  Ezpwimente  20    0  0 

BriUsh  Mednsidsa 6    0  0 

Dredging  Committee    6    0  0 

Steam -vessels' Ferfonnanoe...  5    0  0 
Marine  Fauna  of  South  and 

West  of  Ireland 10    0  0 

PhoiogT^io  Chemistry 10    0  0 

IdnarksliiTe  Fossils 20    0  1 

Balloon  Ascents ■  39  11  0 

iM84  11  1 

1860. 
Maintaining    the    Establish- 
ment at  Ken  Observatory    (00    0    0 

Dredgii^  near  Belfast 16    <•     0 

Dredging  in  Dnblin  Bay IS    0    0 

Inquiry  into  the  PerformanM 

of  Bteam-veeseli    121    0    0 

Ezploiations  in   the   Yellow 

Sandstone  of  Dura  Den    ..-    20    0    0 
Cbemioo-meohanlcal  Analysis 

of  Books  and  Minsrais 26    0    0 

Besewebes  on  the  Growth  of 

Plants 10    0    0 

Beeearohes  on  the  Solubility 

of  Salts  80    0    0 

Besearches  on  theConstitnen  ts 

of  Manures     26    0    0 

Balance  of  Captive  Balloon 

Accounts 1  18 $ 

£766  19~S 

18S1. 
Mtuntaining    the    Establish- 
ment atKew  Observatory..  500  0  0 

Earthquake  Experiments 26  0  0 

Dredging    North    and    East 

Coasts  of  Scotland    23  0  0 

Dredging  Committee : — 

I860 £60    0    0  \  ,a  ft  ft 

1861 £22    0    0/  ^^  "  O 

Excavations  at  Dnra  Den 20  0  0 

Solubility  of  Salts     20  0  0 

Steam- vessel Ferformance   ...  160  0  0 

Fossils  of  Lesmahagow  16  0  0 

Explorations  at  Drioonium ...  20  0  0 

Chemical  Alloys    20  0  0 

Classified  Index  to  the  Trans- 
actions   100  0  0 

Diedging  in  the  Mersey  and 

Dee 6  0  0 

Dip  Circle  SO  0  0 

Photoheliographic     Observa- 
tions      60  0  0 

Prison  Diet 20  0  0 

Qauging  of  Water 10  0  0 

Alpine  Ascents S  6  10 

Constituents  of  ManuiM 25  0  0 

fiill  5  10 


<■■,,  Google 


BEPOBT— 1000. 


1862. 


Haint^nlng    the    £at»bliRh- 

metit  at  Eew  Oboervitoty  600    ' 

FaUntLkwa   31 

Holloseaof  N.-W.  of  AmsriOK  10    ' 
Natural  History  by  Mercantile 

Harine    6 

Tidal  Obaervatloiu   SS    < 

PbotoheliomeUiT  at  Eew 40    ' 

niotogiapbio  Pictorea  of  the 

Bun ISO 

Bockaoi  Donegal 26    ' 

DredglllK  Dnrliam  and  NoTtti- 

umberluid  Coaste 36    ' 

CannectioiL  of  Storma  20    ' 

Dredging   North-eaet    Coast 

of  Sootland    6 

BaTBgeaoI  Teredo   3  I 

Btamdarda  of  Bieotrical  Be- 

aistanoe   00 

B^lwaj  Aocidenta    10    ' 

Balloon  Committee EOO 

Dredging  Dnblln  Bay 10 

Dredging  the  Mersey   6 

Priaon  Diet     20 

Oanging  of  Water 13  1 

Bteam^pa' Ferformanoe 160 

nenno-electric  Cnrrenta    ...  6    ' 

Jmai 


H^nbuning  the  EHtablish- 
nmitat  Kew  Observatory...  6< 

Balloon  Committee  deficiency    ' 

Balloon  Aacenta  (other  ez> 
pensea)    

EotoEoa  

Goal  Fusils   

Herrings 

Qraniteaol  Docegal 

Prison  Diet     

Vertical  Atmospheric  Hove- 

Dtedging  Shetland  . 

Dredging  North-east  Coast  of 

Sootland 

Dredging      Northumberland 

and  Durham 

Dredging  Committee  snperin- 

tecdence     

Bteamsbip  Performance  li 

Balloon  Committee  2i 

Carbon  nnder  pressure 

Volcanio  Temperatnre Ii 

Bromide  of  Ammonium  

.  Electrical  Standards 1< 

Electrical  Conatmction    and 

Distribation  ' 

Lnmluons  Meteors    

Eew  Additional  Bnildinga  for 

Photoheliograph    Ii 


Thermo-alectzloity  IS    0    0 

Analysis  of  Bocka    BOO 

Hydroida. 10    0    0 

£1608    3  10 


18M. 

Maintaining  the    Bstablish- 

ment  at  Kew  OluerTataiy..  600  0  0 

CoalFoKils    20  0  0 

Vertical  Atmospherio  Move- 
ments       20  0  0 

Dredging,  Shetland 7S  0  0 

Dre^ng,  Northnmberland...     26  0  0 

Balloon  Committee  300  0  0 

Carbon  ander  pressure     10  0  0 

Stsjidards    of    Bleotric    Be- 

sistanoe   100  0  0 

Analysis  of  Roclcs     10  0  0 

Hydroida    10  0  0 

Askham'sQift    60  0  0 

Nitrite  of  Amyle  10  0  0 

Nomenclature  Committee   ,..      6  0  0 

Bain-ganges  19  16  8 

Cast-iron  Investigation    20  0  0 

Tidal   Obserrations    In   the 

Hnmber  SO  0  0 

Spectral  Rays 46  0  0 

Lominoos  Meteort 20  0  0 

£1289  16  8 

.    1S«6. 
Maintaining   the    Establish- 
ment at  Kew  Obserratory,,  600  0  0 

BallooD  Committee  100  0  (1 

Hydroida 13  0  0 

Bain-gauges   80  0  0 

Tidal     Observations    in    the 

Hmnber  6  8  0 

Hexyllc  Compounds 20  0  0 

Amyl  Componnds 20  0  0 

Irish  Flora 39  0  0 

American  Molluscs  3  9  0 

Organic  Acids    30  0  0 

LingDla  Flags  Excavation  „,     10  0  0 

Enrypteras 60  0  0 

Kleotrical  Standards 100  0  0 

Malta  Caves  Researches  30  0  0 

Oyster  Breeding    36  0  0 

Gibraltar  Caves  Researches...  160  0  0 

Kent's  Hole  Excavations 100  0  0 

Moon's  Surface  Obeervatlons      3S  0  0 

Marine  Fauna    36  0  0 

Dredging  Aberdaensblre S5  0  0 

Dredging  Channellslands  ...     60  0  0 

Zoological  Nomenclature 6  0  0 

Resistance  of  Floating  Bodies 

in  Water 100  0  0 

Bath  Waters  Analysis  8  10  10 

Lnminons  Meteors AO  0  0 

<1691  7  10 
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GENERAL   STATEMENT. 


HamtalniniT    tha    Establish - 

niBDt  ftt  Kew  ObaeiratoTj. .  600  0 

Lmiai  Ccimmlttee 61  13 

Ballooa  Committee  GO  0 

Metrical  Committee 60  0 

British  Balnfall 60  0 

EJlkeimj  Coal  Fields  16  0 

AlomBajFoe^Ijesf-bed  ...  IG  0 

LnmiuoDS  Meteora    GO  0 

Lingnla  Flags  Bzeantion  ...  20  0 
Chemical     Comtitutioa      ot 

Cast  Iron    60  0 

Amyl  Ccmponnds 20  0 

Electrical  Standards 100  0 

Malta  CaTesEzpIoiation 30  0 

Kent's  Hole  E^loration 300  0 

Marine   Fanna,   6ec.,    Devon 

and  Cornwall 2S  0 

Dredging  Aberdeenahire  Coast  26  0 

Dredging  Hebrides  Coast    ...  60  0 

Dredging  the  Mersey  G  0 

Besiatance  of  Floating  Bodies 

in  Water BO  0 

Foly^anidesol  Organic  Badi- 

<sl8  39  0 

Bigot  Mortis 10  0 

Irish  Annelida 16  0 

Catalt^e  of  Crania GO  0 

Didine   Birds  of    Mascarene 

lelanda    60  0 

l^ica!  Crania  Besearches  ...  30  0 

FalMtine  Exploration  Fnnd.^.JOO  _0_ 

^1760  18 

186T. 
Muntaioing    the   EttAblish- 

ment  at  Eew  Observatory..  600    0 
Heteorologloal    Instnunents, 

FaleBtine 60    0 

Lnnar  Committee 120    0 

Metrical  Committee 30    0 

Kent's  Hole  Explorations    ...  100    0 

Paleetiiie  Explorations 60    0 

Insect  Fanna,  Palestine    30    0 

British  Bainf  all 60    0 

Kilkenny  Coal  Fields  26    0 

AInm  Bay  Fossil  Leaf-bed  ...  26 

Luminoos  Meteors    GO 

Bonmemonth,  kc^  Leaf-beds  30    ' 

Dredging  Shetland   76 

Steamship  Beports  Condensa- 
tion    100 

Eleetricsl  Standards 100 

Ethyl  and  Methyl  Series 26 

FoMil  Cmstacea   26 

Sound  under  Water  24 

North  Oieenlond  Fanna 76 

Do.  Plant  Beds  100 

Iron  and  Steel  Uannfactnre...  26 

Pat«QtL«ws 30 

fl739 


Maintaining   the    Establish- 
ment at  Kew  Obserratoij..  600  I 

Lnnar  Committee 120  1 

Uetrical  Committee 60  I 

Zoological  fiecord 100  I 

Kent's  Hale  Explorations    ...  160  i 

Steamship  Performances 100  i 

BritishBainfoU 60  I 

LaminoDs  Meteors 60  i 

Oiganio  Acids    SO  i 

FobbU  Cmstacea 26  < 

Metbyl  Series 26  I 

Uercnryand  Bile  26  I 

Oraanio   Bemains  in  Lime< 

stone  Rocks    , 36  i 

Scottish  Eaithqnake 20  i 

Fauna,  Devon  and  Cornwall.,    80  I 

British  Fossil  Corals    EO  i 

Bagshot  Leaf-beds    60  < 

Greenland  Elxplorations   100  i 

Fossil  Flora   26  ( 

Tidal  Observations  100  i 

Undsrgronnd  Temperatnre ...     GO  I 
Bpectrosoopic  Investigations 

ot  Animal  Sabstancae  6  < 

Secondary  Beptiles,JHi 50  i 

British    Marine    Invertebrate 

Faona 100  i 

£1940  I 


18S9. 

Haiott^ing  the  Establish- 
ment at  Eew  Observatory. .  6 

Lnnar  Committee 

Metrical  Committee  

Zoological  Becoid 1 

Committee  on  Gases  in  Deep- 
well  Water 

British  Bainfoll 

Thermal  Conductivity  of  Iron, 


„    ,        lUi...    . 

n   ■  Kent's  Hole  Explorations 1 

n   I  Steamship  Perforroanoes  

n   ,  Chemical      Constltntion      of 
"   '       Cast  Iron , 

Iron  and  Steel  Manofaotore     I 

Methyl  Series 

Organic    Bemains   in    Lime- 
stone Bocks 

Earthquakes  in  Scotland 

British  Fossil  Corals    

Bagehot  Leaf-beds    

Fossil  Flora   

Tidal  Observations   1< 

Underground  Temperature ... 

Speotroscopio    InvestigatiODS 
of  Animil  Substances  

Oif^io  Acids 

Ktltoican  Fosrils 


OhemiOftl    Const  itutiou    and 
Pbjaiological  Action  Bela- 

tiona    IB 

HonutaiD  LimeatoBe  Foasils  SG 

Utilisation  of  Sewage 10 

Product!  of  DigeatioB 10 

£1622~ 


Fouil   Coral    Beclioui,    foi 

Ffaoio^Tsphiiig  SO  ' 

Bagahot  Leaf-beda    30 

Hoab  Bzplorationa  100  ' 

QaoiHian  Conitanta 10  < 

£1173  : 


1870. 
Hointidiiiiifr  the    Bstablish. 

ment  at  Eaw  Observatory    600  0  0 

Hetrieal  Committee 2G  0  0 

Zoolo^oal  Beoord 100  0  0 

Committee  on  HaHne  Fanna     20  0  0 

Gaia  in  Fishes   10  0  0 

Chemical    Isatore    ol     Cast 

Iron SO  0  0 

LumiDona  Meteon    30  0  0 

Heat  In  the  Stood IE  0  0 

British  Bwnfall 100  0  0 

Thermal     CondnotiTitj     of 

Iron,  &c 20  0  0 

British  FoEsil  Oorala SO  0  0 

Kent's  Hole  Explorations    ...  ISO  0  0 

Scottish  Earthquakes  4  0  0 

Bagshot  Leaf-beda    IS  0  0 

Foaail  Flora    28  0  0 

Tidal  Obaervationa   100  0  0 

nDdergiound  Temperatore ...     60  0  0 

Kiltorcan  QuartlBa  Fossils  ...     20  0  0 

HonntalD  Limestone  Foasila      26  0  0 

UtlUaatioQ  of  Sewage SO  0  0 

Organic  Chemical  Compounds    30  0  0 

Or^  Blvet  Sediment 9  0  0 

Heobanlcal     Eqaivalent    of 

Heat 50  0  0 

*1672~~b~0 


1871. 
UaintaininfT   tbe    Ettabllsh- 

ment^atEawObae^vatoT7    600  0  0 
Monthly  Repoita  of  Frogreaa 

in  Chemistry 100  0  0 

Metrical  Committee 25  0  0 

Zoological  Beeord loo  0  0 

Thermal   Kqnivalents  ol  the 

Ozldea  of  Chlorine   10  0  0 

Tidal  Observation 100  0  0 

FoMil  Flora   26  0  0 

Lnininons  Meteors    SO  0  0 

British  Fossil  Corals    2S  0  0 

Heat  in  the  Blood 7  2  6 

British  fiainfall 60  0  0 

Kent's  Hole  Explorationa   ...  160  0  0 

FoB^U  CnutBoea    26  0  0 

Methrl  Oomponoda  26  0  0 

Lanar  Objecta  20  0  0 


1872. 
Maintaining    the    Establish- 
ment at  Kew  Observatory  300  0  0 

Metrical  Committee 7S  0  0 

Zoolc^ical  BeooTd 100  0  0 

Tidal  Committee  200  0  0 

Oarbonlferons  Corals    25  0  0 

Organic  Chemical  Componods  26  0  0 

EzploihtioDof  Hoab 100  0  0 

Terato-embTyological   Inqol- 

riea  10  0  0 

Eeiit's  Cavern  Exploration..  100  0  0 

LuminoQB  Meteora    20  0  0 

Heat  in  the  Blood. 16  0  0 

Fossil  Cmstacea   26  0  0 

Fosail  Elephants  of  Malta  ...  26  0  0 

Laiiar  Objects    20  0  0 

Inverse  WavB-lengtha SO  0  0 

BritUh  Kainfall 100  0  0 

Poisonous   Substances  Anta- 
gonism   10  0  0 

Essential  Oils,  Chetuieal  Con- 

itntion,  &c 40  0  0 

Mathematical  Tables   60  0  0 

Thermal  Conductivity  of  Me- 

■  la 26  0  0 

:ei28S  0  0 


'  Zoological  Hecord 

1  Chemistry  Record 

■  Tidal  Committee  

I  !iewage  Committee   

I  Kent's  Cavern  Exploration... 

I  Carbonifeioua  Coials    

I  Fossil  Elephants   

Wave-len^hs     

British  Rainfall 

Essential  Oils 

Mathematical  Tables   . 

Qaossian  Constants 

Bub-Wealden  Explorations... 

TJndergrotind  Temperature... 

Settle  Cave  Exploration  

Fossil  Flora,  Ireland 

Timber  Denudation  and  Bain- 
faU  

Lnminoua  Meteon 
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1874. 


Zoologioal  Beooid 100    0 

Chemi*tr7  Record ]00  0 

HmthemBticBl  Tables    100  0 

BlUptic  Functions 100  0 

Lightning  Conductora 10  0 

Tbeimal      Conduct  ivity      o£ 

Books 10  0 

Anthropological  Instructions    SO  0 

Kent's  Cavern  Exploration..,  ISO  0 

Lnminons  Heteora    30  0 

Inlestinal  Secretions    IS  0 

British  Batnfall 100  0 

Sssantial  Oils 10  O 

Snb-WealdenEiploTatioDA...    26  0 

Bettie  Cave  Bxploration 60  0 

HMiritioa  Hsleorology    100  0 

HsigneUsation  of  Iron 20  0 

Huine  Organisms 30  0 

Fossils,  North' West  of  Soot* 

land 2  10 

FhrsiolOKical  Action  of  Light    20  0 

Trades  0nions   26  0    ' 

Monntain  Limestons-oolals       3S  0    i 

Enatto  Blocks  10  0    ' 

Predging,  Dnrham  and  Tork- 

shire  Coasts    38  S    i 

Big^h  TenperatiiTe  of  Bodies     30  0    ' 

Biemens's  PTromater    3  6    < 

Lobyrinthodouts     of     Coal- 

meMoies 7  16    i 

£1161  16 
1876.         ^-==*— 

£lliptio  Tnnctioua    100  0    ' 

Hagnetlsatlon  of  Iron SO  0    i 

British  Bunfall 120  0    ( 

Lnminons  Meteors    SO  0    I 

CbBmistry  Becord 100  0    < 

Specific  Volome  of  Liquids...    35  0    < 
Estimation   of    Potasti    and 

HiOBphoric  Acid to  0    ( 

Isometric  Ctesols  20  0    ( 

Snb-Wealden  Explorations...  100  0    I 

Kent's  Cavern  Exploration...  100  0    ( 

Battle  Cave  Exploration GO  0    < 

KartbqnakBs  in  Scotland 15  0    I 

Uudergronnd  Waters   10  0    ( 

Development     of     Myxinoid 

Xlsbes 20  0    ( 

Zoological  Heeord 100  0    ( 

InatinotionB  for  Travellen  ...     30  0    < 

Intestinal  Secretions    20  0    ( 

Palestine  Exploration 100  0    ( 

i960  0    ( 

1876.  ~^~~ 

FrintlngUathematlcAl Tables  169    4    i 

BritiafaBalnfall 100    0    ( 

Ohm's  Law 9  IB    ( 

Tide  Calaolatlng  Hadhine  ...  200    0    < 
^>eoificTolnmaof  Llqoida...    36    0    ( 


bomeric  Creeols   10    0 

Action  of  Btl»l  Bromohat;- 
T«t«  on  BtLjt    Bodaceto- 

aoetat« 5    0 

Estiniatiou  of    Potash  acd 

nioBphoric  Acid 13  0 

Exploration  of  Victoria  Cave  100  0 

Geological  Beoord 100  0 

Bent's  Cavern  Exploration...  100  0 
Thermal    Conductivities    of 

Rooks  10  0 

Ondergronnd  Waters   10  0 

Earthquakes  in  Scotland I  10    ' 

Zoological  Becord 100  0    ' 

Close  Time 6  0    ' 

Chysiological       Actiou       of 

Sound 26  0    I 

Kaples  Zoological  Station   ...     76  0    i 

Intestinal  Secret  ions    16  0    i 

Physical  Characters  of  Inha- 
bitants of  British  Isles 13  15    I 

Measuring  Speed  ot  Ships  ...     10  0    i 
Bffectof  Propeller  on  turning 

of  Steam-vessels  6  0    I 

£1093  4     1 

1877. 
Liquid    Carbonic    Add    is 

Minerals 20  0    t 

Elliptic  Functions    360  0    ( 

Thermal      Condnotivitj     of 

Books  9  11     ; 

Zoological  Becord 100  0    ( 

Kent's  Cavern    100  0    ( 

Zoological  Station  at  Naples    76  0    < 

Lnminons  Meteors    80  0    < 

Elasticity  of  Wires  100  0    ( 

Diptcrocarpen,  Beport  on    ...     20  0    ( 
MecbanicsJ      Equivalent    of 

Heat 36  0    I 

Double  Compounds  of  Cobalt 

and  Nickel 8  0    ( 

Uudei^tround  Temperature...     SO  0    ( 

Settle  Cava  Exploration  100  0    ( 

DndergToand  Waters  in  New 

KedSandaUine  10  0    C 

Action  of  Ethyl  Bromobnty- 

rate  on    Ethyl    Sodaceto- 

acetate     10  0    t 

British  Earthworks  36  0    ( 

Atmospheric   Electricity    in 

India   16  0    t 

Development  of  Light  from 

Coal-gas 20  0    < 

Estimation   of    Potash     and 

Kiosphorio  Add 1  18    ( 

Geological  Beoord 100  0    ( 

Anthropometric  Committee        34  0    ( 
Physiological  Action  of  Phos- 

pborio  Add,  Ac ■■    ^'.g.  *■ 

£1138  9    1 


1878. 

£    t. 

Bzplontion  of  Settlo  Cavea     100    0 

Oeoloncal  Beeord 100    0 

InTOjfipition  ot  Pnlse  Pheno- 
mena by  msans  of  Siphon 
Becorder 10    0 

Zoological  Station  at  Naples      7B    0 

InTest^tionof  Dnderground 
WftteiB 16    0 

TranmniaBion  of  Blectiical 
Impolns  through  Nerve 
Stroctnie ,...    SO    0 

Calculation  of  Faetor  Table 
for  4th  Million 100    0 

Anthropometric  Committee...    66    0 

CompCflition  and  Htructnre  of 
less-known  Alkaloids  25    0 

Exploration  of  Kent's  Cavern    60    D 

Zoolt^eal  Becoid 100    0 

Fermanagh  CavM  Bxplora- 
tion IS    0 

Thermal  Condaotivitf  of 
Rocks  ^  16 

Lnminons  Meteors 10    0 

Ancient  Earthworks 26    0 

£726  16     6 


1870. 

Table     at     the     Zoological 

Blation,  Naples TB    0    0 

Miocene  Flois  of  the  fia^t 
of  the  North  of  Ireland    ...     20    0    0 

niostiationi  for  a  Monograph 

on  the  Mammoth  IT    0    0 

Beeord  of  Zoological  Litera- 
ture   100    0    0 

Composition  and  Strnotnje  of 

less -known  Alkaloids    36    0    0 

Bniloration     of      Caves     in 

Borneo     60    0    0 

Kent's  Cavern  Exploration...  100    0    0 

Beeord  of  the  Progress  of 
Geology  100    0    0 

Fermanagh  Caves  Exploration      GOO 

Bleotroljsis  of  Metallic  Solu- 
tions and  Solutions  of 
Compound  Salts 3G    0    0 

Anthropometiio  Committee...     GO    0    0 

Natoial  History  of  Socotra ...  100    0    0 

Calculation  of  Faotcr  Tables 
for  Gth  and  flth  Millions  ...  ISO    0    0 

Underground  Waters 10    0    0 

Bt«ering  of  Screw  SteatneiB...     10    0    0 

Improvements  in  Aatrono- 
mical  Clocks  80    0    0 

Marine  Zoology  of  South 
Devon 20    0    0 

DetwmiiiatioQ  of  Mechanic 
■qnlvaletitvf  Heat  12  is    6  ' 


Speciflc  Indnctlve  C^iaoity 
of  Sprengel  Vacuum 40 

Tablet  of  Sun -heat  Co- 
efficients       SO 

Datum  Level  of  the  Ordnance 
Survey 10 

Tables  of  Fundamental  In- 
variants of  Algebraic  Forms    36 

Atmospheric  Electricity  Ob- 
servations in  Madeira  IS 

Instrument  for  Detecting 
Fire-damp  in  Mines 32 

Instnimeuts  for  Measutiug 
the  Speed  of  Ships   17 

ndal  Obeervations  in  the 
BngUsb  Channel   10 

£1080 


New  Form  of  High  Insulation 
Key 10    0 

Dnderground  Tempeiatnre ...     10    0 

Determination  of  the  Me- 
chanical Bqnivalent  of 
Heat    8    6 

KlBSticity  of  Wires  60    0 

Luminous  Meteors    30    0 

Lunar  Disturbsnceof  Oiavity    90    0 

Fundamental  Invariants 8     6 

Laws  of  Water  Friction 80    0 

SpeoiGc  Indnotive  Capacity 
of  Sprengel  Vacuum 20    0 

Completion  of  Tables  of  Son- 
heat  Coofficienta    60    0 

Instrument  for  Detection  of 

Fire-damp  in  Mines 10    0 

Inductive  Capacity  of  Crystals 
and  Paiaffines    4  17 

Beport  on  Carboniferoos 
Polyioa   10    0 

Caves  of  South  Ireland    10    0 

Viviparous  Nature  of  Ichthyo- 
eanros 10    0 

Kent's  Cavern  Exploration. .,     60    0 

Geological  Beoord 100    0 

Miocene  Flora  of  the  Basalt 
of  North  Ireland   16    0 

Undergronnd  Waters  of  Per- 
mian Formations  6    0 

Beocffd  of  Zoolc^cal  Litera- 
ture   100    0 

Table  at  Zoological  Station 
at  Naples    7S    0    ■ 

Znvestigiitjon  of  the  Oeoli^y 

and  Zoology  of  Mexico 60    0     ' 

Anthropometry 60    0    i 

Patent  Laws 6    0    i 

£781    7     1 
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LnOai  Distnrbance  of  Qravlt^  SO 

Underground  Temperature ...  30 

Blectrloal  Standards 2B 

High  Iiunlstion  Kej 6 

TidAl  Observations   10 

Bpecifii:  Bafisctions  7 

Fossil  Polyaoa    10 

Undei^roiind  Wateia    10 

Eorthqmikea  in  Japan 25    ' 

Tertiary  Flora   20    ' 

Soottish  Zoological  Station  ...  60    ' 

Naples  Zoological  StAtion    ...  76 

Katoral  History  of  Bocotra  ...  60    ' 
Anthropological     Notes    and 

Qneries    9 

Zoological  Ueoord 100 

WeighU    and    Heights    of 
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Geiiernl  Meeiiiuis. 

On  Wednesday,  Septetnher  fi,  at  8.30  p.m.,  in  St,  Gi-.irge's  Hall,  Brad- 
ford, Sir  Michael  Poster,  IC.C.B.,  Sec.R.S.  (repr«sented  by  Sir  Henry  E. 
Roscoft,  F.RS.),  resigned  the  office  of  President  to  Sir  WiUiwn  Tomer, 
D.C.L.,  F.RS.,  who  took  the  Chair,  and  delivered  an  Address,  for  which 
see  page  3. 

On  Thursday,  Si'pteinber  6,  at  8..10  p.m.,  a  Soirde  t<jok  place  in  St. 
George's  Hall. 

On  Friday,  September  7,  at  8.30  p.m.,  in  St.  George's  Hall,  Professor 
Francis  Gotch,  F-R.S.,  delivered  a  discourse  on  '  Animal  Electricity.' 

On  Monday,  September  10,  at  8.30  P.M.,  in  St.  George's  Hall, 
Professor  W.  Stroud  delivered  a  discourse  on  *  Range  Finders.' 

On  Tuesday,  September  11,  at  8.30  P.M.,  a  Soiree  took  place  in 
St.  George's  Hall. 

On  Wednesday,  Sppteniber  1 2,  at  2.30  P.M.,  in  the  Mechanics'  Institute, 
the  concluding  General  Meeting  took  place,  when  the  Proceedings  of  the 
General  Committee  and  the  Grants  of  Money  for  Scientific  Purposes  were 
explained  to  the  Members. 

The  Meeting  vas  then  adjourned  to  Glasgow.  [The  Meeting  is 
appointed  to  commence  on  Wednesday,  September  11,  1901.] 
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ADDRESS 


Pbofessor  Sm  WILLIAM  TURNER,  M.B.,  D.C.L., 
LL.D.,  D.Sc.,  F.R.S., 

PRESIDENT. 


TwBNTT-SBTKN  years  ago  the  British  AaeociaUon  met  in  Bradford,  not  at 
that  time  raised  to  the  dignity  of  a  City.  The  meeting  was  very  success- 
£u],  and  was  attended  by  nearly  2,000  persons — a  forecast,  let  us  hope, 
of  what  we  may  expect  at  the  present  assembly.  An  eminent  chemist, 
Professor  A.  W.  Williamson,  presided.  On  this  occasion  tlie  Associa- 
tion has  selected  for  the  presidential  chair  one  whose  attention  has 
been  given  to  the  study  of  an  Important  department  of  biological  science. 
TTin  clium  to  occupy,  however  unworthily,  the  distinguished  position  in 
which  he  has  been  placed,  rests,  doubtless,  on  the  fact  that,  in  the  midst 
of  the  engrossing  duties  devolving  on  a  teacher  in  a  great  University 
and  School  of  Medicine,  he  has  endeavoured  to  contribute  to  the  sum 
of  knowledge  of  the  science  which  he  professes.  It  is  a  matter  of  satis- 
fopction  to  feel  that  the  success  of  a  meeting  of  this  kind  does  not  rest  upon 
the  shoulders  of  the  occupant  of  the  presidential  chair,  but  is  due  to  the 
eminence  and  active  co'operation  of  the  men  of  science  who  either  pre- 
side over  or  engage  in  the  work  of  the  nine  or  ten  sections  into  which  the 
Association  is  divided,  and  to  the  energy  and  ability  for  organisation 
displayed  b;  the  local  Secretaries  and  Committees.  The  programme  pre- 
pared by  the  general  and  local  ofBcers  of  the  Association  shows  that  no 
efforts  have  been  spared  to  provide  an  ample  bill  of  fare,  both  in  its 
scientific  and  social  aspects.  Members  and  Associates  will,  I  feel  sure, 
take  away  from  the  Bradford  Meeting  as  pleasant  memories  as  did  our 
colleagues  of  the  corresponding  Association  FranijaiBe,  when,  in  friendly 
collaboration  at  Dover  last  year,  they  testified  to  the  common  citizenship 
of  the  Universal  Republic  of  Science.  As  befits  a  leading  centre  of 
industry  in  the  great  county  of  York,  the  applications  of  science  to  the 
indnitrial  arts  and  to  agriculture  will  form  sabjeota  of  diflOOflBtOD  in  Hie 
pmers  to  be  read  at  the  meeting.  .  , 


4.  REPonT — 1900. 

Since  the  AAaocUtion  was  at  Dover  a  year  i^o,  two  of  its  former 
Presidents  have  joined  the  majority.  The  Duke  of  Ai^ll  presided  at  the 
meeting  in  Glasgow  so  far  back  aa  1855.  Throughout  hb  long  and  energetic 
life,  he  proved  himself  to  bean  eloquent  and  earnest  speaker,  one  who  gavs 
to  the  consideration  of  public  aflairs  a  mind  of  singular  independence,  and 
a  thinker  and  wriMr  in  a  wide  range  of  human  knowledge.  Sir  J.  Wm. 
Dawsoa  was  President  at  the  meeting  in  Birmingham  in  1886.  Bom 
in  Kova  Scotia  in  1820,  he  devoted  himself  to  the  study  of  the  Geology 
of  Canada,  and  became  the  leading  authority  on  the  subject.  He  took 
also  an  active  and  influential  part  in  promoting  the  spread  of  scientific 
education  in  the  Dominion,  and  for  a  number  of  years  he  was  Principal 
and  Yioe- Chancellor  of  the  M'Oill  University,  Montreal. 

Seientyta  Method. 

Edward  Gibbon  has  told  us  that  diligence  and  accuracy  are  the  only 
merits  which  an  historical  writer  can  ascribe  to  himself.  Without  doubt 
they  ore  fundamental  qualities  necessary  for  historical  research,  but  in 
order  to  bear  fruit  they  require  to  be  exercised  by  one  whose  mental 
qualities  are  such  aa  to  enable  him  to  analyse  the  data  brought  together 
by  his  diligence,  to  discriminate  between  the  false  and  the  true,  to 
possess  an  insight  into  the  complex  motives  that  determine  bumanaction, 
to  be  able  to  recognise  those  facts  and  incidents  which  hod  exercised  either 
a  primary  or  only  a  secondary  influence  on  the  ofiairs  of  nations,  or  on 
the  thoughts  and  doings  of  the  person  whose  character  be  is  depicting. 

In  scientific  research,  also,  diligence  nnd  accuracy  are  fundamental 
qualities.  By  their  application  new  facts  are  discovered  and  tabulated, 
their  order  of  succession  is  ascertained,  and  a  wider  and  more  intimate 
knowledge  of  the  processes  of  nature  is  acquired.  But  to  decide  on  their 
true  significance  a  well-balanced  mind  and  the  exercise  of  prolonged 
thought  and  reflection  are  needed.  William  Harvey,  the  father  of  exact 
research  in  physiology,  in  his  memorable  work  '  De  Uotu  Cordis  et  San- 
guinis^' published  more  than  two  centuries  ago,  tells  us  of  the  great  and 
daily  diligence  which  he  exercised  in  the  course  of  his  investigations,  and 
the  numerous  observations  and  experiments  which  he  collated.  At  the 
same  time  he  refers  repeatedly  to  his  cogitations  and  reflections  on  the 
meaning  of  what  be  had  observed,  without  which  the  complicated  move- 
ments of  the  heart  could  not  have  been  analysed,  their  significance  deter- 
mined, and  the  circulation  of  the  blood  in  a  continuous  stream  definitely 
established.  Early  in  the  present  century,  Carl  Ernst  von  Baer,  the 
father  of  embryological  research,  showed  the  importance  which  he  attached 
to  the  combination  of  observation  with  meditation  by|  placing  side  by  side 
on  the  title-page  of  his  famous  treatise  '  Ueber  £ntwickelungq;eachichte 
der  Thiere  '  (1828)  the  words  Beobaehtujig  und  E^exion. 

Though  I  have  drawn  from  biological  science  my  illustrations  of  the 
need  of  thii  combinatjon,  it  must  not  be  inferred  diat  it  api^ies  exclu* 
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sivel;  to  one  branch  of  Bcientifio  ioqniry  ;  the  conjimction  inflaences  and 
determines  progress  in  all  the  sciences,  and  when  aasociated  with  a 
safGcient  touch  of  imagination.  Then  the  powerof  seeing  is  conjoined  with 
the  faculty  of  foreseeing,  of  projecting  the  mind  into  the  future,  we  tbblJ 
expect  something  more  than  the  discovery  of  isolated  focls ;  their  co- 
ordination and  the  enunciation  of  new  principles  and  lavs  will  necessarily 
follow. 

Scientific  method  consists,  therefore,  in  close  observation,  frequently 
repeated  so  as  to  eliminate  the  possibility  of  erroneoas  seeing  ;  in  experi- 
ments checked  and  controlled  in  every  direction  in  which  fallacies  might 
arise ;  in  continnouB  reflection  on  Uie  appearances  and  phenomena 
observed,  and  in  logically  masoning  out  their  meaning  and  the  conclasions 
to  be  drawn  from  them.  Were  the  method  followed  oat  in  its  integrity 
by  all  who  are  engaged  in  scientific  investigations,  the  time  and  labonr 
expended  in  correcting  errors  committed  by  ourselves  or  by  other 
observers  and  experimentalists  would  be  saved,  and  the  volumes  devoted 
annually  to  scientific  literature  would  be  materially  diminished  in  aize. 
Were  it  applied,  as  far  as  the  conditions  of  life  admit,  to  the  conduct  and 
management  of  human  affaire,  we  should  not  require  to  be  told,  when 
critical  periods  in  our  welfare  as  a  nation  arise,  that  we  shall  muddle 
through  somehow.  Kecent  experience  has  taught  us  that  wise  discretion 
and  careful  prevision  are  as  necessary  in  the  direction  of  public  affairs  as 
in  the  pursuit  of  science,  and  in  both  instances,  when  properly  exercised, 
they  enable  us  to  reach  with  comparative  certainty  the  goal  which  we 
strive  to  attain. 

Improvements  in,  Means  of  Observation. 
Whilst  certain  principles  of  research  are  common  to  all  the  sciences, 
each  great  division  requires  for  its  investigation  specialised  arrangements 
to  insure  its  progress.  Nothing  contributes  so  much  to  the  advancement 
of  knowledge  as  improvements  in  the  means  of  observation,  either  by  the 
discovery  of  new  adjuncts  to  research,  or  by  a  fresh  adaptation  of  old 
methods.  In  the  industrial  arts,  the  introduction  of  a  new  kind  of  raw 
material,  the  recognition  that  a  mixture  or  blending  is  often  more 
serviceable  than  when  the  substances  employed  are  uncombined,  the 
discovery  of  new  processes  of  treating  the  articles  used  in  manufactures, 
the  Invention  of  improved  machinery,  all  lead  to  the  expansion  of  trade, 
to  the  occupation  of  the  people,  and  to  the  development  of  great 
industrial  centres.  In  science,  also,  the  invention  and  employment  of 
new  and  more  precise  instruments  and  appliances  enable  us  to  appreciate 
more  clearly  the  signification  of  facts  and  phenomena  which  were  pre- 
viously obscure,  and  to  penetrate  more  deeply  into  the  mysteries  of  nature. 
They  mark  fresh  departures  in  the  history  of  scifiice,  and  provide  a  firm 
base  of  snpport  from  which  a  continuous  advance  may  be  made  and  fresh 
conceptions  of  nature  can  be  evolved 
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It  10  not  my  intoitioD,  even  if  I  pooeeaed  the  requisite  knowledge, 
to  uodertftke  so  ardnans  a  task  as  to  review  the  progress  which  has  reoeatljr 
been  made  in  the  great  body  of  sciences  which  lie  within  the  domun  of 
the  British  Association.  As  my  occupation  in  life  has  required  me  to 
give  attention  to  the  science  which  deals  with  the  stracture  and  organisa- 
tion of  the  bodies  of  man  and  animals— a  science  which  either  includes 
within  its  scope  or  has  intimate  and  widespread  relations  to  comparative 
anatomy,  embryology,  morphology,  zoology,  physiology,  and  anthropology 
— I  shall  limit  myself  to  the  attempt  to  bring  before  you  some  of  Uie  more 
important  observations  and  conclosions  which  have  a  bearing  on  tiie 
present  position  of  the  snbjeot.  As  this  is  the  dosing  year  of  the  century, 
it  will  not,  I  think,  be  ont  of  place  to  refer  to  the  changes  which  a 
hundred  years  have  brought  about  in  our  fundamental  conceptions  of  the 
structure  of  animals.  In  science,  as  in  business,  it  is  well  from  time  to 
time  to  take  stock  of  what  we  have  been  doing,  so  that  we  may  realise 
where  we  stand  and  aacertam  the  balance  to  our  credit  in  the  scientific 
ledger. 

So  far  back  as  the  time  of  the  ancient  Greeks  it  was  known  that  the 
human  body  and  those  of  the  more  highly  organised  animals  were  not  homo- 
geneons,  but  were  built  up  of  parts,  the  partes  diagimilarea  (ra  ivatiaiit  ftipi?) 
of  Aristotle,  which  differed  from  each  other  in  form,  colour,  texture, 
consistency,  and  properties.  These  parts  were  familiarly  known  as  the 
bones,  muscles,  sinews,  blood-vessels,  glands,  brain,  nerves,  and  so  on. 
As  the  centuries  rolled  on,  and  as  observers  and  observations  multiplied, 
a  more  and  more  precise  knowledge  of  these  parts  throughoat  the  Animal 
Kingdom  was  obtained,  and  various  attempts  were  made  to  classify 
animals  in  accordance  with  their  forms  and  stracture.  During  the 
concluding  years  of  the  last  century  and  the  earlier  part  of  the  present, 
the  Hunters,  William  and  John,  in  our  country,  the  Meckels  in  Germany, 
Cuvier  and  Sunt- Hilaire  in  France,  gave  an  enormous  impetus  to  anatomical 
studies,  and  Contributed  largely  to  our  knowledge  of  the  construction  of  the 
bodies  of  animals.  But  whilst  by  these  and  other  observers  the  most 
salient  and,  if  I  may  use  the  expression,  the  grosser  characters  of  animal 
organisation  had  been  recognised,  little  was  known  of  the  more  intimate 
structure  or  texture  of  the  parts.  So  far  as  could  be  determined  by  Uie 
unassisted  vision,  and  so  much  as  could  be  recc^ised  by  the  use  of  a 
simple  lens,  had  indeed  been  ascertained,  and  it  was  known  that  muscles, 
nerves,  and  tendons  were  composed  of  threads  or  fibres,  that  the  blood- 
and  lymph-vessels  were  tubes,  that  the  parts  which  we  call  fasciie  and 
aponeuroses  were  thin  membranes,  and  so  on. 

Early  in  the  present  century  Xavier  Bichat,  one  of  the  most  brilliant 
men  of  science  during  the  Napoleonic  era  in  France,  published  his 
'  Anatomie  Q^n^rale,'in  which  be  formulated  important  general  principles. 
Every  animal  b  an  assemblage  of  different  organs,  each  of  which  dis- 
charges a  function,  and  acting  together,  each  in  its  own  way,  aanitt  in  the 
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preflervktion  of  the  wht^.  The  o^uis  are,  as  it  vere,  Bpeciol  machines 
aitoated  in  the  ge&eisl  building  vhioh  constitatea  the  factory  or  body 
ot  the  indiTidaaL  But,  farther,  each  organ  or  special  machine  is  itself 
fwmed  of  tiames  which  posaesa  different  properties.  Some,  aa  the  blood- 
vessels,  nwres,  fibrous  tissnee,  Ac,  are  generally  distributed  throughout 
the  animal  body,  whilst  others,  as  bones,  moscleB,  cartilage,  Ac,  are  found 
only  iu  certain  definite  localities.  Whilst  Bichat  hod  acquired  a  definite 
philosophical  conception  of  the  general  principles  of  construction  and  of 
the  distribution  of  the  tisouee,  neither  he  nor  his  pupil  B^dard  was  in  a 
positdon  to  determine  the  essential  nature  of  the  sbructnral  elements. 
The  means  and  applianoM  at  their  disposal  and  at  that  of  other  ob- 
aervera  in  their  generation  were  not  sufficiently  potent  to  complete  the 
(uoalysifl. 

Attempts  were  made  in  the  third  deoenninm  of  this  century  to  improve 
the  methods  of  examining  minute  objects  by  the  manufacture  of  com- 
pound lenses,  and,  by  doing  away  with  chromatic  and  spherical  aberra- 
tion, to  obtain,  in  addition  to  magnification  of  the  object,  a  relatively  large 
flat  field  of  vision  with  cleameaa  and  sharpness  of  definition.  When  in 
January  1830  Joseph  Jackson  Lister  read  to  the  Koyal  Society  his 
memoir  '  On  some  properties  in  achromatic  object-glasses  applicable  to 
the  improvement  of  microscopes,'  he  announced  the  principles  on  which 
combinations  of  lenses  could  be  arranged,  which  would  possess  these 
qnalitieB.  By  the  skill  of  onr  opticians,  microscopes  have  now  for  more 
than  half  a  century  been  constructed  which,  in  the  hands  of  competent 
observen,  have  influenced  and  extended  biological  science  with  results 
comparable  to  those  obtained  by  the  astronomer  through  improvements 
in  the  telseoope. 

In  ^le  study  of  the  minute  structure  of  plants  and  animals  the  observer 
has  frequently  to  deal  wiUi  tissues  and  organs,  most  ot  which  possess  such 
BOftnees  and  delicacy  of  substance  and  outline  that,  even  when  micro- 
scopes at  the  best  construction  are  employed,  the  determination  of  the 
intimate  nature  of  the  tissue,  and  the  precise  relation  which  one  element 
<^  an  organ  bears  to  the  other  constituent  elements,  is  in  many  instances 
a  matter  of  difficulty.  Hence  additional  methods  have  had  to  be  devised 
in  order  to  facilitate  study  and  to  give  precision  and  accuracy  to  our 
observations.  It  is  difficultforcaieoftJie  younger  generation  of  biologists, 
with  all  the  appliances  of  a  well-equipped  laboratoiy  at  his  command, 
with  experienced  teachers  to  direct  him  in  his  work,  and  with  excellent 
text-books,  in  which  the  modem  methods  are  described,  to  realise  the 
conditi<His  under  which  his  predeceasors  worked  half  a  century  ago. 
lAbwatories  lor  minute  biological  research  had  not  been  constructed, 
the  praotioal  teaching  erf  histok^  and  embryolc^  had  not  been  organised, 
experienoe  in  methods  of  work  had  not  oocumalated  ;  each  m&a  was  left 
to  his  individual  eSorte,  and  had  to  puzzle  his  way  through  the  complica- 
tions of  structure  to  the  best  of  his  power.     Staining  and  hardening 
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reagenta  were  anknown.  The  double-bladed  knife  invented  hy  Valentin, 
held  in  the  hand,  vaa  the  only  improvement  on  the  BCalpel  or  mzor  tta 
cutting  thin,  more  or  less  translncent  slices  aoitable  for  microacopic 
examination ;  mechanical  section -cutters  and  freezing  arrangements  had 
not  been  devised.  The  tools  at  the  disposal  of  the  microecopiBt  were 
little  more  than  knife,  forceps,  scissors,  needles ;  with  acetic  acid,  glyce- 
rine, and  Canada  balsam  as  reagents.  But  in  the  employment  of  the 
newer  methods  of  research  care  has  to  bo  taken,  more  especially  when 
hardening  and  staining  reagents  are  used,  to  discriminate  between 
appearances  which  are  to  be  interpreted  as  indicating  natural  characters, 
and  those  which  are  only  artificial  productions. 

Kotwitbstanding  the  difficulties  attendant  on  the  study  of  the  more 
delicate  tissues,  the  compound  achromatic  microscope  provided  anatomists 
with  an  instrument  of  great  penetrative  power.  Between  the  years  1830 
and  1850  a  number  of  acute  observers  applied  themselves  with  much  enei^y 
and  enthusiasm  to  the  examination  of  the  minute  structure  of  the  tissues 
and  organs  in  plants  and  animals. 

Cell  Theory. 
It  had,  indeed,  long  been  recognised  that  tlie  tissues  of  plants  were 
to  a  large  extent  composed  of  minute  vesicular  bodies,  technically  called 
cells  (Hooke,  Malpighi,  Grew).  In  1831  the  discovery  was  made  by  the 
great  botanist,  Robert  Brown,  that  in  many  families  of  plants  a  circular 
spot,  which  he  named  areola  or  nucleus,  was  present  in  each  cell ;  and  in 
1838  M.  J.  Schleiden  published  the  fact  that  a  similar  spot  or  nucleus  was 
a  universal  elementary  organ  in  vegetables.  In  the  tissues  of  animals  also 
stmctnres  hod  begun  to  be  recognised  comparable  with  the  cells  and  nuclei 
of  the  vegetable  tissues,  and  in  1839  Theodore  Schwann  announced  the 
important  generalisation  that  there  is  one  universal  principle  of  develop- 
ment for  the  elementary  part  of  organisms,  however  different  they  may  be  in 
appearance,  and  that  this  principle  is  the  formation  of  cells.  The  enun- 
ciation of  the  fundamental  principle  that  the  elementary  tissues  consisted 
of  cells  constituted  a  step  in  the  progress  of  biological  science,  which 
will  for  ever  stamp  the  century  now  drawing  to  a  close  with  a  character 
and  renown  equalling  those  which  it  has  derived  from  the  most  brilliant 
discoveries  in  the  physical  sciences.  It  provided  biologists  with  the 
visible  anatomical  units  through  which  the  external  forces  operating  on, 
and  the  energy  generated  in,  living  matter  come  into  play.  It  dispelled 
for  ever  the  old  mystical  idea  of  the  infiuence  exercised  by  vapours  or 
spirits  in  living  organisms.  It  supplied  the  physiologist  and  pathologist 
with  the  specific  structures  through  the  agency  of  which  the  functions  of 
organisms  are  discharged  in  health  and  disease.  It  exerted  an  enormous 
influence  on  the  progress  of  practical  medicine.  A  review  of  the  pn^ress 
of  knowledge  of  the  cell  may  appropriately  enter  into  an  address  on  this 
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Slmclure  of  Cells. 

A  cell  is  a  livins;  partiole,  bo  minute  that  it  needs  a  microscope  for  its 
examination ;  it  grows  in  size,  maiatoins  itself  in  a  state  of  activity, 
responds  to  the  action  of  stimuli,  reproduces  its  kind,  and  ia  the  coarse 
of  time  it  degenerates  and  dies. 

Let  OS  glance  at  the  structure  of  a  cell  to  determine  its  constituent 
parts  and  the  r6le  which  each  plays  in  the  function  to  be  discharged. 
The  original  conception  of  a  cell,  based  upon  the  study  of  the  vegetable 
tissues,  was  a  minute  vesicle  enclosed  by  a  definite  wall,  which  exer- 
cised chemical  or  metabolic  changes  on  the  surrounding  material  and 
secreted  into  the  vesicle  its  characteristic  contents.  A  similar  conception 
was  at  first  also  entertained  regarding  the  cells  of  animal  tissues  ;  but  ac 
observations  multiplied,  it  was  seen  that  numerous  elementary  particles, 
which  were  obviously  in  their  nature  cells,  did  not  possess  an  enclosiog 
envelope.  A  wall  ceased  to  have  a  primary  value  as  a  constituent  part  dt 
a  cell,  the  necessary  vesicular  character  of  which  therefore  could  no  longer 
be  entertained. 

The  other  constituent  parts  of  a  cell  are  the  cell  plasm,  which  forms 
the  body  of  the  cell,  and  the  nucleus  embedded  in  its  substance.  Not- 
withstanding the  very  minute  size  of  the  nucleus,  which  even  in  the 
largest  cells  is  not  more  than  ^^tb  inch  in  diamet«r,  and  usually  is 
considerably  smaller,  its  almost  constant  form,  its  well-defined  sharp 
outline,  and  its  power  of  resisting  the  action  of  strong  rec^ents  when 
applied  to  the  cell,  have  from  the  period  of  its  discovery  by  Robert  Brown 
caused  histologists  to  bestow  on  it  much  attention.  Its  structure  and 
chemical  composition  ;  its  mode  of  origin  ;  the  part  which  it  plays  in  the 
formation  of  new  cells,  and  its  function  in  nutrition  and  secretion  have 
been  investigated. 

When  examined  under  favourable  conditions  in  its  passive  or  resting 
state,  the  nucleus  is  seen  to  be  bounded  by  a  membrane  which  separates 
it  from  the  cell  plasm  and  gives  it  the  characteristic  sharp  contour. 
It  contains  an  apparently  structareless  nuclear  substance,  nucleoplasm  or 
enchylema,  in  which  are  embedded  one  or  more  extremely  minute  particles 
called  nucleoli,  along  with  a  network  of  exceedingly  fine  threads  or  fibres, 
which  in  the  active  living  cell  play  an  essential  part  in  the  production 
of  new  nuclei  within  the  cell.  In  its  chemical  composition  the  nucleai- 
inbstance  consists  of  albuminous  plastin  and  globulin  ;  and  of  a  special 
material  named  nuclein,  rich  in  phosphorus  and  with  an  acid  reaction. 
The  delicate  network  within  the  nucleus  consists  apparently  of  the  nuclein, 
a  substance  which  stains  with  carmine  and  other  dyes,  a  property  which ' 
enablea  the  changes,  which  take  place  in  the  network  in  the  production  of 
yonng  cells,  to  be  more  readily  seen  and  followed  out  by  the  observer. 

The  mode  of  origin  of  the  nucleus  and  the  part  which  it  plays  in 
the  production  of  new  cells  have  been  the  subject  of  much  c" 


..Cookie 


10  REPOBT— 1900. 

Schl«id«ii,  whose  observations,  published  in  1838,  were  nuMle  on  the  cells 
of  plants,  believed  that  within  the  cell  a  nncleolus  first  appeared,  ftnd  that 
aronsd  it  molecules  aggregated  to  form  the  nnclens.  Schwann  again, 
whose  observations  were  mostly  made  on  the  oells  of  animals,  considered 
that  (u  amorphons  material  existed  in  organised  bodies,  which  he  called 
cytoblastema.  It  formed  the  contents  of  cells,  or  it  might  be  situated  free  ' 
or  external  to  them.  He  figuratively  compared  it  to  a  motjier  liquor  in 
which  crystals  are  formed.  Either  in  the  cytoblastema  within  the  oells 
or  in  that  situated  external  to  them,  the  aggregation  of  molecules  around 
a  nucleolus  to  form  a  nucleus  might  occur,  and,  when  onoe  the  nucleus 
had  been  formed,  in  its  turn  it  would  serve  as  a  centre  of  aggregation  of 
additional  molecules  from  which  a  new  cell  would  be  produced.  He 
regarded  therefwe  the  formation  of  nuclei  and  cells  as  possible  in  two 
ways  :  one  within  pre-existing  cells  (endogenous  cell- formation),  the  other 
in  a  free  blastema  lying  external  to  cells  (free  cell-formation).  In 
animals,  he  says,  the  endogenous  method  is  rare,  and  the  customary  origin 
is  in  an  external  blastema.  Both  Schleiden  and  Schwann  considered 
that  after  the  cell  was  formed  the  nucleus  bad  no  permanent  infiuence 
on  the  life  of  the  cell,  and  usually  disappeared. 

Under  the  teaching  principally  of  Henle,  the  famous  Frofeeaor  of 
Anatomy  in  Qottingen,  the  conception  of  the  &ee  formation  of  nnolra  and 
cells  in  a  more  or  less  fluid  blastema,  by  an  aggr^^tion  of  elementary 
granoleB  and  molecules,  obtained  so  much  credence,  especially  amongst 
those  who  were  engaged  in  the  study  of  patholt^cal  processes,  that  the 
origin  of  cells  within  pre-existing  cells  was  to  a  large  extent  lost  sight  of. 
Hist  a  parent  cell  was  requisite  for  the  production  of  new  cells  seemed  to 
many  investigators  to  be  no  longer  needed.  Without  doubt  this  con- 
ception of  free  cell- formation  contributed  in  no  small  degree  to  the 
belief,  entertained  by  various  observers,  that  the  simplest  plants  and 
animals  might  arise,  without  pre-existing  parents,  in  organic  flnida  desti- 
tute of  life,  by  a  process  of  spontaneous  generation  ;  a  belief  which  pre- 
vailed in  many  minds  almost  to  the  present  day.  If,  as  has  been  stated, 
the  doctrine  of  abiogeuesia  cumot  be  experimentally  refuted,  on  the  other 
hand  it  tias  not  been  experimentally  proved.  The  burden  of  proof  lies 
with  these  who  hold  the  doctrine,  and  the  evidence  that  we  possess  is  all 
the  other  way. 

Multiplication  qf  Cells. 
Although  von  Mohl,  the  botanist,  seems  to  have  been  the  first  to 
recf^ise  (1635)  in  plants  a  multiplication  of  cells  by  division,  it  was  not 
until  attention  was  given  to  the  study  of  the  egg  in  various  *iiinia.liij  and 
to  the  changes  which  take  place  in  it,  attendant  on  fertilisation,  that  in 
the  course  of  time  a  much  more  correct  conception  of  the  origin  of  the 
nodetis  and  of  the  part  which  it  plays  in  the  formation  of  new  cells  was 
obtained.    Before  Schwann  bad  published  his  classical  menuMr  in  1839, 
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T<m  Bow  uid  odier  obaervers  bod  retx^iaed  within  the  animal  ovum  ths 
germinal  vedale,  vhich  obviously  bore  to  the  ovum  the  relfttion  of  a 
nacletts  to  a  cell.  Aa  the  methods  of  observation  improved,  it  was  reoog- 
nised  that,  within  the  developing  egg,  two  vesicles  appeared  where  one 
only  had  previonsly  existed,  to  be  followed  by  -fonr  veaiclee,  then 
eight,  and  so  on  in  multiple  progression  until  the  ovum  contained  a 
multitude  of  vesicles,  eaoh  of  which  possessed  a  nucleus.  The  veeioUs 
were  obrionsly  cells  which  had  arisen  within  the  original  germ-cell  or 
omm.  These  changes  were  systematically  described  by  Martin  Barry  ao 
kmg  ago  as  1839  and  1840  in  two  memoirs  commiinicf^«d  to  the  Boyal 
Socdetyof  London,  and  the  appearance  produced,  on  account  of  the  irregu- 
larities of  tiiB  Burfaoe  occasioned  by  the  production  of  new  veiioles,  was 
named  by  him  the  mulberry-like  structure.  He  f  artJier  pointed  out  that 
the  vesicles  arranged  themselves  as  a  layer  within  the  enrelope  of  the  egg 
or  sona  pellncida,  and  that  the  whole  embryo  was  composed  of  oells  filled 
witli  the  foundations  of  other  cells.  He  recognised  that  the  new  cells 
were  derived  from  the  germinal  vesicle  or  nucleus  of  the  ovum,  Ae  con- 
tents of  which  entered  into  the  formation  of  the  first  two  oells,  each  of 
iriiich  had  its  nucleus,  which  in  its  turn  resolved  itself  into  other  cells, 
and  by  a  repetition  of  the  process  into  a  greater  number.  The  endogenous 
origin  of  new  cells  within  a  pre-existing  cell  and  the  process  which  we 
now  term  the  segmentation  of  the  yolk  were  sacoesafully  demonstrated. 
In  a  third  memoir,  pnbliahed  in  1841,  Barry  definitely  stated  that  young 
c^ls  originated  through  division  of  the  nucleus  of  the  parent  cell,  instead 
of  arising,  as  a  product  of  crystallisation,  in  the  fiuid  cytoblaetema  of  the 
parent  cell  or  in  a  blastema  situated  external  to  the  cell. 

In  a  memoir  published  in  1842,  John  Qoodair  advocated  the  view  that 
the  nucleus  is  the  reproductive  organ  of  the  cell,  and  that  from  it,  as  from 
a  germinal  spot,  new  cells  were  formed.  In  a  paper,  published  three  years 
later,  on  nutritive  centres,  he  described  cells,  the  nuclei  of  which  were 
the  permanent  source  of  successive  broods  of  young  cells,  which  from 
time  to  time  occupied  the  cavity  of  the  parent  cell.  He  extended  also  his 
observations  on  the  endogenous  formation  of  cells  to  the  cartilage  cells  in 
the  process  of  inflammation  and  to  other  tissues  underling  pathological 
changes.  Corroborative  observations  on  endogenous  formation  were  also 
given  by  his  brother  Harry  Goodsir  in  1846.  These  observations  on  the 
part  which  the  nucleus  plays  by  cleavage  in  the  formation  of  young  cells 
by  endogenous  development  from  a  parent  centre — that  an  organic  con- 
tinni^  existed  between  a  mother  cell  and  its  descendants  through  the 
nocleufl — constituted  a  great  step  in  advance  of  the  views  entertained  by 
Schleiden  and  Schwann,  and  showed  that  Bany  and  the  Goodsirs  had  a 
deeper  insight  into  the  nature  and  functions  of  cells  than  was  powessed 
by  moot  of  their  contemporaries,  and  are  of  the  higfaest  importance  when 
viewed  in  the  light  of  recent  observations. 

In  1641  Bobert  Remak  published  an  account  of  the  presence  ^  two 
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nuclei  in  tha  blood  corpuscles  ol  the  chick  and  tiie  pig,  which  he  regarded 
as  evidence  of  the  production  of  new  corpngcles  by  division  of  the 
nucleus  within  a  parent  cell ;  but  it  waa  not  until  some  years  afterwards 
(1850  to  1855)  tba,i  he  recorded  additional  observations  and  recognised 
that  division  of  the  nucleus  was  the  starting-point  for  the  multiplication 
of  cells  in  the  o\-um  and  in  the  tissues  generally.  Remak's  view  was  that 
the  process  of  cell  division  began  with  the  cleavage  of  the  nucleolus, 
followed  by  that  of  the  nucleus,  and  that  again  by  cleavage  of  the  body 
of  the  cell  and  of  its  membrene.  Rotliker  had  previously,  in  1843,  de- 
scribed the  multiplication  of  nuclei  in  the  ova  of  parasitio  worms,  and 
drew  the  inference  that  in  the  formation  of  youDg  cells  within  the  egg 
the  nucleus  underwent  cleavage,  and  that  each  of  ita  divisions  entered 
into  the  formation  of  a  new  cell.  By  these  observations,  and  by  others 
subsequently  made,  it  became  obvious  that  the  multiplication  of  animal 
cells,  either  by  division  of  the  nucleus  within  the  cell,  or  by  the  budding 
off  of  a  part  of  the  protoplasm  of  the  cell,  was  to  be  regarded  as  a  widely 
■pread  and  probably  a  universal  process,  and  that  each  new  cell  aroBe 
from  a  parent  cell. 

Pathological  observers  were,  however,  for  the  most  part  inclined  to 
consider  free  cell-formation  in  a  blastema  or  exudation  by  an  aggr^ation 
of  molecules,  in  accordance  with  the  views  of  Henle,  as  a  common  pheno- 
menon. This  proposition  was  attacked  with  great  energy  by  Virchow  in 
a  series  of  memoirs  published  in  his  '  Archiv,'  commencing  in  Vol.  1, 1847, 
and  finally  received  ita  death-blow  in  his  published  lectures  on  Cellular 
Pathology,  1858.  He  maintained  that  in  pathological  structures  there 
was  no  instance  of  cell  development  de  novo ;  where  a  cell  existed,  there 
one  must  have  been  before.  Cell-formation  was  a  continuous  develop- 
ment by  descent,  which  he  formulated  in  the  expression  otnnis  eellula 
t  cellvU. 

KaryoHnesit. 

Whilst  the  descent  of  cells  from  pre-existing  cells  by  division  of  the 
nucleus  during  the  development  of  the  egg,  in  the  embryos  of  plants 
and  animals,  and  in  adult  vegetable  and  animal  tissues,  both  in  healthy 
and  diseased  conditions,  had  now  become  generally  recognised,  the 
mechanism  of  the  process  by  which  the  cleavage  of  the  nucleus  took  place 
was  for  a  long  time  unknown.  The  discovery  had  to  be  deferred  until 
the  optician  had  been  able  to  construct  lenses  of  a  higher  penetrative 
power,  and  the  microecopist  had  learned  the  use  of  colouring  agents 
Ciipable  of  dyeing  the  linest  elements  of  the  tissues.  There  was  reason  to 
believe  that  in  some  cases  a  direct  cleavage  of  the  nucleus,  to  be  followed 
by  a  corresponding  division  of  the  cell  into  two  parts,  did  occur.  In  the 
period  between  1870  and  1880  observations  were  made  by  Schneider, 
Strasburger,  Biitschli,  Fol,  van  Beneden,  and  Flemming,  which  showed  that 
the  division  of  the  nucleus  and  tiie  cell  was  due  to  a  series  of  very  remark- 
able changes,  now  known  as  indirect  nuclear  and  cell  division,  or  karyo- 
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kineda.  The  changes  within  the  nucleus  are  of  so  complex  &  character  that 
it  is  impoBsible  to  follow  them  in  detail  without  the  ose  of  appropriate 
illnstrationa  I  shall  have  to  content  myself,  therefore,  with  EUi  elemen- 
tary sketch  of  the  process. 

I  have  previously  stated  that  the  nucleus  in  its  passive  or  resting  stage 
contains  a  very  delicate  network  of  threads  or  fibres.  The  first  stage  in 
the  process  of  nuclear  di^dsion  consists  in  the  threads  arranging  them- 
selves in  loops  and  forming  a  compact  coil  within  the  nnoleus.  The  coil 
then  becomes  looser,  the  loops  of  threads  shorten  and  thicken,  and  some- 
what later  each  looped  thread  splits  longitodinally  into  two  portiona.  Aa 
the  threads  stain  when  colouring  agents  are  applied  to  them,  they  are 
called  chromatin  fibres,  and  the  loose  coil  is  the  chromosome  (Waldeyer). 

As  the  process  continues,  the  investing  membrane  of  the  nucleus  dis- 
appears, and  the  loops  of  threads  arrange  themselves  within  the  nucleus 
so  that  the  closed  ends  of  the  loops  are  directed  to  a  common  centre,  from 
which  the  loops  radiate  outwards  and  produce  a  starlike  figure  (aster). 
At  the  same  time  clusters  of  extremely  delicate  lines  appear  both  in  the 
nucleoplasm  and  in  the  body  of  the  cell,  named  the  achromatic  figure, 
which  has  a  spindle-like  form  with  two  opposite  poles,  and  stains  much 
more  feebly  than  the  chromatic  fibres.  The  loops  of  the  chromatic  star 
tiien  arrange  themselves  in  the  equatorial  plane  of  the  spindle,  and 
bending  round  turn  their  closed  ends  towards  the  periphery  of  the  nucleus 
and  the  eel). 

Hie  next  Etoge  marks  an  important  step  in  the  process  of  division  of 
the  nucleus.  The  two  longitudinal  portions,  into  which  each  looped  thread 
had  previously  split,  now  separate  from  each  other,  and  whilst  one  part 
migrates  to  one  pole  of  the  spindle,  the  other  moves  to  the  opposite  pole, 
and  the  free  ends  of  each  loop  are  directed  towards  its  equator  (meto- 
kinesis).  Sy  this  division  of  the  ohromatjn  fibres,  and  their  separation 
from  each  other  to  opposite  poles  of  the  spindle,  two  star  like  chromatin 
figures  are  produced  (dyaster). 

Each  group  of  fibres  thickens,  shortens,  becomes  surrounded  by  a 
membrane,  and  forms  a  new  or  daughter  nuSleus  (dispirem).  Two  nuclei 
therefore  have  arisen  within  the  cell  by  the  division  of  that  which  had 
previously  eicistod,  and  the  expression  formulated  by  Flemming — otnnit 
nucleuB  e  nucleo — is  justified.  Whilst  this  stage  is  in  course  of  being 
completed,  the  body  of  the  cell  becomes  constricted  in  the  equatorial  plane 
of  the  spindle,  and,  as  the  constriction  deepens,  it  separates  into  two  parts, 
each  containing  a  daughter  nucleus,  so  Uiat  two  nucleated  cells  have 
arisen  out  of  a  pre-existing  cell. 

A  repetition  of  the  process  in  each  of  these  cells  leads  to  the  formation 
of  other  cells,  and,  although  modifications  in  details  are  found  in  differeDt 
kpeoies  of  plants  and  animals,  the  multiplication  of  cells  in  the  egg  and  in 
the  tissues  generally  on  similar  lines  is  now  a  thoroughly  established  fact 
io  Uological  science. 
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In  ifae  stnd;  of  karyoldneeis,  importance  faaa  been  attached  to  the 
unmber  of  chromoBomM  in  the  nnoleaa  of  the  oelL  Flemming  had  Men 
in  the  Balamaoder  twenty-four  ohromosome  fibrea,  vhiob  eeema  to  be  ft 
constant  number  in  the  cells  of  epitJieJimn  and  oonneotivo  tiauiea.  In 
other  cells  again,  especially  in  tlie  ova  of  certain  animala,  the  number  is 
■mailer,  and  fourteen,  twelve,  four,  and  even  two  only  have  been  deeoribed. 
The  tlieoty  formulated  by  Boveri  that  the  number  of  ohromosomee  is  con- 
stant for  each  species,  and  that  in  the  koijokinetic  figures  coireeponding 
numbers  are  found  in  homologous  cells,  seems  to  be  not  improbable. 

la  the  preceding  description  I  have  incidentalljr  referred  to  the  appear- 
ance in  the  proliferating  cell  of  an  achromatic  spindle-like  figure.  Althon^^ 
this  was  recognised  bjr  Fol  in  1673,  it  is  only  during  the  last  ten  or  twelve 
years  that  attention  has  been  paid  to  its  more  minute  arrangements  and 
possible  signification  in  cell-division. 

The  pole  at  each  end  of  the  ^indle  lies  in  the  cell  plasm  which  sur- 
rounds the  i^uclens.  In  tlie  centre  of  each  pole  is  a  somewhat  t^Mque 
spot  (central  body)  surrounded  by  a  dear  space,  which,  along  wjlh  the 
spot,  constitntes  the  centrosome  or  the  sphere  of  attrootion.  From  each 
centroBome  extremely  delioate  lines  may  be  seen  to  radiate  in  two  direc- 
tions. Oneset  extends  towards  the  pole  at  theoppoeito  endof  the  spindle 
and,  meeting  or  coming  into  close  proximity  wiUi  radiations  from  it,  con- 
stitutes the  body  of  the  spindle,  which,  like  a  perforated  mantle,  forms 
an  imperfect  envelope  around  the  nucleus  during  the  process  of  division. 
The  other  set  of  ladiations  is  called  the  polar,  and  extends  in  the  reffon 
of  the  pole  towards  the  periphery  of  the  celL 

The  question  has  been  much  discussed  whether  any  oonstituent  part 
of  the  achromatic  figure,  or  the  entire  figure,  exists  in  the  cell  as  a 
permanent  strut^ure  in  its  resting  phase  ;  or  if  it  is  only  present  daring 
the  process  of  karyokinesis.  During  the  development  of  the  egg  the 
formation  of  young  cells,  by  division  of  the  s^mentation  nncleus,  is  so 
rapid  and  continnooB  that  the  achromatic  figure,  with  the  centrosome  in 
the  pole  of  the  spindle,  is  a  readily  recognisable  object  in  each  oelL  The 
polar  and  spindle-like  radiali{oos  are  in  evidence  during  karyokinesis, 
and  have  apparently  a  temporary  endurance  and  function.  On  the 
other  hand,  van  Beneden  and  Boveri  were  of  opinion  that  the  central 
body  of  the  centrosome  did  not  disappear  when  the  division  of  the  nuclens 
came  to  an  end,  but  that  it  remained  as  a  constituent  part  of  a  cell  lying 
in  tJie  cell  plasm  near  to  the  nucleus.  Flemming  has  seen  the  centra] 
body  with  its  sphere  in  leucocytes,  as  veil  as  in  epithelial  cells  and 
those  of  other  tissues.  Subsequently  Heidenhain  and  other  histologists 
have  recorded  fimilar  observations.  It  would  seem,  therefore,  as  if  there 
were  reason  to  regard  the  centrosome,  like  the  nucleus,  as  a  permanent 
constituent  of  a  cell.  This  view,  however,  is  not  universally  entertaimd. 
If  not  always  capable  of  demonstration  in  the  resting  stage  of  a  cell,  it  is 
doubtless  to  be  regarded  as  potentially  present,  and  ready  to  i 
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along  with  the  ndiations,  a  ohancteristio  appdaranoQ  when  the  prooeu  of 
noolear  diviaion  ia  aboat  to  be^iu 

One  can  soaroely  r^;ard  the  prewnoe  of  so  remarkable  an  appearanoe 
aa  the  aohromatic  figure  without  associating  with  it  an  important  f  nnotion 
in  the  economy  of  the  cell.  As  from  the  centroeome  at  the  pole  of 
the  apindle  both  sets  of  radiations  divei^  it  ia  not  unlikely  that  it  acta 
a>  a  centre  or  sphere  of  energy  and  attnwtion.  By  some  obieiTers  the 
radiabimiB  are  r^arded  aa  subatantive  fibrillar  atruotures,  elastic  or  even 
contractile  in  their  properties.  Others,  again,  look  upon  them  as  morpho- 
Ic^ioal  expressiims  of  cheooical  and  dynamical  energy  in  the  protoplasm  of 
the  cell  body.  On  either  the(Hy  we  may  asaume  that  tiiey  indicate  an 
influence,  emanating,  it  may  be,  from  the  centrosome,  and  capable  of 
being  exercised  boUi  on  the  oell  plasm  and  on  the  nuclsns  contained 
in  it.  On  the  contractile  theory,  the  radiations  whioh  form  the  body 
of  the  apindle,  either  by  actual  traction  of  the  euppoeed  fibrilbe  or  by 
their  pressure  on  the  nnclens  which  they  surround,  might  impel  during 
karyoldaemB  the  dividing  ohromoeome  elements  towards  the  poles  of  the 
spindle,  to  form  there  the  daughter  nuclei.  On  the  dynamical  theory, 
tite  diemical  and  phyncal  energy  in  the  centroeome  might  influence  the 
cell  plasm  and  the  nucleus,  and  attract  the  chromosome  elements  of  the 
nucleus  to  the  poles  of  the  spindle.  The  radiated  appearanoe  would 
therefore  be  consequent  and  attendant  on  the  physico-chemical  aotiTity 
<^  the  centroBoma  One  or  other  of  these  theories  may  also  be  applied  to 
tiie  interpretation  of  the  significance  of  the  polar  radiations. 

Cell  Plasm. 

In  the  cells  <A  plants,  in  addition  to  the  cell  wall,  the  cell  body  and 
tin  oell  juice  require  to  be  examined.  Hie  material  of  the  cell  body,  or 
the  cell  contentSjWas  named  by  von  Mohl  (1846)  protoplasm,  and  consisted 
of  a  colourless  tenacious  substance  whioh  partly  lined  the  cell  wall 
(primordial  utricle),  and  partly  trarersed  the  interior  of  the  cell  as  deli- 
cate threads  enclosing  spaces  (Tacuoles)  in  which  the  cell  juice  was  con- 
tained. In  the  protoplasm  the  nnclsns  was  embedded.  Nogeli,  about  the 
same  time,  had  also  recognised  the  difference  between^  protoplasm  and 
the  other  contents  of  vegetable  cells,  and  had  noticed  its  nitrogenous  com- 
poeition. 

Though  the  anal<^  with  a  closed  bladder  or  vesicle  could  no  longer  be 
sos^ned  in  the  animal  tissues,  the  name  '  cell '  continued  to  be  retained 
for  desoriptive  purposes,  and  the  body  of  the  cell  was  spoken  of  as  a 
mam  or  less  soft  substance  enclosing  a  nucleus  (Leydig).  In  1661  Uax 
Bchaltze  adopted  for  the  substance  forming  the  body  of  the  animal  cell 
the  term  'protoplasm.'  He  defined  a  oell  to  be  a  particle  of  protoplasm 
in  tlie  substance  <^  which  a  nucleus  was  situated.  He  regarded  the 
prot^^lasm,  as  indeed  had  previously  been  pointed  out  by  the  botanist 
Unger,    as    essentially  the    same  aa   the    contractile    saroode   whidi 
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constitutes  the  body  and  pseudopodia  of  the  Amccbu  and  other  Rhizopoda. 
As  the  term  'protoplasm,'  as  'vell  as  that  of  'bioplasm'  employed  by 
Lionel  Beale  in  b,  somewhat  similar  though  not  precisely  identical  sense, 
involves  certain  theoretical  views  of  the  origin  and  function  of  the  body 
of  the  cell,  it  would  be  better  to  apply  to  it  the  more  purely  descriptive 
term  '  cytoplasm  '  or  '  cell  plasm.' 

Bchultze  defined  protoplasm  as  a  honiogeneoua,  glassy,  tenacious 
material,  of  a  jelly-like  or  somewhat  firmer  consistency,  in  which  numerous 
minute  granules  were  embedded.  He  regarded  it  as  the  part  of  the  cell 
especially  endowed  with  vital  energy,  whilst  the  exact  function  of  the 
nucleus  could  not  be  defined.  Based  upon  this  conception  of  the  jelly- 
like  character  of  protoplasm,  the  idea  for  a  time  prevailed  that  a  structure- 
less, dimly  granular,  jelly  or  slime  destitute  of  organisation,  possessed 
great  physiological  activity,  and  was  the  medium  through  which  the 
phenomena  of  life  were  displayed. 

Moreaccurate  conceptions  of  the  nature  of  the  cell  plasm  soon  began 
to  be  entertained.  Bi-iicke  recognised  that  the  body  of  the  cell  was  not 
simple,  but  had  a  complex  organisation.  Flemming  observed  that  the 
cell  plasm  contained  extremely  delicate  threads,  which  frequently  fonned 
a  network,  the  interspaces  of  which  were  occupied  by  a  more  homo- 
geneous substance.  Where  the  threads  crossed  each  other,  granular 
particles  (mikrosomen)  were  situated.  Biitschli  considered  that  he  could 
recognise  in  the  cell  plasm  a  honeycomb -like  appearance,  as  if  it  con- 
sisted of  excessively  minute  chambers  in  which  a  homogeneous  more  or 
less  fluid  material  was  contained.  The  polar  and  spindle-like  radiations 
visible  during  the  process  of  karyokinesis,  which  have  already  been 
referred  to,  and  the  presence  of  the  centrosome,  possibly  even  during  the 
resting  stage  of  the  cell,  furnished  additional  illustrations  of  differentiation 
within  the  cell  ptasm.  In  many  cells  there  appears  also  to  be  a  difierence 
in  the  characterof  the  cell  plasm  which  immediately  surrounds  the  nucleus 
and  that  which  lies  at  and  near  the  periphery  of  the  cell.  The  peri- 
pheral part  (ektoplaama)  b  more  compact  and  gives  a  definite  outline  to 
the  cell,  although  not  necessarily  differentiating  into  a  cell  membrane. 
The  inner  part  (endoplosma)  is  softer,  and  is  distinguished  by  a  more 
distinct  granular  appearance,  and  by  containing  the  products  specially 
formed  in  each  particular  kind  of  cell  during  the  nutritive  process. 

By  the  researches  of  numerous  investigators  on  the  internal  oiganisa- 
tion  of  cells  in  plants  and  animals,  a  large  body  of  evidence  has  now  been 
accumulated,  which  shows  that  both  the  nucleus  and  the  cell  plasm  con- 
sist of  something  more  than  a  homogeneous,  more  or  less  viscid,  slimy 
material  Recognisable  objects  in  the  form  of  granules,  threads,  or  fibres 
can  be  distinguished  in  each.  The  cell  plasm  and  the  nucleus  respectively 
are  their^ore  not  of  the  same  constitution  throughout,  but  possess  poly- 
morphic characters,  the  study  of  which  in  health  and  the  changes 
produced  by  disease  will  for  many  years  to  come  form  important  matters 
for  investigatioh.  _^ 
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Function  ofCelh. 

It  has  already  been  stated  that,  when  new  cells  arise  within  pre- 
existing cells,  division  of  the  nucleus  ia  associated  with  cleavage  of  the 
cell  plasm,  bo  that  it  participates  in  the  process  of  new  cell- formation. 
Undoubtedly,  however,  its  rdle  ia  not  limited  to  this  function.  It  also 
plays  on  important  part  in  secretion,  nutrition,  and  the  special  functions 
discharged  by  the  cells  in  the  tissues  and  organs  of  which  they  form 
morphological  elements. 

Between  1838  and  1B43  observations  were  made  which  showed  that 
cells  were  constituent  parts  of  secreting  glands  and  mucous  membranes 
(Schwann,  Henle).  In  1842  John  Ooodsir  communicated  to  the  Boyal 
Society  of  Edinburgh  s  memoir  on  secreting  structures,  in  which  he 
eetablished  the  principle  that  cells  are  the  ultimate  secreting  agents  ;  he 
recognised  in  the  cells  of  the  liver,  kidney,  and  other  organs  the  character- 
istic secretion  of  each  gland.  The  secretion  was,  he  said,  situated  between 
the  nucleus  and  the  cell  wall.  At  tirst  he  thought  that,  as  the  nucleus 
was  the  reproductive  organ  of  the  cell,  the  secretion  was  formed  in  the 
interior  of  the  eel)  by  the  agency  of  the  cell  wall  ;  but  three  years  later 
he  regarded  it  as  a  product  of  the  nucleus.  The  study  of  the  process  of 
spermatogenesis  by  his  brother,  Harry  Goodsir,  in  which  the  bead  of  the 
spermatozoon  was  found  to  correspond  with  the  nucleus  of  the  cell  in 
which  the  spermatozoon  arose,  gave  support  to  the  view  that  the  nucleus 
played  an  important  part  in  the  genesis  of  the  characteristic  product 
of  the  gland  cell. 

The  physiological  activity  of  the  cell  plasm  and  its  complex  chemical 
constitution  soon  after  b^an  to  be  recc^tsed.  Some  years  before  Max 
Scliultze  had  published  his  memoirs  on  the  characters  of  protoplasm, 
Brticke  had  shown  that  the  well-known  changes  in  tint  in  the  skin  of  the 
Chamieleon  were  due  to  pigment  granules  situated  in  cells  in  the  skin 
which  were  sometimes  diffused  throughout  the  cells,  at  others  concen- 
trated in  the  centre.  Similar  observations  on  the  skin  of  the  frog 
were  made  in  IS>^4  by  von  Wittich  and  Harless.  The  movements  were 
regarded  as  due  to  contraction  of  the  cell  wall  on  its  contents.  In  a 
most  interesting  paper  on  the  pigraentaiy  systeui  in  the  frog,  pub- 
lished in  185(4,  Lord  Lister  demonstrated  that  the  pigment  gi'anules 
moved  in  the  cell  plasma,  l)y  forces  resident  within  the  cell  itself, 
acting  under  the  inSuence  of  an  external  stimulant,  and  not  by  a 
contractility  of  the  wall.  Under  some  conditions  the  pigment  was 
attracted  to  the  centre  of  the  cell,  when  the  skin  became  pale  ;  under 
other  conditions  the  pigment  was  diffused  throughout  the  body  and  the 
branches  of  tlie  cell,  and  gave  to  the  skin  a  dark  colour.  It  was  also 
experimentally  shown  that  a  potent  influence  over  these  movements 
was  exercised  by  the  nervous  system. 

The  study  of  the  cells  of  glands  engaged  in  secretion,  even  when  the 
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Becretion  is  colourless,  and  the  comparison  of  their  appearance  when 
secretion  is  going  on  with  that  seen  when  the  cells  are  at  rest,  have 
shown  that  the  cell  plasm  is  much  more  granular  and  opaque,  and  coii- 
tAins  larger  particles,  during  activity  than  when  the  cell  is  passive  ;  the 
body  of  the  cell  swells  out  from  an  increase  in  the  contents  of  its  plasm,  and 
chemical  changes  accompany  the  act  of  secretion.  Ample  evidence,  there- 
fore, is  at  hand  to  support  the  position  taken  by  John  Goodsir,  nearly 
sixty  years  ago,  that  secretions  are  formed  within  cells,  and  lie  in  that 
part  of  the  cell  which  we  now  say  consists  of  the  coll  plasm  ;  that  each 
secreting  cell  is  endowed  with  its  own  peculiar  property,  according  to  the 
organ  in  which  it  is  situated,  so  that  bile  is  formed  by  the  cells  in  the 
liver,  milk  by  those  in  the  mamma,  and  so  on. 

Intimately  associated  with  the  process  of  secretion  is  that  of  nutri< 
tion.  As  the  cell  plasm  lies  at  the  periphery  of  a  cell,  and  as  it  is,  alike 
in  secretion  and  nutrition,  brought  into  closest  relation  with  the  sur- 
rounding medium,  from  which  the  pabulum  is  derived,  it  is  necessarily 
associated  with  nutritive  activity.  Its  position  enables  it  to  absorb 
nutritive  material  directly  from  without,  and  in  the  process  of  growth  it 
increases  in  amount  by  interstitial  changes  and  additions  throughout  its 
substance,  and  not  by  mere  accretions  on  its  surface. 

Hitherto  I  have  spoken  of  a  cell  as  s  unit,  independent  of  its 
neighbours  e^  regards  its  nutrition  and  the  other  functions  which  it  has 
to  discharge.  The  question  has,  however,  been  discussed,  whether  in  a 
tissue  composed  of  cells  closely  packed  together  cell  plasm  may  not  give 
origin  to  processes  or  threads  which  are  in  contact  or  continuous  with 
corresponding  processes  of  adjoining  cells,  and  that  cells  may  therefore,  to 
some  extent,  lose  their  individuality  in  the  colony  of  which  they  are 
members.  Appearances  were  recognised  between  1863  and  1870  by 
Schrijn  and  others  in  the  deeper  cells  of  the  epidermis  and  of  some 
mucous  membranes  which  gave  sanction  to  this  view,  and  itseems  possible, 
through  contact  or  continuity  of  threads  connecting  s  cell  with  its  neigh- 
Ixjurs,  that  cells  may  exercise  a  direct  influence  on  each  other. 

Nageli,  the  botanist,  as  the  foundation  of  a  mechanico- physiological 
theory  of  descent,  considered  that  in  plants  a  network  of  cell  plasm, 
named  by  him  idio-plasm,  extended  throughout  the  whole  of  the  plant, 
forming  its  specific  molecular  constitution,  and  that  growth  and  activity 
were  regulatetl  by  its  conditions  of  tension  and  mu\'cmeiits  (1H84). 

The  study  of  the  structure  of  plants  with  special  reference  to  tlie 
presence  of  un  intercellular  network  has  for  some  years  l>een  pursued  by 
Walter  Gardiner  (1882  97),  who  has  demonstrated  threads  of  cell  plasm 
protruding  through  the  walls  of  ^'egetable  cells  and  continuous  with 
similar  threads  from  adjoining  cells.  Structurally,  therefore,  a  plant  may 
lie  conceived  to  be  built  up  of  a  nucleated  cytoplasmic  network,  each 
nucleus  with  the  branching  cell  plasm  suri-ounding  it  being  a  centre  of 
activity.     On  this  view  ii  cell  would  I'elsin  to  some  extent  its  individuality, 
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tluraf^,  ofi  Gardiner  oo&tcoids,  the  connectiag  Uireadi  would  be  the  mediam 
for  the  conduction  of  impnlaes  and  of  food  from  a  cell  to  those  whidt  lie 
around  it.  For  the  plant  cell  therefore,  as  has  long  bee^  accepted  in  the 
animal  cell,  the  wall  ia  reduced  to  a  seoondarf  position,  and  the  active  con- 
stituent is  the  nucleated  cell  plasm.  Itisnotonlikely  that  the  absence  of  a 
contax>lUiig  iierrous  STStem  in  plants  requires  the  plasm  of  adjoining  cells 
to  be  brought  into  more  immediate  contact  and  continuity  than  is  the 
case  witli  the  generality  of  animal  cella,  so  as  to  provide  a  mechanism  for 
hannoninng  the  nutritive  and  other  functional  processes  in  the  different 
areas  in  the  body  of  the  plant.  In  this  particular,  it  ia  of  interest  to  note 
that  the  epithelial  tissues  in  animals,  where  somewhat  similar  oonneoting 
arrangements  occur,  are  only  indirectly  associated  with  the  nervous  and 
vascular  systems,  so  that,  as  in  plants,  the  cells  may  require,  for  nutritive 
and  other  pni^Kiees,  to  act  and  react  directly  on  each  other. 

2fervis  Cells. 

Oi  recent  years  great  attention  has  been  paid  to  the  intimate  struc* 
tore  oi  nerve  cells,  and  to  the  appearance  which  they  present  when  in 
ths  exercise  of  their  functional  activity.  A  nerve  cell  is  not  a  secreting 
oell ;  that  is,  it  does  not  derive  from  the  blood  or  surrounding  fluid  a 
pabulum  which  it  elaborates  inta  a  visible,  palpable  secretion  charac- 
teristic of  the  organ  of  which  the  cell  is  a  constituent  element,  to  be  in 
doe  coarse  discharged  into  a  dact  which  conveys  the  secretion  out  of 
the  gUnd.  ITerve  cells,  through  the  metabolic  changes  which  take  place 
in  them  in  connection  with  their  nutrition,  are  associated  -with  the  pro- 
duction of  the  form  of  energy  termed  nerve  energy,  specially  exhibited 
by  animals  which  possess  a  nervous  system.  It  has  long  been  known 
th«t  every  nerve  cell  has  a  body  in  whic^  a  relatively  large  nucleus  is 
situated.  A  most  important  discovery  was  the  reception  that  the  body 
of  every  ntrve  cell  had  one  or  more  processes  growing  out  from  it.  More 
recently  it  has  been  proved,  chiefly  through  the  researches  of  Schultze, 
Sis,  0olgi,  and  Bamon  y  Cajal,  that  at  least  one  of  the  processes,  the 
axon  o£  the  nerve  cell,  is  coptinued  into  the  axial  cylinder  of  a  nerve 
fibre,  and  that  in  the  multipolar  nerve  cell  the  other  processes,  or 
dendritee,  branch  and  ramify  for  some  distance  away  from  the  body.  A 
nerve  fibre  is  therefore  an  essential  part  of  thtj  cell  with  which  it  i» 
QOnlinuous,  and  the  cell,  its  processes,  the  nerve  fibre  and  the  collaterals 
which  arise  from  the  nerve  fibre  collectively  form  a  neuron  or  stractural 
nerve  unit  (Waldeyer).  The  nucleated  body  of  the  nerve  cell  is  the 
^yeicdc^jcal  centre  of  the  unit. 

The  cell  plasm  occupies  both  the  body  of  the  nerve  cell  and  its  pro- 
cesses. The  intimate  st^cture  of  the  plasm  has,  by  improved  methods 
of  observation  introduced  during  the  last  eight  years  by  Niasl,  and  con- 
ducted «u  similar  lines  by  other  investigators,  become  more  definitely 
understood.    It  has  been  ascertained    that  it  possesses   two    distind; 
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charaoters  which  impl]'  different  stroctares.  One  atsins  deeply  on  the 
addition  of  certain  dyea,  and  is  named  chromophile  or  chromatic  aub- 
stanoe  ;  the  other,  which  doea  not  possess  a  similar  property,  is  the 
achromatic  network.  The  chromophile  ia  found  in  the  cell  body  and 
the  dendritic  processes,  but  not  in  the  axon.  It  occurs  in  the  form 
of  granular  particles,  which  may  be  scattered  throughout  the  plasm,  or 
aggr^ated  into  little  heaps  which  are  elongated  or  fusiform  in  shape 
and  appear  as  distinct  coloured  particles  or  masses.  The  achromatic 
network  is  foond  in  the  cell  body  and  the  dendrites,  and  is  continued 
also  into  the  axon,  where  it  forms  the  axial  cylinder  of  the  nerve  fibre. 
It  consists  apparently  of  delicate  threads  or  fibrilhe,  in  the  meshes  of 
which  a  homogeneous  material,  such  as  ia  found  in  cell  plasm  generally, 
is  contained.  In  the  nerve  cells,  as  in  other  cells,  the  plasm  is  without 
doubt  concerned  in  the  process  of  cell  nutritiou.  The  achromatic  fibrillie 
exercise  an  important  influence  on  the  axon  or  nerve  fibre  with  which  they 
are  continuouB,  and  probably  they  conduct  the  nerve  impulses  which 
manifest  themselves  in  the  form  of  nerve  energy.  The  dendritic  processes 
of  a  multipolar  nerve  cell  ramify  in  close  relation  with  similar  processes 
branching  from  other  cells  in  the  same  group.  The  collaterab  and  the 
free  end  of  the  axon  fibre  process  branch  and  ramify  in  association  with 
tbe  body  of  a  nerve  cell  or  of  its  dendrites.  We  cannot  say  that  these 
parts  are  directly  continuous  with  each  other  to  form  an  intercellular 
network,  but  they  are  apparently  in  apposition,  and  through  contact  exer- 
cise influence  one  on  the  other  in  tbe  tranamission  of  nerve  impulses. 

There  is  evidence  to  show  that  in  the  nerve  cell  the  nucleus,  as  well 
as  the  cell  plasm,  is  an  effective  ^ent  in  nutrition.  When  the  cell  is 
functionally  active,  bo^  the  cell  body  and  the  nucleus  increase  in  size 
(Vas,  G.  Mann,  Lugaro)  ;  on  the  other  hand,  when  nerve  cells  are  fatigued 
through  excessive  use,  the  nucleus  decreases  in  size  and  shrivels  ;  the  cell 
plasm  also  shrinks,  and  it«  coloured  or  chromophile  constituent  becomes 
diminished  in  quantity,  as  if  it  had  been  consumed  during  the  prolonged 
use  of  the  cell  (Hodge,  Mann,  Lugaro).  It  is  interesting  also  to  note  that 
in  hibernating  animals  in  the  winter  season,  when  their  functional  activity 
is  reduced  toA  minimum,  the  chromophile  in  the  plasm  of  the  nerve  cells 
is  much  amolleriQ  amount  than  when  the  animal  is  leading  an  active  life 
in  t^e  spring  and  summer  (G.  Levi). 

When  a  nerve  cell  has  attained  its  normal  size  it  does  not  seem  to  b« 
capable  of  reproducing  new  cells  in  its  substance  by  a  process  of  karyo- 
kinesis,  such  as  takes  placo  when  young  cells  arise  in  the  egg  and  in  the 
tissues  generally.  It  would  appear  that  nerve  cells  are  so  highly  special- 
ised in  tiieir  association  with  tbe  evolution  of  nerve  energy,  tbat  th^ 
have  ceased  to  have  the  power  of  reproducing  their  kind,  and  the 
metabdic  changes  both  in  cell  plasm  and  nucleus  are  needed  to  enable 
them  to  discharge  their  very  peculiar  function.  Hence  it  follows  that 
when  a  portion  of  the  brain  or  other  nerve-centre  is  destroyed,  the 
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injury  is  not  repaired  by  the  production  of  fresh  apecimens  of  their 
characteristic  cells,  as  woald  be  the  case  in  injuries  to  bones  and  tendons. 

In  our  endearonrs  to  differentiate  the  function  of  the  nucleus  from 
that  of  the  cell  plasm,  we  should  not  regard  the  former  as  concerned 
only  in  the  production  of  young  cells,  and  the  latter  as  the  exclusive 
sgent  in  growth,  nutrition,  and,  where  gland  cells  are  concerned,  in  the 
formation  of  their  characteristio  products.  As  regards  cell  reproduction 
also,  thou^  the  process  of  division  begins  in  t^e  nucleus  in  its  chromo- 
some constituents,  the  achromatic  figure  in  the  cell  plasm  undoubtedly 
plays  a  part,  and  the  cell  plasm  itself  ultimately  undergoes  cleavage. 

A  few  years  ago  the  tendency  amongst  biolt^^ts  was  to  ignore  or 
attach  but  little  importance  to  the  physiological  nae  of  the  nucleus  in  the 
nucleated  oell,  and  to  r^ard  the  protoplasm  as  the  essential  and  active 
constituent  of  living  matter ;  so  much  so,  indeed,  was  this  the  case  that 
independent  organisms  regarded  as  distinct  species  were  described  as  con- 
sisting of  protoplasm  destitute  of  a  nuclens ;  also  that  scraps  of  proto- 
plasm separat«d  from  larger  nucleated  mosses  could,  when  isolated,  exhibit 
vital  phenomena.  There  is  reason  to  believe  that  a  fragmentofprotoplasm, 
when  isolated  from  the  nucleus  of  a  cell,  though  retaining  its  contractility 
and  capable  of  nourishing  itself  for  a  short  time,  cannot  increase  in  amount, 
act  as  a  secreting  structure,  or  reproduce  its  kind :  it  soon  loses  its 
activity,  withers,  and  dies.  In  order  that  these  qualities  of  living  matter 
ahoald  be  retained,  a  nucleus  is  by  most  observers  regarded  as  necessary 
{Kossbanm,  Gruber,  Haberlandt,  KorscbeU),  and  that  for  the  complete 
manifestation  of  vital  activity  both  nucleus  and  cell  plasm  are  required. 

Bacteria. 
The  observations  of  Cohn,  made  about  thirty  years  ago,  and  those  of 
De  Bary  shortly  afterwards,  brought  into  notice  a  group  of  organisms  to 
whici)  the  name '  bacterium '  or '  microbe '  is  given. '  They  were  seen  to  vary 
in  shape  :  some  were  rounded  specks  called  cocci,  others  were  straight  rods 
called  bacilli,  others  were  curved  or  spiral  rods,  vibrios  or  spirillK.  All  were 
characterised  by  their  extreme  minuteness,  and  required  for  their  exami- 
nation the  highest  powers  of  the  best  microscopes.  Many  bacteria 
measure  in  their  least  diameter  not  more  than  77^1)1;''^  *>'  '^  inch, 
,'qth  the  diameter  of  a  human  white  blood  corpuscle.  Through  the  re- 
searches of  Fastenr,  Lord  Lister,  Koch,  and  ot^er  observers,  bacteria  have 
been  shown  to  play  an  important  part  in  nature.  They  exercise  a  very  re- 
markable power  over  organic  substances,  especially  t^ose  which  are  com- 
plex in  chemical  constitution,  and  can  resolve  them  into  simpler  combina- 
tions. Owing  to  this  property,  some  bacteria  are  of  great  economic  value, 
and  without  their  agency  many  of  our  industries  conld  not  be  pursued  ; 
others  again,  and  these  are  the  most  talked  of,  exercise  a  malign  influ- 
ence in  the  production  of  the  most  deadly  diseases  which  afflict  man  and 
the  domestic  animals. 
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Great  attention  has  been  given  to  the  strnotare  ol  bacteria  and  to 
their  mode  of  propagation.  When  examined  in  the  tiring  state  and 
magnified  about  2,000  times,  a  bacterium  appears  as  A  homogeneous  par- 
ticle, with  a  sharp  definite  outline,  though  a  membfanons  envelope  or 
wall,  distinct  from  the  body  of  the  bact«Iinm,  cannot  at  flret  be  recog- 
nised ;  but  when  treated  with  reagents  a  membranous  envelope  appears, 
the  presence  of  which,  without  doubt,  gives  precision  of  form  to  the 
bacterium.  The  substance  within  the  membrane  contains  granules  which 
can  be  dyed  with  colouring  agents.  Owing  to  their  extreme  minuteness 
it  is  (difficult  to  pronounce  an  opinion  on  the  nature  of  the  chromatine 
granules  and  the  substance  in  which  they  lie.  Some  observers  regard  this 
substance  as  nuclear  material,  invested  by  only  a  thin  layer  of  protoplasm, 
on  which  view  a  bacterium  would  be  a  nucleated  cell.  Others  consider  the 
bacterium  as  formed  of  protoplasm  containing  granules  capable  of  being 
coloured,  which  are  a  part  of  the  protoplasm  itself,  and  not  a  nuclear  sub- 
stance. On  the  Utter  view,  bacteria  would  consist  of  cell  plasm  enclosed 
in  a  membrane  and  destitute  of  a  nucleus.  Whatever  be  the  oature  of 
the  granule- containing  material,  each  bacterium  is  regarded  as  a  cell,  the 
minutest  and  simplest  living  particle  capable  of  an  Independent  existence 
that  has  yet  been  discovered. 

Bacteria  cells,  like  cells  generaUy,  can  reproduce  their  kind.  They 
multiply  by  simple  fission,  probably  with  an  ingrowth  of  the  cell  wall,  but 
without  the  fearyokinetio  phenomena  observed  in  nucleated  cells.  Each 
cell  gives  rise  to  two  daughter  cells,  which  may  for  a  time  remain  attached 
to  each  other  and  form  a  cluster  or  a  chain,  or  they  may  separate  and 
become  independent  isolated  cells.  The  multiplication,  under  favourable 
conditions  of  tight,  air,  temperature,  moisture,  and  food,  goes  on  with 
extraordinary  rapidity,  so  that  in  a  few  hours  many  tJrauaand  new  indi- 
viduals may  arise  from  a  parent  bacterium. 

Connected  with  the  life-history  of  a  bacterium  cell  is  the  formation  in 
its  substance,  in  many  species  and  under  certain  conditions,  of  a  highly 
refraotile  shiny  particle  called  a  spore.  At  first  sight  a  spore  seems  as  if 
it  were  the  nucleus  of  the  bacterium  cell,  but  it  is  not  always  present 
when  multiplication  by  cleavage  is  taking  place,  and  when  present  it  does 
not  appear  to  take  part  in  the  fission.  On  the  other  hand,  a  spore,  from 
the  character  of  its  envelope,  possesses  great  power  of  resistance,  so  tliat 
dried  bacteria,  when  placed  in  conditions  favourable  to  germination,  can 
through  their  spores  germinate  and  resume  an  active  existence.  Bpore 
formation  seems,  therefore,  to  l>e  a  provimon  for  continuing  the  life  of  the 
bacterium  under  conditions  which,  if  spores  bad  not  formed,  would 
have  been  the  cause  of  its  death. 

The  time  has  gone  by  to  search  for  the  origin  of  tivii^  organiams  by  a 
spontaneous  aggregation  of  molecules  in  vegetable  or  other  infusions,  or 
from  a  layer  of  formless  primordial  slime  difi^ised  over  the  bed  of  the  ocean. 
Living  matter  daring  our  epoch  has  been,  and  cof^tinnes  to  be,  derived 
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from  pre-exiating  living  matter,  even  when  it  poasenes  the  aimplioity  of 
stntctnre  of  a  bacterinm,  and  the  morphological  unit  is  the  cell. 

Development  of  the  Egg. 

As  the  future' of  the  entire  organism  liee  in  ttie  fertilised  ^g  cell,  we 
may  now  briefly  review  the  arrangements,  consequent  on  the  process  of 
■egmentation,  which  lead  to  the  formation,  let  na  say  in  the  ^g  of  a 
bird,  of  the  embryo  or  young  chick. 

In  the  lattet  part  of  the  last  century,  C.  F.  Wolff  observed  that  the 
bqpnning  of  the  embryo  was  associated  with  the  formation  of  layers,  and 
in  1817  Pander  demonstrated  that  in  the  hen's  egg  at  first  one  layer, 
called  mucous,  appeared,  then  a  second  or  serous  layer,  to  be  followed  l^  a 
third,  intermediate  or  vascular  layer.  In  1828  von  Baer  amplified  our 
knowledge  in  his  famous  treatise,  which  from  its  grasp  of  the  subject 
created  a  new  epoch  in  the  science  of  embryology.  It  was  not,  however, 
nntil  the  discovery  by  Schwann  of  cells  as  constant  factors  in  the  stmo- 
ture  of  animals  and  in  their  relation  to  development  that  the  true  nature 
of  these  layers  was  determined.  We  now  know  that  each  layer  oonsists 
of  cells,  and  that  all  the  tissues  and  organs  of  the  body  are  derived  from 
tiiem.  Numerous  observers  hare  devoted  themselves  for  many  years  to 
the  study  of  each  layer,  with  the  view  of  determining  the  share  which  it 
takes  in  the  formation  of  the  constituent  parts  of  the  body,  more  especially 
in  the  higher  animals,  and  the  important  conclusion  haa  been  arrived  at 
that  each  kind  of  tissue  invariably  arises  from  one  of  these  layers  and 
from  no  other. 

The  layer  of  cells  which  contributes,  both  as  regards  the  number  and 
+ariety  of  the  tissues  derived  from  it,  most  largely  to  the  formation  of  the 
body  is  the  middle  layer  or  mesoblast.  From  it  the  skeleton,  the  muscles, 
and  other  locomotor  organs,  the  true  skin,  the  vascular  system,  including 
the  blood,  and  other  structures  which  I  need  not  detail,  take  their  rise. 
From  the  inner  layer  of  cells  or  hypoblast,  the  principal  derivatives  are  the 
epithelial  lining  of  the  alimentary  canal  and  of  the  glands  which  open  into 
it,  and  the  epithelial  lining  of  the  air-paasi^s.  The  outer  or  epiblast  layer 
of  cells  gives  origin  both  to  the  epidermis  or  scarf  skin  and  to  the  nervous 
■ystetn.  It  is  interesting  to  note  that  from  the  same  layer  of  the  embryo 
arise  parta  so  difi'erent  in  importance  as  the  cuticle— a  mere  protecting 
Btmctare,  which  is  constantly  being  shed  when  the  skin  is  subjected  to  the 
friction  of  a  towel  or  the  clothes — and  the  nervous  system,  including  the 
brain,  the  most  highly  dilTerentiated  system  in  the  animal  body.  How 
completely  the  cells  from  which  they  are  derived  had  diverged  from  each 
other  in  the  course  of  their  differentiation  in  structure  and  properties  is 
shown  by  the  fact  that  the  cells  of  the  epidermis  are  continnally  engaged 
in  reproducing  new  cells  to  replace  those  which  are  shed,  whilst  the  cells 
d(  the  nervona  system  have  apparently  ]ort  the  power  of  reproducing 
tbeirkind, 
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Id  the  early  stags  of  the  development  of  the  egg,  the  cells  in  a  given 
lajer  resemble  eaoh  other  in  form,  and,  ss  far  as  can  be  judged  from  their 
(qipearance,  are  alike  in  stnicture  and  properties.  As  the  derelopment 
proceeds,  the  cells  begin  to  show  differences  in  character,  and  in  the  course 
of  time  the  tissues  which  arise  in  each  layer  differentiate  from  each  other 
and  can  be  readily  recognised  by  the  observer.  To  use  the  language  of 
von  Baer,  a  generalised  structure  has  become  specialised,  and  each  of  the 
special  tissues  produced  exhibits  its  own  structure  and  properties.  These 
changes  are  coincident  with  a  rapid  multiplication  of  the  cells  by  cleavage, 
and  thus  increase  in  size  of  tJie  embryo  accompanies  specialisation  of 
structure.  As  the  process  continues,  the  embryo  gradually  assumes  the 
shape  characteristic  of  the  species  to  which  ito  parents  belonged,  until  at 
length  it  is  fit  to  be  bom  and  to  assume  a  separate  existence. 

The  conversion  of  cells,  at  first  uniform  in  character,  into  tissues  of  a 
diverse  kind  is  due  to  forces  inherent  in  the  cells  in  each  layer.  The  cell 
plasm  plays  an  active  though  not  an  exclusive  part  in  the  specialisation  ; 
for  as  the  nucleus  influences  nutrition  and  secretion,  it  acts  as  a  factor  in 
the  differentiation  of  the  tissues.  When  tissues  so  diverse  in  character  as 
muscular  fibre,  cartilage,  fibrous  tissues,  and  bone  arise  from  the  cells  of  the 
middle  or  mesoblast  layer,  it  is  obvious  that,  in  addition  to  the  morphological 
differentiation  affecting  form  and  structure,  a  chemical  differentiation  affect- 
ing composition  also  occurs,  as  the  result  of  which  a  physiological  differen- 
tiation takes  place.  Corresponding  differentiations  also  modify  the  cells 
of  the  outer  and  inner  layers.  The  tissues  and  organs  become  fitted  to 
transform  the  energy  derived  from  the  food  into  muscular  energy,  nerve 
energy,  and  other  forms  of  vital  activity.  Hence  the  study  of  the  develop- 
ment of  the  generalised  cell  layera  in  the  young  embryo  enables  us  to 
realise  how  all  the  complex  constituent  parts  of  the  body  in  the  higher 
animals  and  in  man  are  evolved  by  the  process  of  cell  growth  and  differen- 
tiation from  a  simple  nucleated  cell — the  fertilised  ovum.  A  knowledge 
of  the  cell  and  of  its  life-history  is  therefore  the  foundation-stone  on 
which  biol<^cal  science  in  all  its  departments  is  based. 

If  we  ore  to  understand  by  an  organ  in  the  biological  sense  a  complex 
body  capable  of  oarrying  on  a  natural  process,  a  nucleated  cell  is  an  organ 
in  its  simplest  form.  In  a  unicellular  animal  or  plant  such  an  organ 
exists  in  its  most  primitive  stage.  The  higher  plants  and  animals  again 
are  built  up  of  multitudes  of  these  organs,  each  of  which,  whilst  having 
its  independent  life,  is  associated  with  the  others,  so  that  the  whole  may 
act  in  unison  far  a  common  purpose.  As  in  one  of  your  great  factories 
each  spindle  is  engaged  in  twisting  and  winding  its  own  thread,  it  is  at 
the  same  time  intimately  associated  with  the  hundreds  of  other  spindles 
in  its  immediate  proximity,  in  the  manufacture  of  the  yam  from  which 
the  web  of  cloth  is  ultimately  to  be  woven. 

It  has  taken  more  than  fifty  years  of  hard  and  continuous  work  to 
bring  our  knowledge  of  the  structure  and  development  of  the  tifsues  an<^ 
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orgtma  of  planti  and  onimala  np  to  the  level  of  the  present  day.  Amidst 
the  host  of  DMuea  of  mTeetig&ton,  both  at  borne  and  abroad,  who  have  ood< 
tribnted  to  its  progress,  it  may  seem  invidious  to  particolarise  iadiridnals. 
There  are,  however,  a  few  that  I  cannot  forbear  to  mention,  whose  claim 
to  be  named  on  sncb  an  occasion  as  this  will  be  generally  conceded. 

Botanists  will,  I  think,  acknowledge  Wilhelm  HofmeiBt«r  as  a  master 
in  morphology  and  embryology,  Julius  von  Sachs  as  the  most  importont 
investigator  in  v^table  physiology  during  the  last  quarter  of  the  oentnry, 
and  Strasburger  as  a  leader  in  the  study  of  the  phenomena  of  nuclear 
di  virion. 

Thn  researches  of  the  veteran  Professor  of  Anatomy  in  Wiirzbnrg, 
Albert  von  Kolliker,  have  covered  the  entire  field  o£  animal  histology. 
His  first  paper,  published  fifty-nine  years  ago,  was  followed  by  a  suc- 
cession of  memoirs  and  books  on  human  and  comparative  histology  and 
embryology,  and  culminated  in  his  great  treatise  on  the  structure  of  the 
brain,  published  in  1896.  Notwithstanding  the  weight  of  more  than 
eighty  years,  ho  continnes  to  prosecute  histological  research,  and  has 
published  the  results  of  bis  latest,  though  let  us  hope  not  his  last,  work 
during  the  present  year. 

Amongst  our  own  countrymen,  and  belonging  to  the  generation  which 
has  almost  passed  away,  was  William  Bowman.  His  investigations 
between  1840  and  1850  on  tbe  mucous  membranes,  muscnlar  fibre, 
and  the  stmcturs  of  the  kidney,  together  with  his  researches  on  the 
organs  of  sense,  were  characterised  by  aa  acut«nees  of  observation  and  of 
interpreting  difficult  and  complicated  appearances  which  has  made  his ' 
memoirs  on  these  subjects  landmarks  in  the  history  of  histological 
inquiry. 

Of  the  younger  generation  of  biologists  Francis  MaitJand  Balfour, 
whose  early  death  is  deeply  deplored  as  a  loss  to  British  science,  was 
one  of  the  most  distinguished.  His  powers  of  observation  and  ptulosophic 
perception  gave  him  a  high  place  as  an  original  inquirer,  and  the  charm  of 
his  personality — for  chu^n  is  not  the  exclusive  possession  of  the  fairer 
aex—flndeored  him  to  his  friends. 

GenercU  Morphology, 
Along  with  the  study  of  the  origin  and  structure  of  the  tissues  of 
organised  bodies,  much  attention  has  been  given  during  the  oentnry  to 
the  parts  or  organs  in  plants  and  animals,  with  the  view  of  determining 
-where  and  how  they  take  their  rise,  the  order  of  their  formation,  the 
obonges  which  they  pass  through  in  the  early  stages  of  development,  and 
their  relative  positions  in  tbe  organism  to  which  they  belong.  Investi- 
gations on  these  lines  are  spoken  of  as  morphological,  and  are  to  be  dis- 
tingnisbed  from  tbe  study  of  their  physiological  or  functional  relations, 
though  both  are  necessary  for  the  full  comprehension  of  the  living 
qrganisir. 
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The  first  to  raoogmse  that  morphologioal  relationfl  fiiigbt  etist  bettredn 
the  oi^&na  of  a  plant,  dissimilar  as  regards  their  frmotion,  was  the  pbeb 
Ooethe,  whoso  observations,  guided  by  his  itaaginatire  faculty,  led  him  to 
declare  tiiat  the  oalys,  corolla,  and  other  parts  of  a  flower,  the  soalei  of  a 
bulb,  tbc.,  were  metamorphoeed  leaves,  a  principle  generally  accepted  by 
botanists,  and  indeed  extended  to  other  parts  of  a  plant,  which  are  referred 
to  certain  common  morphological  forms  althongh  they  exercise  different 
functions.  Goethe  also  applied  the  same  principle  in  Uie  Atudy  of  the 
skeletMis  of  vertebrate  animals,  and  he  formed  the  opinion  that  the  spinal 
column  and  the  BkuU  were  essentially  alike  in  construction,  and  conAirited 
of  vertebne,  an  idea  which  was  also  independently  oonceived  and  advocated 
by  Oken. 

The  anatomist  who  in  our  country  most  strenuously  applied  himself  to 
the  morphological  study  of  the  skeleton  waa  Richard  Owen,  whose  know- 
ledge of  animal  structure,  based  upon  his  own  dissections,  was  unrivalled 
in  range  and  variety.  He  elaborated  the  conception  of  an  ideal,  archetype 
vertebrate  form  which  had  no  existence  in  nature,  and  to  which,  subject 
to  modifications  in  various  directions,  he  considered  all  vertebrate  skeletons 
might  be  referred.  Owen's  observations  were  conducted  to  a  large  extent 
on  the  skeletons  of  adult  animals,  of  the  knowledge  of  which  he  was  a 
master.  As  in  the  course  of  development  modifications  in  shape  and  in 
the  relative  position  of  parts  not  ttnfrequently  occur  and  their  original 
character  and  plttce  of  origin  become  obscured,  it  is  difficult,  from  the  study 
only  of  adults,  to  arrive  at  a  correct  interpretation  of  their  morphological 
significance.  When  the  changes  which  take  place  in  the  sknll  during  its 
development,  as  worked  oat  by  Beichert  and  Kathke,  became  known  and 
their  value  had  become  appreciated,  many  of  the  conclusions  arrived  at  by 
Owen  were  chollmged  and  ceased  to  be  accepted.  It  is,  however,  due  to 
that  eminent  anatomist  to  state  from  my  personal  knowledge  of  the 
condition  of  anatomical  science  in  this  countiy  fifty  years  ago,  that  an 
enormous  impulse  was  given  to  the  study  of  comparative  morphology 
by  his  writings,  and  by  the  criticisms  to  which  they  were  subjected. 

There  can  be  no  doubt  that  generalised  arrangements  do  exist  in  the 
early  embryo  which,  up  to  a  certain  stage,  are  common  to  animals  that 
in  rtieir  adult  condition  present  diverse  characters,  and  out  of  which  the 
forms  special  to  diffbrent  groups  are  evolved.  As  &a  illustration  of  this 
principle,  I  may  refer  to  the  stages  of  development  of  the  great  arteries 
in  the  bodies  of  vertebrate  animals.  Originally,  as  the  observations  of 
Bathke  baVe  taught  us,  the  main  arteries  are  represented  by  pairs  of 
symmetrically  arranged  vascular  arches,  some  of  which  enlarge  and  con- 
stitute the  permanent  arteries  in  the  adult,  whilst  others  disappear.  The 
increase  in  size  of  some  of  these  arches,  and  the  atrophy  of  others,  are  so 
constant  for  different  groups  that  they  constitute  anatomical  features 
OS  distinctive  as  the  modifications  in  the  skeleton  itself.  Thus  in  mom- 
mas the  fourth  vascular  arch  on  the  left  side  persiBts,  and  tfax^a  ^  atrdh 
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of  the  aorta ;  in  birds  the  correspoading  part  of  the  aorta  Is  «n  enlarge- 
ment  of  the  fonrth  right  arch,  aad  in  reptiles  both  arches  persist  to  form 
the  great  artery.  That  this  original  symmetry  exists  also  in  man  we 
know  from  the  fact  that  now  and  again  his  body,  instead  of  oorrespond- 
ing  with  the  mammalian  type,  has  an  aortic  aich  like  that  which  is 
nataral  to  the  bird,  and  in  rarer  cases  even  to  the  reptile.  A  type  form 
common  to  the  vertebrata  does  therefore  in  sach  coses  exist,  capable  of 
evolution  in  more  than  one  direction. 

The  reputation  of  Thomas  Henry  Huxley  as  a  philosophic  compara- 
tive  anatomist  rests  largely  on  his  early  perception  of,  and  insistence  on, 
the  necessity  of  testing  morphological  conclusions  by  a  reference  to  the 
development  of  parU  and  organs,  and  by  applying  this  principle  in  his  own 
investigations.  The  principle  is  now  so  generally  accepted  by  both  botanists 
snd  anatomists  that  morphological  detinitions  are  regarded  as  depending 
essentially  on  the  successive  phases  of  the  development  of  the  parts 
under  consideration. 

The  morphological  characters  exhibited  by  a  plant  or  animal  tend 
to  be  hereditarily  transmitted  from  parents  to  offspring,  and  the 
tpecies  is  perpetuated.  In  each  species  the  evolution  of  an  individual, 
throngh  the  developmental  changes  in  the  egg,  follows  the  same  lines  in 
all  the  individuals  of  the  same  species,  which  possess  therefore  in  oommon 
the  features  called  specific  characters.  The  transmission  of  these  charac- 
ters is  due,  according  to  the  theory  of  Weismann,  to  certain  properties 
posaeased  by  the  ohnmiosome  constituents  of  the  segmentation  nnoleos  in 
the  fertilised  ovum,  named  by  him  the  germ  plasm,  which  is  contjnaed 
bom  one  generation  to  another,  and  impresses  its  specific  character  on  tiie 
Ogg  and  on  the  plant  or  animal  developed  from  it. 

As  has  already  been  stated,  the  special  tissues  which  build  up  the  bodies 
of  the  more  complex  organisms  are  evolved  out  of  cells  which  are  at  first 
simple  in  form  and  appearance.  During  the  evolution  of  the  individual, 
cells  become  modified  or  differentiated  in  structure  and  function,  and 
10  long  as  the  dmerentiation  follows  certain  prescribed  lines  the  morpho- 
logical characters  of  the  species  are  preserved.  We  can  readily  conceive 
that,  aa  the  process  of  specialisation  is  goingon,  modifications  or  variations 
in  groups  of  cells  and  the  tissues  derived  from  them,  notwithstanding  the 
influence  of  heredity,  may  in  an  individual  diverge  so  far  from  that  which 
is  characteristic  of  the  species  as  to  assume  the  arrangements  found  in 
sootiier  species,  or  even  ip  another  order.  Anatomists  had  indeed  long 
reot^niaed  that  variations  from  the  tmstomary  arrangement  of  parts 
oocasionally  appeared,  and  they  described  such  deviations  from  the  current 
descriptions  aa  irregularities. 

Darwinian  Theory. 
The  signification  of  the  variations  which  arise  in  plants  and  animals 
bad  not  been  apprehended  untU  a  flood  of  light  was  thrown  on  Uie  entire 


,  .vGooglc 


28  REPORT — 1900. 

mibject  by  the  geniiu  of  Charles  Darwin,  vho  formulated  the  wide- 
reaching  theory  that  variations  conld  be  transmitted  by  heredity  to 
younger  genei^tions.  In  this  manner  he  oonoeived  new  characters  wonld 
arise,  accumulate,  and  be  peipetuated,  which  would  in  the  course  of  time 
assnme  Bpeci£o  importance.  New  species  might  thus  be  evolved  out  ot 
organismB  originally  distinct  from  them,  and  their  specific  characters  wonld 
in  turn  be  transmitted  to  their  descendants.  By  a  continuance  of  this  pro- 
cess new  species  would  multiply  in  many  directions,  until  at  length  from  one 
or  more  originaUy  simple  forms  the  earth  would  become  peopled  by  the 
infinite  varieties  of  plant  and  animal  organisms  which  have  in  past  ages 
inhabited,  or  do  at  present  inhabit,  our  globe.  The  Darwinian  theory  may 
therefore  be  defined  as  Heredity  modified  and  influenced  by  VanabOity. 
It  assumes  that  there  is  an  heredity  qaaiity  in  the  egg  which,  if  we  take 
the  common  fowl  for  an  example,  shall  continue  to  produce  similar  fowls. 
Under  conditions,  of  which  we  are  ignorant,  which  occasion  molecular 
changes  in  the  cells  and  tissues  of  the  developing  ^g,  variations  might 
arise,  in  the  first  instance  probably  slight,  but  becoming  intensified  in 
successive  generations,  until  at  length  the  descendants  would  have  lost 
the  characters  of  the  fowl  and  have  become  another  species.  No 
precise  estimate  has  been  arrived  at,  and  indeed  one  does  not  see  how  it  is 
possible  to  obtain  it,  of  the  length  of  years  which  might  be  required  to 
convert  a  variation,  capable  of  being  transmitted,  into  a  new  and  definite 
specific  character. 

The  circumstances  which,  according  to  the  Darwinian  theory,  deter- 
mined the  peipetuation  by  hereditary  transmission  of  a  variety  and  its 
asnimption  of  a  specific  character  depended,  it  was  argued,  on  whether  it 
possessed  such  properties  as  enabled  the  plant  or  animal  in  which  it 
appeared  to  adapt  itself  more  readily  to  its  environment,  i.e.  to  the 
surrounding  conditions.  If  it  were  to  be  of  use  the  ot^^ism  in  so  far 
became  better  adapted  to  hold  its  own  in  the  straggle  for  existence  with 
its  fellows  and  with  the  forces  of  nature  operating  ^n  it.  Through 
the  accumulation  of  useful  characters  the  specific  variety  was  perpetuated 
by  natural  selection  so  long  as  the  conditions  were  favourable  for  its 
existence,  and  it  survived  as  being  the  best  fitted  to  live.  In  the  study 
of  the  transmission  of  variations  which  may  arise  in  the  course  of  develop- 
ment it  should  not  be  too  exclusively  thought  that  only  those  variations 
are  likely  to  be  preserved  which  can  be  of  service  during  the  life  of  the  * 
individual,  or  in  the  perpetuation  of  the  species,  find  possibly  avail&ble  for 
the  evolution  of  new  species.  It  should  also  be  kept  in  mind  that 
morphological  characters  can  be  transmitted  by  hereditary  descent, 
which,  though  doubtless  of  service  in  some  bygone  ancestor,  are  in 
the  new  conditions  of  life  of  the  species  of  no  physiological  value. 
Our  knowledge  of  the  structural  and  functional  modifications  to  be 
found  in  the  human  body,  in  connection  with  abnormalities  and  with 
tendencies  or  predisposition  to  diseases  of  various  kinds,  teaches  ua  that 
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ohamctera  vhich  are  of  no  use,  and  indeed  detriioental  to  tbe  individtul, 
may  be  hereditarily  transmitted  from  parents  to  ofispring  through  a  sac- 
ceaaioii  of  geneistiooB. 

Siiuje  iha  conception  of  the  potaibilitj'  of  the  evolution  of  new  species 
from  pre-existing  forms  took  poBsession  of  the  minds  of  naturalists, 
attempts  have  been  made  to  trace  out  the  lines  on  which  tt  has  proceeded. 
The  first  to  give  a  systematic  account  of  what  he  conceived  to  be  tbe  order 
of  succession  in  the  evolution  of  animals  was  Ernst  Haeckel,  of  Jena,  in 
a  well-known  treatise.  Memoirs  on  special  departments  of  the  subject, 
too  numerous  to  particularise,  have  subeeqaently  appeared.  The  problem 
has  been  attacked  along  two  diA'creat  lines :  the  one  by  embryologists, 
of  whom  may  be  named  Kowalewsky,  Gc^nbaur,  Dohm,  Ray  I^nkester, 
Balfour,  and  Gaskell,  who  with  many  others  have  conducted  careful  and 
methodical  inquiries  into  the  stages  of  development  of  numerous  forms 
belonging  to  the  two  great  divisions  of  tbe  animal  kingdom.  Inverte- 
brates, as  well  as  vertebrates,  have  been  carefully  compared  with  each 
other  in  the  bearing  of  their  development  and  structure  on  their  affinities 
and  descent,  and  the  possible  sequence  in  the  evolution  of  the  Vertebrata 
from  the  Invertebrata  has  been  discussed.  The  other  method  pursued  by 
paleontologists,  of  whom  Huxley,  Marsh,  Cope,  Osborne,  and  Traqnair 
are  prominent  anthoritiea,  has  been  the  study  of  the  extinct  forms  pre- 
served in  the  rocks  and  the  comparison  of  their  structure  with  each  other 
and  witli  that  of  existing  organisms.  In  the  attempts  to  trace  the  line  of 
descent  the  imagination  has  not  un  frequently  been  called  into  play  in  con- 
structing various  conflicting  hypotheses.  Though  from  the  nature  of  things 
the  order  of  descent  is,  and  without  doubt  will  continue  to  be,  ever  a  matter 
of  speculation  and  inference  and  not  of  demonstration,  the  study  of  the 
subject  has  been  a  valuable  intellectual  exercise  and  a  powerful  stimulant 
to  research. 

We  know  not  as  regards  time  when  the  fiat  went  forth,  '  Let  there  bo 
life,  and  there  was  Life.'  All  we  can  say  is  that  it  must  have  been  in 
the  far-distant  past,  at  a  period  So  remote  from  tbe  present  that  the  mind 
fails  to  grasp  the  duration  of  the  interval.  Prior  to  its  genesis  our  earth 
consisted  of  barren  rook  and  desolate  ocean.  When  matter  became 
endowed  with  Life,  with  the  capacity  of  self-maintenance,  and  of 
resisting  external  disintegrating  forces,  the  face  of  nature  began  to 
undergo  a  momentous  change.  Living  organisms  multiplied,  the  land 
became  covered  with  vegetation,  and  multitudinous  varieties  of  plants, 
from  the  humble  fungus  and  moss  to  the  stately  palm  and  oak,  beautified 
its  surface  and  fitted  it  to  sustain  higher  kinds  of  living  beings.  Animal 
forms  appeared,  in  the  first  instance  simple  in  structure,  to  be  followed  by 
others  more  complex,  until  the  mammalian  type  was  produced.  The 
ocean  also  became  peopled  with  plant  and  animal  organisms,  from  the 
microscopic  diatom  to  the  huge  leviathan.    Plants  and  animals  acted  and 

Coogic 


30  REPORT— 1900. 

raaoted  oa  each  other,  on  the  fttmoaphere  which  surronnded  tiiem  and  oa 
the  earth  on  which  they  dwelt,  the  surface  of  which  became  modified  in 
character  &nd  aspect.  At  last  Man  came  into  existence.  His  nerve-energy, 
in  addition  to  regulating  the  processes  in  his  economy  which  he  poaseeaeH 
in  common  with  animals,  was  endowed  with  higher  powers.  When  trans- 
lated into  psychical  activity  it  has  enabled  him  throughout  the  ages 
to  progress  from  the  condition  of  a  rude  savage  to  an  advanced  stage 
of  civilisation  ;  to  produce  works  in  literature,  art,  and  philosophy  which 
have  exert«d,  and  must  continue  to  exert,  a  lasting  inflaence  on  the 
development  of  his  higher  Being ;  to  make  discoveries  in  natural  and 
physical  science  ;  to  acquire  a  knowledge  of  the  structure  of  the  eortJi, 
of  the  ocean  in  its  changing  aspects,  of  tJie  atmoephere  and  the  itellar 
universe,  of  the  chemical  composition  and  physical  properties  of  matter 
in  ita  Tarions  forms,  and  to  analyse,  comprehend,  and  subdue  the  forces 
of  nature. 

By  the  application  of  these  diacoreries  to  his  own  purposes  Man  has,  to 
a  large  extent,  overcome  time  and  spaCe  ;  he  has  studded  the  ocean  with 
ateamshipSj  girdled  the  earth  with  the  electric  wire,  tunnelled  the  lofty 
Alps,  spanned  the  Forth  with  a  bridge  of  steel,  invented  machines  and 
founded  industries  of  all  kinds  for  tlie  promotion  of  his  material  welfare, 
elaborated  systems  of  government  fitted  for  the  management  of  great 
communities,  formulated  economic  principles,  obtained  an  insight  into 
the  laws  of  health,  the  causes  of  infective  diseases,  and  the  meuui  of 
contndliog  and  preventing  them. 

When  wo  reflect  that  many  of  the  moat  important  discoveries  in  abs- 
tract science  and  in  its  applications  have  been  mode  during  the  present 
oentury,  and  indeed  since  the  British  Association  held  its  first  meeting  in 
the  andent  capital  of  your  county  sixty-nine  years  ago,  we  may  look 
forward  with  confidence  to  the  future.  Every  advance  in  science  provides 
a  fresh  platform  from  which  a  new  start  can  be  made.  The  human  intel- 
lect is  still  in  process  of  evolution.  The  power  of  application  and  of 
concentration  of  thought  for  the  elucidation  of  scientific  problems  is  by 
no  means  exhausted.  In  science  is  no  hereditary  aristocracy.  The  army 
of  workers  is  recruited  from  all  classes.  The  natural  ambition  of  evea 
the  private  in  the  ranks  to  maintain  and  increase  the  reputation  of  the 
branch  of  knowledge  which  he  cultivates  ofibrds  an  ample  guarantee 
that  the  mardi  of  sdence  is  ever  onwards,  and  justifies  us  in  proclaiming 
for  the  next  century,  as  in  the  one  fast  ebbing  to  a  close,  that  Qreat  is 
Science,  and  it  will  prevail. 
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Meleoroio^al  Obsemaiory,  Montreal.— Report  of  the  Oo^)hmiftee,  cmi- 
sistimj  of  ProfeBBor  H.  L.  CalLENDAR  {Chairman),  Professor  C. 
^tlcLEOD  (Secretarij),  Professor  F.  Adams,  ami  Mr.  E.  P.  Stupart, 
appointed  for  tite  purpose  of  estiihlishiiuj  a  Meleorolo^icnl  Ohserciitorij 
on  Mount  Roijal,  Montreal. 

[PLATE  I.] 

The  following  preliminary  report  has  been  received  from  the  observers  ; — 
Th«  difference  of  temperature  between  the  College  Observatory  and 
the  top  of  Mount  Boyal  is  continuously  recorded  by  means  of  a  Callendar 
Electric  Recorder  and  a  pair  of  difierential  platinum  thermometers.  The 
thermometers  are  of  the  usual  pattern,  giving  a  change  of  2  ohms  for 
100°  Fahr.,  and  the  scale  of  the  record  is  one-fifth  of  aa  inch  to  the 
degree  Fahr.  By  a  simple  change  in  the  connections  the  actual  tempera- 
ture at  either  station  can  be  recorded  separately  instead  of  the  difference 
of  temperature  between  the  two.  The  thermometer  at  the  top  of  the 
mountain  is  placed  on  a  platform  50  feet  above  the  ground  and  850  feet 
above  sea  level.  The  other  thermometer  is  at  a  height  of  4  feet  above  the 
ground,  and  180  feet  above  sea  level.  The  distance  between  the  two  is 
rather  more  than  a  mile.  The  recorder  is  placed  in  the  College  Observa- 
tory at  the  lower  station,  and  is  connected  to  the  distant  thermometer  by 
four  separate  lines  of  No,  12  copper  wire  eructed  on  poles  with  glass 
insulators,  and  covered  with  weather-proof  insulation  ordinarily  used  for 
telephone  work.  The  recorder  is  of  the  origuial  Callendar  pattern,  and 
was  mode  at  the  MnDonald  Physics  Building  in  1897. 

The  line  to  the  mountain  has  been  broken  by  storm  on  several  occa- 
sions ;  parts  of  it  have  sometimes  been  carried  away  by  thieves  ;  on  one 
occasion  the  line  was  struck  by  lightning,  the  thermometers  were  de- 
stroyed, and  the  instrument  burnt  out ;  on  another  occasion  the  instrument 
was  burnt  out  through  an  occidental  short  circuit  of  the  electric  lighting 
current.  The  original  thermometers  which  were  damaged  by  lightning 
have  been  replaced  by  new  and  improved  instruments,  and  all  other 
dunages  have  been  repaired,  so  that  the  whole  apparatus  is  at  present  in 
good  running  condition.  Great  delay  has  been  caused  by  these  accidents  ; 
and  this,  coupled  with  pressure  of  other  work  on  the  observers,  has  mftde 
it  impossible  to  secure  up  to  the  present  date  a  sufGciently  ext^ided  Beries 
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of  observatiotifi  to  be  of  ralue  for  the  general  diGcnBsion  of  reaultB.  To 
show  the  nature  of  the  records,  and  the  working  of  the  apparatue,  a 
sample  record  sheet  for  August  '21,  22,  ISOO,  including  a  zero  t«st  and  two 
comparisons  with  mercury  thermometers,  which  were  read  simultaneously 
at  the  two  stations  by  separate  observers,  is  given  herewith.     (Plate  I.) 

The  zero  line  on  the  chart  was  obtained  by  placing  the  thermometers 
at  the  two  stations  in  melting  ice  simultaneously,  and  allowing  them  to 
remain  for  about  an  hour  at  this  temperature.  The  differences  between 
the  simultaneous  readings  of  the  mercury  thermometers  at  the  two  stations 
were  plotted  from  this  zero  line,  and  show  a  very  satisfactory  c^reement 
with  the  differential  platinum  thermometers,  considering  the  continual 
variations  of  temperature  and  the  difierence  in  sensibility  of  the  two 
instruments.  The  direction  of  the  wind  and  the  velocity  in  miles  per 
hour  are  recorded  by  instruments  placed  on  the  summit  and  connected  by 
lines  to  the  electrical  recording  apparatus  in  the  College  Observatory  at 
the  lower  station.  The  record  for  August  21,  22  exhibits  a  complete 
revolution  in  the  direction  of  the  wind  from  N.W.  through  E..and  S.  and 
back  to  K.W.  These  changes  in  the  direction  of  the  wind  frequently 
appear  to  be  related  to  the  cTiauges  in  the  difference  of  temperature.  The 
amount  of  sunshine  in  tenths  per  hour  recorded  at  the  College  Observa- 
tory is  also  marked  on  the  charts,  and  the  general  weather  conditions 
prevailing. 

The  apparatus  as  at  present  arranged  gives  admirable  results  in  fair 
weather,  but  it  has  been  found  impossible  to  preserve  the  insulation  of  the 
liae  during  rain.  This  has  steadily  deteriorated  since  its  erection,  and 
the  results  cannot  now  be  relied  on  when  the  rainfall  is  considerable,  or 
for  short  periods  after.  This  is  unfortunate,  as  it  would  be  interesting  to 
study  the  changes  of  temperature  occurring  with  the  onset  of  rain.  To 
completely  obviate  the  insulation  defects  in  bad  weather,  and  to  protect 
the  line  from  thieves  and  lightning,  it  would  be  necessary  to  replace  the 

E resent  pole  line  with  a  lead-covered  cable  buried  in  the  ground.  It  is 
ardly  necessary  to  say  that  this  was  foreseen  at  the  time  when  the  line 
was  originally  projected,  as  all  installations  of  platinum  thermometers  up 
to  that  date  had  been  provided  with  lead-covered  cables,  especially  in 
cases  where  the  distance  involved  was  considerable.  The  original  estimate 
of  10(H.  for  the  apparatus  was  based  on  the  assumption  of  a  lead-covered 
cable.  But  when  the  British  Association  in  1897  were  unable  to  grant 
more  than  50/.,  it  was  decided  to  utilise  the  existing  pole  line  rather  than 
abandon  the  project  entirely.  There  is  still  some  hope  that  the  necessary 
funds  may  be  forthcoming  for  the  replacement  of  the  existing  line  by  a 
cable ;  but  until  this  necessary  improvement  is  effected  it  is  feared  that 
the  scientific  value  of  the  work  must  be  seriously  impaired. 


ElecirohiBis  ami  M-edro-chemistrif. — }}^oH  of  the  CfnntnlUee,  eonsisUnt/ 
ofiiT.  W.  N,  Shaw  (Cflutirt'nun),  Mr.  K.  H.  GitiFFires,  Rev.  T.  C. 
FiTZPATRiCK,  Mr.  S.  Skimmer,  whA  Mr.  W.  C.  D.  Whetham 

(Seeret-ary),  appointed  to  report  on  the  Prennnt  Stale  of  our  Knoic- 
iedge  in  Ehectrohjsis  and  Electro-chemistry, 

tnH  experiments  on  the  conductivity  of  dilute  aqueous  solutions  of  salts 
and  acids  at  the  freezing  point '  have  been  completed  by  Mr.  Whetham, 
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and  the  full  reealts  published  in  the  '  Fliilosophical  Transactions  of  the 
Royal  Society  of  IJondon,'  aeries  A,  vol.  cxciv.  1900,  p.  321.  Corvee  and 
tables  are  given  showing  the  values  obtained  for  the  iouiaation.  The 
measurements  of  the  freezing  points  of  the  same  solutions,  undertaken  by 
Mr.  Oriffitha,  are  still  in  progress.  It  is  hoped  that  his  results  will  ooon 
be  ready,  and  that  a  useful  comparison  of  the  two  lines  of  research  may 
then  be  made. 

The  consumption  of  a  carbon  anode  in  electrolysis  has  formed  the 
rabjoct  of  some  experiments  by  anothtfr  member  of  the  Committee, 
Mr.  Skinner,'  Carbon  electrodes  are  used  in  many  electrotecbnical 
processes,  and  their  aolution  and  disintegration  form  one  of  the  chief 
difGculties  to  be  overcome.  It  appears  that  whenever  a  highly  oxidised 
product  undergoes  electrolytic  decomposition  the  anion  gives,  directly  or 
indirectly,  a  considerable  quantity  of  carbonic  acid.  The  experimental 
show  tliat  as  much  as  85  per  cent,  of  the  escaping  gases  consista  of  carbon 
dioxide  when  a  solution  of  potassium  permanganate  is  the  electrolyte. 

Since  the  publication  in  1897  of  the  Committee's  Report  on  tiie 
Theory  of  the  Migration  of  Ions  and  of  Specific  Ionic  Yelocities,  an 
important  paper  by  Orme  Mosson  has  appeared,'  gi^^g  an  account  of  an 
experimental  method  of  measuring  ionic  velocities  and  of  the  results  for  a 
number  of  ions.  • 

The  original  plan  of  the  Committee,  as  arranged  in  1890,  included 
reports  on  the  followii^  additional  sections  : — §  d.  Electro -chemical 
Hiermo- dynamics  ;  §  a.  Electric  Endoamose  ;  and  §  g.  Numerical  Relations. 
Information  on  some  of  these  sections  has  already  been  made  easily 
accessible. 

A  small  book,'  '  Das  Leitvermbgen  dcr  Electrolyte,'  Leipzig,  1898,  has 
been  published  by  Dr,  von  Kohlrausch  and  I>r.  Kolbom,  giving  a  complete 
account  of  the  method  of  measaring  electrolytic  conductivity  by  means  of 
a!t«mating  currents  in  conjunction  with  a  telephone,  with  the  precautions 
necessary  for  accurate  results.  There  are  also  tables  of  the  conductivity 
oC  certain  solutions,  which  may  be  used  to  standardise  resistance  vessels. 

The  therm o-dynamics  of  electrolytic  processes  is  in  some  degree 
covered  by  a  Report  by  Professor  E.  F.  J.  Love  on  our  Knowledge  of  the 
Thermo- dynamics  of  the  Voltaic  Cell,  published  by  the  Australasian 
Aasociatiou  for  the  Advancement  of  Science,  Sydney,  1898. 

Since  the  original  appointment  of  the  Committee,  very  many  and 
important  researches  upon  the  chemical  phenomena  resulting  from  or 
asaociated  with  ^e  passage  of  electricity  through  gases  ^ve  been 
published. 

In  order  to  make  the  Committee's  Report  in  any  way  a  complete 
sketch  of  the  subject  of  electro-chemistry  as  now  developed,  its  BCot>e 
would  have  to  be  enlarged  to  include  such  phenomena  as  the  conductivity 
of  gases  at  high  temperatures,  and  under  the  influence  of  other  ionising 
agencies.  The  Committee  feel  unable  to  undertake  such  an  extension *of 
their  work,  and  do  not  seek  reappointment. 
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On  Solar  Badiaiion. — Repffrtofthe  Committee,  comisting  of  Jtr  G.  John- 
stone Stonet  {Gkairman),  Professor  H.  McLkod  (Secretary),  Sir 
G.  G.  Stokes,  Professor  A.  Schuster,  Sir  H.  E.  Roscoe,  Captain 
Sir  W.  DE  W.  Abney,  Dr.  C.  Chree,  ProfoBsor  G.  F.  FitzGebald, 
Professor  H.  L.  Callesdar,  Mr.  W.  E.  Wilson,  and  Profeasor 
A.  A.  Raubaut,  appointed  to  consuler  the  bed  Methodit  of  Recording 
the  Direct  Intensity  of  Solar  Radiation.  (Dravm  up  by  Professor 
H.  L.  Callendar.) 

As  already  reported,  the  copper-cube  actinometer  constructed  for  this 
C!ommitt«e,  aiul  described  in  the  Report  for  1886,  was  eutrasted  to 
Professor  Callendar  in  August  1899  for  comparison  with  hia  automatic 
recording  instrument  described  in  the  Report  for  1898.  In  the  course  of 
the  past  year  a  number  of  expeiiments  have  been  made  with  this 
apparatus  by  Miss  W.  G.  Walker,  1851  Exhibition  Scholar,  working  at 
University  College,  London,  under  the  direction  of  Professor  Callendar. 
The  object  of  the  work  was  to  obtain  absolute  measurements  of  radiation 
for  the  calibration  of  the  more  convenient  form  of  continuous  recorder. 
In  its  original  form  the  copper-cube  actinometer  was  not  veiy  well 
adapted,  and  probably  was  not  intended,  for  absolute  measurement  ;  but 
with  some,  modifications  very  promising  results  have  been  already  obtained, 
and  it  is  believed  that  the  method  thus  modified  will  lead  to  trustworthy 
and  valuable  determinations. 

The  history  of  the  copper-cube  actinometer  is  contained  in  various 
reports  communicated  by  this  committee,  of  which  the  following  is  a  brief 
summary.  The  method  originally  proposed  was  to  concentrate  the  rays 
of  the  san  by  means  of  a  lens  through  a  hole  in  one  side  of  the  cube  on  to 
a  central  mercury  thermometer  with  a  flat  bulb.  The  steady  difference 
of  temperature  between  the  central  thermometer  and  the  walls  of  tiie 
cube  would  be  approximately  proportional  to  the  intensity  of  solar 
radiation,  and  might  bo  taken  as  a  measure  of  the  same  in  arbitraiy  units. 
To  obtain  the  equivalent  in  absolute  measure  it  would  be  necessary  to 
know  the  rate  of  cooling  of  the  thermometer  and  the  coefficient  of 
absorption  of  the  bulb  and  of  the  lens  by  which  the  rays  were  concentrated 
These  might  have  been  obtained  by  auxiliary  experiments  on  the  rate  of 
heating  or  cooling  under  various  conditions  ;  bat  as  the  mercury  thermo- 
meters proved  unsuitable  in  many  respects,  the  apparatus  was  subsequently 
modified  by  the  substitution  of  a  copper  disc  and  a  thermo-j unction  for 
the  central  thermometer.  This  permitted  the  observation  of  smaller 
differcncefl  of  temperature  and  the  more  accurate  determination  of  the 
thermal  capacity  of  the  irradiated  disc. 

The  elementary  theory  of  the  instrument,  assuming  ttiat  for  small 
diSerences  of  temperature  the  rate  of  cooling  of  the  disc  would  be  pro- 
portional to  the  difference  of  temperature  between  the  disc  and  the  walls 
of  the  cube,  was  given  in  the  Report  of  the  Committee  for  1893.  If  fl  is 
the  excess  of  temperature  of  the  disc  over  the  enclosoro  at  any  tiuie  t 
measured  from  the  commencement  of  the  exposure  to  the  radiation  to  bo 
measured,  and  if  r  be  the  initial  rate  of  rise  of  temperature  of  the  diso  in 
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degrees  per  Becood,  and  q6  tbe  rate  of  fall  of  temperature  at  any  exoeaa  9 
if  the  radiation  were  cut  off,  we  have  evidently  the  equation 

de/di=T-qO (1) 

the  solution  of  which  under  the  given  initial  conditions  is 

«=(!-«->;, (2) 

The  limiting  steady  temperature  of  the  disc  when  ( is  infinite  is  &'=rjq. 

In  1893  some  experiments  were  recorded  verifying  the  elementary 
theory  and  the  constancy  of  the  coefficient  of  cooling  q.  In  1896  a 
photographic  recording  device  was  applied  to  obtain  the  curves  of  heating 
of  the  disc  by  registering  the  deflections  of  the  D'Arsonvol  galvanometer 
on  a  moving  photographic  plate.  The  curves  proved  to  be  approximately 
Ic^rithmic,  but  the  reduction  of  the  results  to  absolute  measure  was  not 
attempted. 

AbgohtCe  Meam/rernentt. — If  I  be  the  intensity  of  radiation  to  be 
measured  in  watts  per  square  centimetre,  and  A  be  the  area  in  square 
centimetres  normal  to  the  rays  over  which  the  measured  portion  of  the 
radiation  is  incident,  the  quantity  of  heat  received  is  lA  joules  per  second. 
This  is  equal  to  rJtnt,  where  r  as  already  defined  is  the  initial  rat«  of  rise 
of  temperature  of  tfae  disc  when  exposed  to  the  radiation,  J  is  the  number 
of  joules  in  one  calorie,  which  may  be  taken  as  approximately  418  ;  m  is 
the  mass,  and  s  the  specific  heat  of  the  disc.  In  applying  this  method  it  is 
tacirly  assumed  that  the  whole  of  tihe  disc  is  at  a  uniform  temperature  6  at 
any  moment  during  the  rise  of  temperature  ;  it  is  also  necessary  to  know 
accuratelv  the  specific  heat  s  of  the  material  of  the  disc,  and  to  be  able 
to  calibrate  the  thermo-junction  so  as  to  interpret  the  indications  of  the 
galvanometer  in  degrees  of  temperature.  Further,  the  rise  of  temperature 
must  not  exceed  two  or  three  dqp^es  in  order  that  q,  the  coefiicient  of 
cooling,  may  be  taken  as  constant  and  the  rate  of  rise  must  be  sufficiently 
slow  to  permit  of  accurate  measurement,  and  of  the  uniform  diffusion  of 
heat  tiiroughout  the  disc. 

After  some  preliminary  experiments  with  the  apparatus  it  became 
evident  that  these  conditions  were  not  sufficiently  satisfied  by  the  disc 
and  thermo-junction  employed  in  the  experiments  already  recorded.  The 
disc  was  about  two  centimetres  in  diameter  and  half  a  millimetre  thick. 
The  aperture  for  admitting  the  radiation  was  about  one  centimetre. 
Under  these  conditions  it  was  not  possible  without  the  use  of  louses  to 
ensure  a  sufGciently  uniform  distribution  of  the  radiation  over  the  surface 
of  the  disc,  and  the  rate  of  rise  of  temperature  was  too  rapid  for  accurate 
measurement.  The  disc  was  supported  on  a  short  iron  wire  nearly 
two  millimetres  thick,  which  conducted  heat  away  from  the  centre  of  the 
disc  so  rapidly  that  the  temperature  of  the  junction  was  always  very  con- 
siderably below  that  of  the  disc.  Owing  to  its  form  the  thermo-junction 
oonld  not  be  accurately  calibrated,  and  the  sensitiveness  of  the  copper-iron 
couple,  though  snitable  for  powerful  sources  such  as  direct  solar  radiation, 
was  far  too  small  for  accurate  work  with  sources  of  constant  intensity 
such  as  were  required  for  absolute  measurement. 

The  Galvanometer  supplied  with  the  instrument  was  of  the  Ayrton 
Mather  type,  with  a  resistance  of  about  T'5  ohms,  and  gave  a  deflection  of 
about  2  millimetres  at  1  metre  per  microvolt,  equivalent  to  about 
SO  millimetres  per  deg)xp  lyith   a  copper-iron  junction.     In   orA&y  tp 
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increase  the  ocoaracy  of  readiai;,  a  good  plaoe  mirror  was  substituted  for 
the  original  concave  mirror,  and  observations  were  taken  with  a  telesoope 
and  scale  at  a  distance  of  about  3  metres.  The  detimCion  of  the  image 
was  such  as  to  permit;  of  reading  with  accumcy  to  a  fifth  of  a  millimetre. 
Owing  to  the  gradual  change  or  'drift'  of  zero,  due  to  imperfect  elasticity 
of  the  suspension,  which  is  always  a  serious  source  of  error  in  galvano- 
meters of  this  type,  it  was  found  to  be  impossible  to  obtain  sufficiently 
consistent  obBeI^'ations  by  the  deflection  method.  To  minimise  this 
source  of  error  the  potentiometer  balance-method  was  adopted,  and  care 
was  taken  not  to  subject  the  suspension  to  excessive  torsion.  To  increase 
the  sensitiveness,  theiron-copperthermo-junction  was  replaced  by  jouctions 
of  iron  and  german  silver  (30  microvolts  per  degree),  and  iron  and  con- 
stantan  (52  microvolts).  The  wires  employed  for  this  purpose  were  very 
fine— about  0'2  millimetre— to  minimise  the  cooling  of  the  junctions  by 
conduction,  and  their  thermo-electric  powers  were  determined  by  a.  special 
series  of  observations  made  on  the  particular  pieces  employed.  With 
these  improvements  it  was  optically  possible  to  observe  a  difference  of 
temperature  of  a  thousandth  of  a  degree  with  certainty,  as  it  corresponded 
to  a  deflection  of  about  a  quarter  of  a  millimetre  with  the  iron  and 
constantan  couple. 

2'herma-eleelnc  Sources  of  Error. — In  observing  smalt  differences  of 
temperature  with  a  thermo-couple,  assuming  that  drift  of  the  galvano- 
meter zero  is  avoided  by  employing  the  balance  metiiod,  the  mosttronble- 
Bome  residual  errors  arise  from  accidental  thermal  effects  due  to  small 
differences  of  temperature  in  other  parts  of  the  electric  circuit,  and  in 
particular  at  the  junctions  of  the  bridge-wire,  and  at  the  ptoint  of  contact 
of  the  slider.  Tt  is  usual  to  employ  germaa-ailver  or  platinoid  or  platinum 
silver  as  the  material  for  the  bridge-wire  to  secure  a  low  temperature- 
coefficient  and  high  specific  resistance.  Unfortunately  these  materials 
give  lat|(e  thermal  effeote  when  joined  to  copper.  The  alloy  known  as 
manganin  is  greatly  to  be  preferred  to  platinoid  or  constantan  in  this 
respect,  but  its  surface  is  more  liable  t«  tarnish.  The  superiority  of  the 
bolometric  method  {platinum  resistance)  over  the  thermo-couple  for  accu- 
rate measurement  of  small  differences  of  temperature  depends  chiefly  on 
the  relative  ease  with  which  these  accidental  thermal  effects  may  be 
eliminated.  In  the  present  instance  they  were  found  to  be  so  trouble- 
some that  it  was  eventually  decided  to  make  the  bridge-wire  and  the 
whole  of  the  circait,  with  the  exception  of  the  couple  itself,  of  pure 
copper.  By  adopting  t)iis  method  the  accidental  disturbances  were 
reduced  to  a  small  fraction  of  a  microvolt,  without  taking  any  special 
precautions  to  secure  uniformity  of  temperature  throughout  the  various 
parts  of  the  measuring  apparatus.  The  cold  junctions  of  the  thermo- 
couple were  contained  in  a  copper  plug  screwing  into  the  copper  cube, 
and  were  assumed  to  be  at  the  same  temperature  as  the  walls  of  the  cube. 
In  order  to  secure  this,  and  to  minimise  changes  of  temperature  of  the 
copper  cube,  it  was  found  necessary  to  wrap  the  cube  and  the  projecting 
plug  in  a  considerable  thickness  of  cotton-wool,  even  whpn  exposed  to 
feeble  sources  of  radiation.  The  layer  of  felt  surrounding  the  cube  formed 
no  protection  for  the  copper  plug  containing  the  cold  junction,  and  proved 
quite  inadequate  to  prevent  rapid  changes  of  temperature  when  exposed 
to  strong  sources. 

Constant  Source  of  Badiation.—  Th6  necessity  of  a  constant  source  of 
rftdiation  for  comparative  measurements  and  tests  was  recognised  i^t  a 
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TBiy  earl^  period  in  the  experiments.  The  first  attempt  at  a.  constant 
source  was  an  Argand  bnmer  with  a  very  delicate  pressure  regulator,  a 
given  area  of  the  brightest  part  of  the  flaioe  being  selected  as  the  source. 
This  proved  to  be  a  very  good  method  of  testing  the  variations  in  the 
qnality  of  the  gas,  but  had  to  be  abandoned  as  a  constant  source  of  radia- 
tioa.  It  was  aJso  objectionable  on  account  of  the  difficulty  of  keeping 
the  glass  chimney  uniformly  clean,  and  because  the  excessive  amount  of 
be&t  generated  disturbed  the  experimental  conditions,  and  the  gas  fumes 
bad  the  effect  of  tarnishing  the  contacts  of  the  electrical  apparatus  and 
the  metallic  plates  used  as  reflectors.  A  pair  of  one  hundred  candle- 
power  focus-lamps  were  then  obtained  from  the  Ediawan  Company. 
These  were  designed  to  work  on  a  pressure  of  90  volts  at  an  efficiency 
of  about  3'S  watts  per  candle,  and  a  current  of  4  amperes.  They  were 
spherical  in  form  and  silvere<l  on  one  half,  which  had  the  effect  of  nearly 
doubling  the  rqdiating  power  for  a  given  current,  while  at  the  same  time 
it  ensured  an  almost  perfect  constancy  in  the  proportion  of  radiation 
reflected  from  the  rear  of  the  source,  which  had  proved  a  difficulty  with 
the  Argand  burner.  When  used  as  constant  sources  of  radiation  the 
lamps  were  worked  at  a  pressure  of  only  75  volts  and  a  current  of 
about  three  amperes,  supplied  by  a  large  storage  batteiy  of  forty-four 
cells.  The  battery  was  not  used  for  any  other  purpose  while  the  experi- 
mente  were  in  progress,  and  was  capable  of  maintaining  the  required 
pressure  constant  to  a  tenth  of  a  Tolt  for  several  hours  under  suitable 
conditions  of  charge.  The  pressure  on  the  lamps  was  regulated  and 
recorded  during  the  experiments  by  means  of  an  automatic  recording 
potentiometer  working  on  a  scale  of  one  inch  to  the  volt.  The  readings 
of  this  instrument  were  adjusted  by  means  of  a  Clark  cell,  and  were 
accurate  to  about  one  part  in  5,000.  One  of  the  focus-lamps  was  set 
apart  as  a  standard,  and  was  used  only  for  occasional  comparisons.  When 
working  at  a  voltage  so  far  below  that  for  which  they  were  designed, 
the  lamps  were  found  to  remain  exceedingly  constant.  In  the  course  of 
nx  months'  work  the  lamp  in  regular  use  did  not  vary  with  respect  to 
the  standard  by  more  than  one  per  cent.,  and  its  variations  over  short 
periods  could  easily  have  been  controlled  and  corrected  if  the  accuracy 
BO  far  attained  in  the  radiation  measurements  had  made  the  application 
of  such  a  correction  desirable.  The  area  of  the  incandescent  grid  was 
about  one  square  inch,  and  the  diameter  of  the  bulb  four  and  a  half  inches. 
The  lamp  was  set  to  shine  through  an  aperture  of  its  own  diameter  in  a 
doable  tin-plate  screen,  so  as  to  include  the  whole  of  the  radiation  from 
the  heated  glass,  but  to  exclude  as  far  as  possible  radiation  from  the  base 
of  the  lamp  and  heated  objects  in  it£  immediate  neighbourhood.  This 
precaution  was  particularly  important  in  comparing  the  indications  of  the 
tube  form  of  radio-calorimeter  with  those  tn  the  bolometric  sunshine 
reoi>iveF  intended  for  the  direct  exposure  of  solar  radiation,  as  the  latter 
instrument  was  not  provided  with  a  screen  and  diaphragms  for  excluding 
lateral  radiation,  but  was  intended  to  integrate  the  vertical  component 
<rf  the  whole  radiation  from  the  sky  as  well  as  that  from  the  sun. 

Delerminalion  of  the  Initial  Mate  of  Keating  of  the  Disc. — To  ensure 
uniformity  of  temperature  of  the  disc,  andasutBcient!y  slow  rat«  of  heating, 
it  1^  found  necessary  to  replace  the  original  disc  by  a  much  thicker  disc 
the  size  of  which  was  chosen  ta  be  just  sufficient  to  catch  the  whole  of  the 
tays  incident  on  the  aperture.  Before  commencing  an  observation,  the 
mding  of  the  galvafiometer  wai  observed  with  the  slider  at  the  zero^pfi  . 
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the  bridge-wire  in  order  to  allow  for  tmy  minute  residaal  difference  ot 
temperatare  between  the  cube  and  the  disc  when  the  apparatus  was 
screened  from  tadiation.  The  time  of  exposure  weis  recorded  on  an 
electric  chronograph  hj  the  dropping  of  the  screen  on  a  suitable  ke^. 
The  eliding  contact  was  then  shifted  to  sucoessivQ  points  on  the  bridge- 
wire,  and  the  moment  of  balance  at  each  point  was  observed  and  recorded 
on  the  chronograph.  These  observations  were  continued  for  about  five 
minut«s,  or  as  long  as  tho  rise  continued  sufficiently  rapid.  Occasional 
obgervfttions  were  then  made  to  determine  the  iinal  stead;  difierence  of 
temperature  6°  during  the  next  fifteen  minutes,  after  which  the  tempera- 
ture remained  steady. 

The  following  is  a  sample  ot  observations  taken  with  the  copper-cube  : 

Daie,  April  4, 1900.  Oiitereer,  Miss  V,'.  E.  Walkek. 
Temperature  of  Clarlc  cell,  190°  C. ;  bridge- wire,  20'2''  C, ;  resistance 
per  cm.  of  E.W.,  001091  ohm  ;  P.D.  per  cm.,  -7795  microvolt  ;  diameter 
of  disc,  1'40  cm.  ;  diameter  of  aperture  in  cube,  I'OO  cm.  ;  distance  of 
lamp  from  aperture,  60'0  cms.  ;  volts  on  lamp,  772  ;  mass  of  copper  disc, 
0-8320  gramme  ;  Jms/A=-4206. 
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Solution  of  ihe  Equations. — Assuming  the  elementary  theonr  of  the 
method  as  given  by  equation  (2),  the  simplest  method  of  procedure  is  to 
take  the  value  of  the  ratio  rjq  as  given  by  the  final  steady  difference  of 
temperature  fl''=l-090,  and  to  calculat*  the  values  of  y  from  the  inter- 
mediate observations  of  t  and  9  by  substituting  the  observed  value  of 
Tjq  in  equation  (2).    We  thus  obtain 

^i=2^3026  ^^^/{e'-fl) (3) 

The  value  of  r  is  then  found  by  the  relation  r=q9,  and  the  intensity  of 
radiation  I  by  multiplying  r  by  the  constant  (actor  Jmj/A=^4206.  The 
values  thus  obtained  are  given  in  the  columns  beaded  q,  t,  I.  They 
invariably  exhibited  a  progressive  increase  with  the  time.  The  value  of  q 
could  also  be  found  by  eliminating  the  ratio  rjq  between  any  two 
observations,  and  solving  the  equation  by  trial  for  q.  Taking  the  olMerva- 
tions  (1)  and  (2)  at  39'8  and  59-8  cms.  above  given,  we  thus  obtain 
^=■00967,  whence  r=-01103,  and  I=^00464,  which  illustrate  the  same 
tendency,  being  smaller  than  the  results  obtained  by  assuming  the  ratio  of 
r  Xa  q  from  the  final  steady  temperature.  The  focus-lamp  in  this 
experiment  was  set  to  shine  through  an  aperture  of  nearly  the  same  size 
as  the  incandescent  grid,  but  this  wss  found  to  be  unsatisfactory,  as  the 
field  of  illumination  was  not  sufficiently  uniform  for  the  bolometric 
receivers.  This  consideration,  among  others,  ultimately  necessitated  the 
abandonment  of  the  apeitare  method  of  limiting  the  radiation  received  by 
the  disc. 

Effect*  of  Lag. — It  was  clear  from  the  results  above  quoted,  and  from 
a  number  of  others  obtained  with  the  same  apparatus  with  diflhrent  discs 
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at  different  distances  and  different  rates  of  heating,  that  the  eqnatiooB 
already  given  did  not  satisfactorily  represent  the  observations.  In  con- 
sidering  the  possible  sonrces  of  constant  error  inherent  in  the  method,  it 
seemed  unlikely  that  the  assumption  that  the  rate  of  loss  of  heat  was 
proportional  to  the  difference  of  temperature  {g  constant)  could  be 
seriously  in  error,  as  the  whole  difference  of  temperature  did  not  exceed 
one  or  two  degrees.  The  most  probable  explanation  of  the  discrepancy 
appeared  to  be  that  time  was  required  for  the  uniform  distribution  of 
heat  through  the  disc,  and  that  the  indications  of  the  thermo-j unction 
were  retarded  by  conduction  of  heat  along  the  wires,  and  by  lag  in  the 
movement  of  the  galvanometer  coil,  which  was  necessarily  very  dead-beat 
when  short-circuited  on  the  couple.  These  various  sources  of  error  could 
all  be  approximately  represented  by  assuming  a  constant  time-lag  in  the 
readings  ;  a  type  of  error  which  was  necessarily  inherent  in  the  method, 
and  could  not  have  been  detected  by  the  experimente  recorded  in  1896. 
In  order  to  eliminate  the  time-lag  from  the  equations,  it  is  only  necessai^ 
to  take  two  observations  in  addition  to  the  final  steady  temperature.  If 
we  write  the  equations  in  the  form  (3)  already  given,  and  take  the  differ- 
ence, we  thus  obtain 

y{(''-C)=2-3026  login  (6''-fl')/(»'-9")  .         .     {*) 

Treating  the  observations  already  given  in  this  manner  we  find 

y=-01130.     r=-01332.     I=-00518.     Tiine-lag=6-15  sees. 

With  only  three  observations  it  is  of  course  always  possible  to  calculate 
a  value  of  the  lag  to  satisfy  the  readings  exactly,  hut  it  appeared  that  a 
similar  assumption  satisfied  the  observations  within  the  'probable  limits 
of  error  in  those  cases  also  in  which  a  larger  number  of  readings  were 
taken. 

DifecU  of  lite  Copper-cube  Actinometer, — The  excessive  value  of  the 
time-lag  observed  in  the  observations  with  this  apparatus  appeared  to  be 
partly  due  to  the  impossibility  of  securing  uniform  illumination  of  the 
disc  by  the  aperture  method.  It  was  necessary  that  the  disc  should  be 
large  enough  to  catch  the  whole  of  the  radiation  passing  through  the 
aperture  in  the  cube,  and  this  could  not  be  secured  without  leaving  a  con- 
siderable margin  at  the  edge  of  the  disc  which  was  either  not  illuminated 
at  all,  or  only  partly  illuminated  by  the  penumbra  of  the  aperture.  With 
the  lamp  at  60  cms,  it  was  necessary  to  use  a  disc  140  cm.  in  diameter 
for  an  aperture  of  1  'OO  cm.  diameter.  This  was  the  more  necessary  because 
the  construction  of  the  apparatus,  and  the  method  of  screwing  in  the  copper 
plug  by  which  the  disc  was  supported,  made  it  extremely  difficult  to  centre 
the  disc  accurately,  and  to  direct  it  so  as  to  receive  the  rays  normally  and 
centrally.  Another  serious  defect  to  which  allusion  has  already  been 
made,  was  the  variation  of  temperature  of  the  cube  and  the  copper  plug, 
which  although  greatly  reduced  was  not  entirely  elimiuated  by  the  cotton- 
wool wrappings.  For  these  and  other  reasons  it  was  decided  to  design  a 
new  form  of  actinometer  for  the  application  of  the  same  method  in  a 
manner  more  convenient  for  laboratory  use. 

Tvhe-fortn  of  Radio-adorimeler. — The  terms  '  actinometer,'  '  bolo- 
meter,' and  '  radio- micrometer,'  which  are  otherwise  suitable  for  instru- 
ments of  this  class,  have  acquired  special  significations,  and  are  in  general 
use  for  instruments  which  ore  not  designed  for  absolute  measurements. 
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It  appears  therefore  preferable  to  use  the  more  general  term  'radio- 
calorimeter  '  for  this  particular  inBtrument,  as  it  was  not  intended,  like 
the  '  pyrheliometere '  of  Fouitlet  or  Asgstrom,  for  the  direct  meafiarement 
of  solar  radiation.  The  tube-form  of  radio- calorimeter  consists  of  a  pair 
of  concentric  tubes  about  nine  inches  long  separated  by  an  annular  space 
of  about  a  twentieth  of  an  inch,  through  which  water  is  caused  to  circulate 
in  a  spiral  fashion  by  a  heliit  of  copper  wire  nearly  fitting  the  space 
between  tbe  tubes.  Th<^  inner  tube  has  a  diameter  of  about  one  inch,  and 
is  furnished  with  a  series  of  sliding  copper  diaphragms,  which  can  be  set 
at  suitable  points  to  screen  off  any  lateral  radiation,  and  prevent  internal 
reflection  from  the  walla  of  the  tube.  The  blackened  copper  disc  for 
receiving  and  measuring  the  radiation  is  supported  near  the  centre  of  the 
tube  by  means  of  the  lino  wires  of  the  thermo-couple.  The  diameter  of 
the  disc  is  130  cm,,  and  it  is  set  close  behind  a  diaphragm  of  14  mm. 
diameter,  so  that  the  whole  of  its  surface  ia  exposed  to  the  radiation.  In 
this  arrangement  the  quantity  of  radiation  measured  is  determined  solely 
by  the  diameter  of  the  disc  and  not  by  that  of  the  apertures.  Tbe  disc 
can  be  accurately  centred  and  directed  on  the  source  of  radiation  by 
looking  through  a  small  hole  at  the  back  of  the  tube.  The  cold  junctions 
of  the  thermo-couples  are  contained  in  fine  copper  tubes  soldered  to  a 
sliding  tube  which  carries  the  disc,  and  i.s  a  good  fit  for  the  inner  tube  of 
the  water-jacket.  Water  at  the  temperatui'e  of  the  laboratory  is  con- 
tinuously pumped  by  a  small  motor  from  one  large  copper  tank  to  another 
at  a  higher  level,  and  flows  back  continuously  and  uniformly  through  the 
water-jacket  of  the  radio  calorimeter.  By  this  means  the  temperature  of 
the  jacket  is  maintained  very  constant  without  the  necessity  of  making 
the  instrument  itt^etf  massive  or  unwieldy. 

Ob»ervationg  vjith  different  Coathigs  oil  th:  Disc. — With  this  apparatus 
it  was  possible  to  obtain  much  more  consistent  results  owing  to  the 
greater  steadiness  of  the  experimental  conditions  and  the  greater  ease  of 
adjustment  and  manipulation.  Among  other  tests,  some  comparative 
measurements  were  made  of  the  relative  eSiciency  of  different  coatings 
of  black  for  the  disc,  of  which  the  following  may  bo  taken  as  samples  : — 

1.  Copper  disc  clean  but  not  polished.  Final  excess  1'223°  C. 
j=-00512,  r=-00626,  I='00379. 

2.  Copper  colour  just  visible  through  a  thin  film  of  smoke-black. 
Final  excess  2-528°  C.  ?=-00i>95,  r= -01505,  I=-009]0. 

3.  Copper  disc  covered  with  thick  opa(jue  film  of  amoke-black.  Final 
excess  2-373"  C.  y=-006354,  r=-015O8,  I=-00912. 

4.  Copper  disc  covered  with  dead-black  varnish  of  shellac  and  smoke- 
black.     Final  excess  2-159°  C.  r/=-00703,  r=-001-'il7,  I=-00918. 

f).  Same  disc,  but  with  new  thermo-couple,  thick  smoke-fitm.  Final 
excess  2-328°  C.  f/=-00642,  r=-0M94,  1=00904. 

6.  Same  disc  and  couple,  but  thin  black  varnish  ;  back  also  covered. 
Final  excess  1-831=  C.  y=-008l2,  r=-0H87,  I=-00900. 

It  will  be  observed  in  the  above  results  thut  tlie  final  excess  tempera- 
ture (»"/9)  and  the  coefficient  of  cooling,  5,  vary  considerably  under  differ- 
ent conditions,  but  that  the  results  for  the  rate  of  heating,  r,  and  the 
intensity  of  radiation,  q,  agree  fairly  well  for  the  different  coatings  of 
black.  The  same  focus-lamp  was  used  as  a  source  in  each  case,  at  the 
same  distance,  and  it  is  probable  that  the  iictuai  variations  in  the  inten- 
sity of  the  radiatiop  did  nob  exceed  one  part  in  200,     The  volta^  oa  the 
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lamp  was  ke^t  within  less  than  a  tenth  of  a  volt  of  76-0  Tolto  b;  the 
automatic  recording  potentiometer,  and  the  observations  were  taken 
within  a  few  days  of  each  other.  In  case  1,  with  the  clean  metal  surface, 
the  value  of  the  coefficient  of  cooling  i7=-00512  is  nearly  that  due  to 
convection  and  conduction  alone,  as  the  radiative  power  of  clean  roetal 
is  very  small  at  these  low  temperatures,  although  the  absorptive  power 
for  the  lamp  radiation  is  nearly  40  per  cent.  An  extremely  thin  coating 
of  smoke-black  (2)  suffices  to  raise  the  absorptive  power  for  the  lamp 
radiation  nearly  to  its  maximum,  although  the  radiative  power  for  rays 
of  great  wave  length  is  still  very  low,  as  shown  by  the  small  value  of 
(;^'00!>95,  and  the  high  value  of  the  final  excess  of  temperature 
r/9=2-528''  C.  The  thicker  coating  of  smoke-black  (3)  lowers  the  value 
or  the  final  excess  to  2-373°  C,  because  the  coefficient  of  cooling  b  in- 
creased in  a  much  greater  ratio  than  the  absorptive  power  for  the  lamp 
radiatiou.  It  appears  from  the  great  increase  of  q,  in  case  (4),  that  the 
dead-black  varnish  is  a  much  more  efficient  radiator  at  low  temperatures 
than  the  smoke-black,  although  the  absorptive  power  for  the  lamp  radia- 
tion is  but  slightly  inoreased.  The  back  of  the  disc  was  not  covered  in 
these  experiments  in  order  to  obtain  a  greater  rise  of  temperature.  In 
case  (5),  with  a  new  thermo-couple,  the  diminution  in  the  values  of  r  and 
I,  as  compared  with  case  (3),  may  be  due  simply  to  unavoidable  errors  of 
observation,  or  slight  variations  in  the  uniformity  of  the  wires,  or  in  the 
quality  of  the  smoke-film  ;  but  it  may  also  be  caused  by  a  variation  in  the 
cooling  o£  the  junctions  1^  conduction,  due  to  slight  differences  in  the 
attachment  of  the  wires  to  the  disc.  In  any  case  it  is  satisfactory  to  find 
fhaX  so  large  a  change  in  the  conditions  produces  a  change  of  less  than- 
one  per  cent,  in  the  result.  Similarly,  in  case  (6),  the  effect  of  blacking 
the  hack  of  the  disc  is  to  produce  a  very  marked  increase  in  the 
coefficient  of  cooling ;  but  although  the  rate  of  cooling  by  radiation  is 
nearly  twice  as  great  as  in  case  (5) — supposing  that  the  conduction  and 
convection  effects  remain  the  same  as  in  case  (1) — the  diminution  in  the 
result  for  I,  as  compared  with  (4),  is  not  greater  than  might  reasonably 
be  attributed  to  the  thinness  of  the  vami^,  which  possessed  appreciable 
reflecting  power. 

It  is  clear  from  the  above  summary  that  the  method  is  capable  of 
giving  fairly  consistent  results  in  spite  of  wide  variations  in  the  experi- 
mental conditions.  But  it  is  evidently  necessary  to  investigate  further 
the  absorptive  powers  of  different  coatings  for  radiations  of  different 
qualities  if  it  is  desired  to  obtain  an  order  of  accuracy  higher  than  one 
per  cent,  in  the  absolute  results.  Another  correction  of  some  importance 
is  that  for  the  cooling  of  the  junction  by  conduction  along  the  wires. 
This  correction  depends  on  the  size  of  the  wires  and  on  their  mode  of 
attachment  to  the  disc.  Although  enormously  reduced  by  the  adoption 
of  very  fine  wires  for  the  couple,  it  remains  distinctly  appreciable  and 
requires  further  investigation.  It  is  evidently  possible  to  determine  this 
correction  by  employing  wires  of  different  sizes  simultaneously,  or  the 
whole  correction  may  be  included  in  the  coefficient  of  cooling  by  a  suit- 
able arrangement  of  the  junction. 

Metimi/reraent  of  Solar  Radiation. — Owing  to  the  great  intensity  and 
incessant  variations  of  solar  radiation,  it  would  not  be  possible  to  obtain 
absolute  measurements  directly  by  exposure  of  the  instrument  above 
described  to  direct  sunshine,  although  such  a  course  has  been  attempted 
with  instnunentB  of  the  olasa  of  Pouillet's  pyrbeliometer.    Even  with  th? 
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water-jacket,  the  conditions  of  cooUng  are  disturbed  by  the  ezcessiTe 
intenfiity  of  the  radiation,  and  the  final  excess  of  temperature  is  much  too 
large  to  permit  of  the  application  of  the  elementary  theory  of  the  method. 
For  these  and  other  reasons  it  appeared  preferable  to  employ  the  automatic 
recording  instruments  already  described  *  for  direct  exposure  to  sunshine, 
and  to  calibrate  the  receivers  in  absolute  measure  by  exposure  to  the 
'  radiation  of  the  focus-liimps,  which  could  be  satisfactorily  determined  by 
the  absolute  method. 

Itolometrie  Sunihine  Reeeivert:. — These  instruments  are  intended  for 
recording  on  an  arbitrary  scale  the  vertical  component  of  the  radiation 
from  the  whole  sky  as  well  as  the  sun.  This  vertical  component  measures 
the  heat  received  by  the  soil,  and  is  probably  the  factor  which  chiefly 
influences  the  meteorological  conditions  at  any  part  of  the  earth's  surface, 
BO  far  as  they  depend  on  radiation.  It  is  comparatively  useless  for  this 
purpose  to  record  merely  the  normal  intensity  of  solar  radiation,  as  the 
heat  actually  received  by  the  earth's  surface  depends  so  greatly  on  the 
altitude  of  the  sun  and  the  state  of  the  eky.  It  is  proved  by  actual 
experiment  with  these  receivers,  although  it  is  by  no  means  obvious 
&  priori,  and  will  perhaps  scarcely  be  credited  at  the  first  statement,  that 
the  heat  received  by  reflection  from  the  eky  under  certain  conditions  may 
amount  to  more  than  40  per  cent,  of  the  whole  vertical  component.  This 
being  the  case,  the  readings  of  an  instrument  which  records  only  the 
normal  intensity  of  direct  sunshine,  excluding  the  radiation  from  the  sky, 
might  give  a  very  incorrect  account  of  the  total  quantity  of  beat  received 
by  the  soil.  The  form  of  bolometric  receiver  adapted  for  recording  the 
Vertical  component  consists  of  a  difierential  pair  of  Jlat  platinum  ther- 
mometers, one  blackened  and  the  other  bright,  placed  side  by  side  in  the 
same  horizontal  plane.  The  difference  of  temperature  between  the  two, 
which  is  automatically  recorded,  is  approximately  a  measure  of  the 
intensity  of  the  vertical  component  of  the  radiation  to  which  they  are 
expoted.  It  would  of  course  be  possible,  by  providing  the  instrument 
with  a  water- jacketed  tube  and  an  equatorial  mounting,  to  make  it  record 
the  normal  intensity  of  direct  sunshine,  excluding  the  greater  part  of  the 
radiation  from  the  sky  ;  but  this  would  complicate  the  apparatus  consider- 
ably, and  it  b  doubtful  whether  the  record  would  have  so  direct  a  bearing 
ou  meteorology.  It  is  also  certain  that  the  coefficient  of  cooling  by  con- 
vection would  vary  at  diflferent  angles  of  inclination,  whereas  it  appears  to 
be  very  constant  in  the  horizontal  position. 

Two  of  the  bolometric  receivers  above  described  have  already  been 
compared  with  the  radio-calorimeter  by  means  of  the  focus-lamps.  They 
were  of  slightly  different  patterns,  and  wound  with  wire  of  different  sizes, 
six  mils  and  tour  mils  respectively,  but  they  showed  nearly  the  same 
difference  of  temperature  when  exposed  to  the  same  radiation  at  the  same 
distance.  This  seems  to  show  that  tlie  indications  of  such  instruments 
are  fairly  comparable,  even  if  they  are  not  precisely  alike.  As  we  have 
already  seen,  the  absorptive  powers  of  different  kinds  of  black  do  not 
appear  to  differ  very  much  for  this  kind  of  radiation.  The  proportionality 
of  the  difference  of  temperature  to  the  intensity  of  radiation  was  also 
tested  by  varying  the  distance  from  the  lamp,  and  assuming  that  the 
radiation  followed  the  law  of  the  inverse  square.  This  is  very  approxi- 
mately true  for  the  focus-lamps,  owing  to  the  flatness  of  the  ntdiating 
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grid,  provided  that  the  distance  is  not  too  small.  It  is  intended  in  the 
conrse  of  the  ensuing  year  to  continue  the  absolute  measurements,  and  to 
teat  the  performance  of  the  automatic  recorders  under  a  greater  vaiietj  of 
conditions,  for  which  Mr.  Wilson,  of  Daramona  Observatory,  has  promised 
fais  Msistance  ;  bnt  enough  has  already  been  accomplished  to  show  that  the 
apparatus  aSbrds  a  very  promising  and  practical  method  of  recording  and 
redncing  to  absolute  measure  the  vertical  intensity  of  radiation  at  any 
point  of  the  earth's  surface. 


Vmformity  of  Size  of  Paifea  of  Transactions. — Report  of  Uie  Com- 
tmltee,  consisting  of  Professor  S.  P.  Thompson  (Chairman),  Mr. 
J.  Swinburne  (Secretary),  Professor  G.  H.  Bryan,  Mr.  C.  V. 
Burton,  Mr.  R.  T.  Glazebrook,  Profeeaor  A.  W.  RCckee,  and 
Dr.  G.  Johnstone  Stoney,  appointed  to  confer  with  British  and 
Foreigyi  Societies,  piihlishiiu)  Maifiematioai  and.  Physical  Papers,  as 
to  the  DeHrability  of  securiTu/  Uniformity  in  the  Size  of  the  Pages  of 
their  Transactions  arid  Proceediiigs.     (Dravm  up  hf  J.  Sivinbubhe.) 

A  LAKGB  number  of  journals  were  measured  to  find  what  dimensions  it 
would  be  best  to  choose  as  standards.  An  account  of  this  work  was 
published  in  the  B«port  for  1895,  p.  77. 

Since  that  date  a  Urge  volume  of  correspondence  has  been  carried  on 
with  the  English  and  foreign  scientihc  societies. 

Iq  most  coaes  the  societies'  publications  come  within  the  limits  speci- 
fied in  the  first  report. 

In  some  of  the  cases  the  societies  agreed  to  alter  their  publications  so 
as  to  come  within  the  standard  limits. 

In  a  few  cases  the  societies  prefer  to  continue  the  use  of  abnormal 
dimensions  rather  than  alter  their  publications,  especially  when  the  pub- 
lication has  been  going  on  for  many  years. 

The  importance  of  beginning  a  paper  on  the  right-hand  page  is 
generally  realised,  but  there  are  difficulties  in  carrying  it  out.  In  spite 
of  this,  a  few  of  the  societies  are  endeavouring  to  arrange  that  all 
important  papers  shall  begin  on  the  right-hand  page. 

The  Committee  do  not  ask  for  reappointment. 


Det&miniaig  Miupi^tic  Force  on  Board  Ship. — lleporl  of  the  Coinw'dive, 
consisting  of  Professor  A.  W,.  RtJCKEH  (Chairman),  Dr.  0.  H. 
Lees  (Secretary),  Lord  Kelvin,  Profesaor  A.  Schuster,  Captain 
Creak,  Professor  W.  Strodd,  Mr.  C.  Vernon  Boys,  and  Mr. 
W,  Watson,  appoifticd  to  consider  the  tnost  suitable  Method  of 
determinhig  tlie  Comjfonents  of  the  Magnetic  Force  on  Board  Ship. 

An  instmment  which  embodies  the  ideas  of  Captain  Creak,  mentioned  in 
last  year's  Report,  has  been  constructed.  Although  specially  designed  for 
obs^vations  on  board  ship,  it  will  probably  from  its  strength  of  construc- 
tion be  found  suitable  for  travelling  parties. 

The  CtHomittee  api^y  for  reappointment,  with  the  unexpended  grant 
d  10^.  made  last  year. 
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Tables  of  certain  Mathemclical  Ihtrtctio^is. — Report  of  ilm  Com/mMee 
cmmsting  of  Lord  Kelvin  (Chairman),  Lieatenant-Colonel 
Allan  CuNsiufiHAM,  R.E.  {Secfretary),  Dr.  J.  W,  L.  Glaisher, 
Profeasor  A.  G.  Grernhill,  Professor  W,  M.  HiCKS,  Professor  A. 
Lodge,  and  Major  P.  A.  MacMahott,  R.A.,  appointed  for  caiculaHng 
Tables  of  certain  Mathenkaiical  Functions,  and,  if  necessary,  jor 
takinij  steps  to  carry  out  ike  calculaliohs,  and  to  pvhlish  the  results  in 
am,  accessible  form. 

The  cost  of  printing  the  Tables  {Binary  Canon)  was  estimated  at  1Z51. 
A  grant  of  751.  only  waiS  made  at  the  Dover  Meeting.  As  the  Tables 
tioiud  not  have  been  printed  for  this  sum,  application  was  made  to  the 
Koyal  Society  for  a  grant  in  aid,  and  the  Royal  Society  has  granted  the 
remaining  sum  (60^)  required.  The  Tables  liave  been  put  in  hand,  and 
are  now  (September)  nearly  all  in  type  :  they  should  be  finished  before 
next  Meeting. 


Meleoi'ological  Observatimis  of  Ben  Nevis. — Report  of  the  GonimiUee, 
cwwtftf^ji^o/LordM'LARES,  I'rofeBsor  A.  CruM  BROWN(iSecre(a)*i/), 
Sir  John  Mcrkay,  Profeasor  Copeland,  awl  Dr.  Alexander 
BCCHAK.     {Brawn  u}i  hij  Dr.  BuCHAN.) 

The  Committee  was  appointed  as  in  past  years  for  the  purpose  of 
co-operating  with  the  Scottish  Meteorolt^ical  Society  in  making  meteoro- 
logical observations  at  tlie  two  Ben  JIfovis  Observatories. 

The  hourly  eye  observations  made  by  night  as  well  as  by  day,  which 
are  a  specialty  of  the  High  Level  Observatory,  have  been  made  with 
complete  regularity  throughout  the  year  by  Mr.  Hankis  and  his  assistants. 

The  health  of  the  staff  at  the  High  Level  Oljservatory  continued  good, 
and  the  laborious  work  of  the  observations  has  been  carried  on  without 
the  loss  of  an  hour's  observations.  The  Directors  de'iire  to  express  theil* 
hearty  thanks  to  Messrs.  T.  Affleck,  GeorgeEdoie,  M.A.,  J.  8.  Begg,  M.A., 
O.  A.  S.  Tait,  R.  C.  Marshall,  and  T.  Kilgour  for  the  invaluable  service 
they  rendered  as  volunteer  observers  during  the  summer  of  1899,  thus 
affording  to  the  members  of  the  staff  the  relief  and  rest  they  so  much 
needed.  Owing  to  the  war  in  South  Africa  some  Changes  took  place  in 
the  Observatory  staff.  In  October  J.  Bell,  reservist,  was  called  out  for 
service,  and  sabaequently  B.  M.  McDougall  and  D.  Orant  left  to  join  the 
forces.  At  the  Low  Level  Observatory  at  Fort  William  influenza  of  an 
acute  form  for  a  second  time  prevailed.  But  it  is  gratifying  to  add  ttiat  no 
observations  have  been  lost,  and  the  arrears  of  copying  and  computations 
wljich  necessarily  occurred  are  being  gradually  worked  off. 

The  observations  at  the  intermediate  station  at  Ben  Nevis  were 
undertaken,  single- handed,  by  Mr.  J).  W,  Wilton.  These  valuable 
observations,  together  with  the  similar  observations  mode  at  this  station 
during  the  previous  three  summers,  are  being  discussed  under  the  superin- 
tendence of  Mr.  Omood. 

The  principal  resolta  of  the  observations  of  1899  are  detailed  in 
Table  I. 
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This  table' showii  for  1899  the  mean  moathlr  and  extreme  pressure  aud 
temperature,  amounts  of  rainfall  with  the  DOmber  of  days  of  rain  and  the 
days  on  which  the  amount  equalled  or  exceeded  one  inch  ;  the  hours  of 
sunshine,  the  mean  percentage  of  cloud,  the  mean  velocity  of  the  wind  in 
miles  per  hour  at  the  top  of  the  mountiun,  and  the  mean  rainband  at  botli 
observatorieB.  The  mean  barometric  pressures  at  Fort  William  ant 
reduced  to  32°  and  sea  level,  but  those  at  the  Ben  Nevis  Observatory 
only  to  32°. 

At  Fort  William  the  mean  atmospheric  pressure  for  the  year  was 
29'871  inches,  being  0037  inch  greater  than  the  mean  of  the  forty  years 
ending  1895.  The  mean  at  the  top  was  25-321  inches,  being  0-025  inch 
above  the  average  of  the  observation  siuce  tho  opening  of  the  Observatory 
in  1883.  The  difierence  for  the  two  obaervatories  was  thus  4'550  inches, 
being  all  bat  identical  with  the  difference  of  previous  years.  At  the  top 
of  the  mountain  the  obsolutely  highest  pressure  for  the  year  was  26-058 
inches,  and  at  Fort  William  30-728  inches,  both  readings  occurring  on 
November  17. 

The  differences  from  the  mean  monthly  barometric  pressure  much 
exceeded  tho  averages  in  June,  July,  and  August,  the  excess  for  the 
three  months  for  Fort  William  being  0'172  inch,  and  for  Ben  Nevis 
0-160  inch.  On  the  other  hand,  for  January  and  April  the  deficiencies 
from  the  averages  were  0'164  inch  and  0-160  inch  for  Fort  William,  and 
for  Ben  Nevis  0-164  inch  and  0-165.  In  the  summer  months,  when  pres- 
sure waa  abnormally  high,  the  type  of  weather  was  anticyclonic,  but  in 
January  and  April,  when  pressure  was  unusually  low,  the  type  of  weather 
was  cyclonic. 

The  deviations  of  the  mean  temperature  of  the  months  from  their 
respective  averages  are  shown  in  Table  II.  : — 


Table  II. 
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The  highest  montlily  mean  temperature  hitherto  yet  obsen-ed  on  Ben 
Nevis  was  48''-7  for  August,  which  was  8''-2  above  the  mean  of  previous 
Augusta.  The  excess  of  mean  temperature  of  the  three  summer  months 
was  5°-0  above  the  average,  whereas  at  Fort  William  the  mean  excess 
was  only  2°-9.  In  the  strongly  marked  type  of  anticyclonic  weather 
which  then  prevailed,  the  temperature  at  the  top  of  Ben  Nevis  was 
i-elatively  very  much  higher  than  at  Fort  William.  Hence,  while  the 
normal  difference  of  temperature  in  August  at  the  top  and  bottom  of  the 
hill  ia  16='-4,  in  August  1899  it  was  only  ll°-9.  The  absolutely  highest 
temperature  for  the  year  at  Fort  William  was  82°-0  on  August  24  ;  and 
at  the  top  of  Ben  Nevis  63°'5  on  August  23.  The  absolutely  lowest  was 
l6°-2  at  Fort  William  on  December  28  ;  and  on  Ben  Nevis  6"-^  on 
March  23. 
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In  Table  III.  are  given  (or  each  month  the  lowest  obserred  hygra> 
metrio  readings  at  the  top  of  Ben  Nevis  : — 
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Of  these  relative  humidities,  the  lowest  1 0  occurred  on  January  27  with 
a  dew-point  of  ■~22°'9,  and  the  highest  42  on  July  30  with  a  dew- 
point  of  25°-4.  It  is  to  be  noted  that  with  these  humidities  the  accom- 
panying dew-point  fell  in  five  of  the  months  below  zero,  thus  being  in 
striking  contrast  with  the  lowest  monthly  humidities  of  the  previous  year, 
when  ^e  lowest  was  only  23,  and  the  dew-p<HQt  fell  below  zero  only  in 
December. 

The  sunshine  recorder  on  Ben  Nevis  showed  897  hours  out  of  a  possible 
4,470  hours,  being  132  hoars  more  than  in  IH9S,  or  20  per  cent,  of  the 
possible  sunshine.  This  far  exceeded  the  average  of  past  years,  which 
is  only  750  hours,  being  only  exceeded  in  18S8,  vrtien  the  number  of  hours 
was  970.  The  minimum  ocourred  in  1884,  wheo  only  510  hours  were 
registered  by  the  sunshine  recorder.  At  Fort  William  the  number  of 
hours  was  1,139,  being  102  hours  fewer  than  in  1898.  At  both  observa- 
tories the  monthly  maximum  was  in  August,  being  231  hours  at  Fort 
William  and  212  hours  at  the  top  of  Ben  Nevis,  amounts  nearly  d  ubie 
the  average  of  any  previous  August.  This  unwonted  amount  of  sunshine 
was  occasioned  by  ihe  strongly  pronounced  anticyclonic  character  of  the 
weather  of  Angust  1899.  In  tbe  following  month,  September,  only  12 
lioars  were  recorded  at  the  Ben  Nevis  Observatory,  or  less  than  1  per 
cmt.  of  the  possible  sunshine.  In  no  previous  summer  month  has  the 
noorded  sunshine  been  so  decidedly  deficient. 

At  the  Ben  Nevis  Observatory  the  mean  percentage  of  cloud  was  82, 
or  a  little  under  the  average,  the  hishest  being  96  in  September,  and  the 
loweat  60  in  August.  At  Fort  William  the  mean  was  74,  the  highest 
being  87  in  November,  and  the  lowest  94  in  August,  or  little  more  than 
B  aky  half  covered  with  cloud. 

The  mean  rainband  observation  (scale  0-8)  was  2'2  at  the  top  for  the 
year,  Uie  maximum  being  3*0  in  July,  and  Oie  minimum  1*5  in  February. 
The  annual  mean  at  Fort  William  was  3*7,  the  maximum  being  4*8  in 
November,  and  the  minimum  29  in  February. 

^e  mean  hourly  velocity  of  the  wind  at  the  top  of  the  mountain  was 
at  the  rate  of  16  milee  per  hour,  the  maximum  monthly  velocity  being  20 
miles  in  February  and  the  minimum  10  miles  in  May,  July,  and  August 

The  rainfall  for  the  year  at  the  Ben  Nevis  Observatory  was  187*30 
inches,  being  31-82  inches,  or  22  per  cent,  above  the  average.  This  large 
uinnal  rainfall  has  been  only  twice  exceeded,  viz.  in  1898  and  1890,  when 
it  was  respectively  240'0S  inches  and  197*95  inches.  It  is  noteworthy 
that  while  the  rainfall  at  the  top  of  Beq  N^vis  woi  82  per  cent  Abor* 
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the  average,  at  the  neighbouriiij;  Barrounding  stations  near  lea  level  the 
rainfall  wits  about  10  per  cent,  under  the  average.  It  will  be  observed 
that  the  large  excess  on  Ben  Nevis  was  almost  wholly  occasioned  by  the 
extraordinarily  heavy  rainfall  there  in  Kovembei-  and  March.  In  these 
months  there  prevailed  over  Scotland  an  nnusual  excess  of  south -westerly 
winds.  The  largest  monthly  rainfall,  3248  inch,  occurred  in  November, 
when  south-westerly  winds  prevailed  eight  days  more  than  the  average, 
and  the  mean  temperature  of  the  month  over  Scotland  was  iB'-i,  or  5°  8 
above  the  average  of  the  month,  an  excess  of  south-westerly  winds  and  of 
mean  temperature  hitherto  unparalleled  for  November.  The  heaviest 
rainfall  on  any  single  day  was  4*68  inches  in  December.  At  Fort 
William  the  annual  rainfaU  was  74'6S  inches,  and  the  largest  monthly 
amount  was  1327  inches  in  November,  when  the  rain-bringing  south- 
westerly winds  were  so  prevalent  The  heaviest  fall  on  any  single  day 
was  1*63  inch  in  March. 

At  the  top  of  Ben  Nevis  rain  fell  on  263  days,  and  at  Fort  William 
on  223  days.  At  the  top  the  monthly  maximum  was  28  days  in  September, 
and  the  minimum  11  days  in  February,  and  at  Fort  William  die 
maximnm  was  26  days  in  September,  and  the  minimum  12  in  August. 

During  the  year  the  number  of  days  on  which  1  inch  of  rain  or  more 
fell  was  66  at  the  top  and  12  at  Fort  Willifvm,  the  former  being  18  above 
the  average  and  the  latter  A  below  it 

Auroras  were  observed  on  the  following  dat«s  : — February  12  ;  March 
10,  16,  21,  22  ;  May  2,  3,  4,  5,  6  ;  and  October  15. 

St.  Elmo's  Firewas  seen  onJanuaryS,  13,15;  March  26;  August  25  ; 
September  19,  30,  23 ;  October  30  ;  and  November  6,  8,  10,  11. 

Zodiacal  Light :— On  October  15. 

Thunderstorms: — On  August  36;  September  17,  18;  and  October 
13.  30. 

Lightning  only  : — On  Janua^  16  ;  February  12  ;  and  September  29. 

Scdar  Haloa :— January  2 ;  March  30 ;  April  0,  12,  18,  19,  20,  22  ; 
Hay  9,  12,  22,  31  ;  June  10,  17  ;  July  6  ;  and  August  5,  18. 

Lunar  Halos :— January  17,  26,  37,  28  ;  February  18,  21,  22  ;  Marah 
24  ;  April  19,  20  ;  June  37  ;  October  21,  22  ;  November  9  ;  and  Decem- 
ber 10,  12,  13,  23. 

Much  time  has  been  taken  up  in  revising  the  proof-sheets  of  the 
hourly  observations  of  the  Ben  Nevis  Observatories  now  in  the  press,  and 
the  work  of  printing  is  prooeeding  at  a  fairly  satisfactory  rate.  It  need 
scarcely  be  added  that  the  revision  of  the  work,  which  will  fill  three  lai^ 
quarto  volumes,  is  peculiarly  heavy.  The  work  of  reduction  and  entering 
on  daily  sheets  the  hourly  observations  of  the  two  observatories  is  practi- 
cally brought  down  to  date.  The  daily  maps  of  rainfall,  fog,  storms,  and 
other  weather  phenomena  are  also  completed  to  date ;  and  for  several 
selected  months  there  are  already  entered  on  the  same  maps  the  details 
for  storms,  forecastB,  and  storm  warnings.  With  these  are  compared  the 
hourly  observations  at  the  two  observatories  with  the  view  of  arriving  at 
some  definite  knowledge  of  the  relations  existing  among  the  phenomena 
observed.  Particular  attention  is  given  in  the  fint  place  to  the  reUttons 
between  the  double  set  of  observations  made  at  Ben  Nevis  and  the  fore- 
casts and  warnings  issued  from  the  Meteorological  OfBoe  in  Londm  ol 
storms,  rain,  fog,  and  other  weather  phenomena. 

For  several  months  Mr.  Omond  had  under  discussion  all  hourly  tein- 
pmatnres  observed  at  Fort  William  and  the  top  of  the  nKunntoin,  it^oving 
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ft  difference  between  the  two  temperatures  distinotl;  less  than  the  usual 
difierecce,  together  with  all  oaaea  where  the  temperature  at  the  top  ex- 
ceeded that  at  fort  William  at  the  time.  It  will  be  readilv  recognised 
that  this  work  is  largely  an  inquiry  into  the  anticyclone,  and  its  connec- 
tiotiB  with  the  cyclone  and  weather  changes  which  accompany  their 
changing  relations. 

Dr.  Bnchan's  time  has  been  largely  occupied  with  the  diacuesion  of 
the  f(^  observed  at  the  Scottish  lighthouses  night  and  day  from  1889  to 
1899.  Hiese  data,  as  stated,  are  all  entered  on  two  daily  ma^  to  each 
of  which  are  attached  the  weather  maps  of  the  Meteorological  Omce  for  the 
day  in  question  as  issued  in  the  weekly  maps  of  the  office,  in  addition  to 
winch  the  daily  direotion  and  force  of  the  wind  at  eleven  selected  light- 
houses are  given.  Thus  the  general  character  of  each  day's  weather  is 
readily  seen,  and  the  direction  of  the  wind  at  the  time  the  fogs  were 
recorded.  The  fc^  here  examined  are  not  land  fogs,  but  sea  fogs,  a 
correct  knowledge  of  which  is  of  paramount  importance  to  navigation. 

The  more  important  results  arrived  at  are  these  : — The  annual  maxi- 
mum period  is  from  April  to  June,  and  the  minimum  from  October  to 
February,  being  thus  generally  the  reverse  of  laud  fogs.  The  worst  and 
longest  continued  fogs  occur  with  easterly  winds,  and  their  occurrence  is 
restoicted  to  the  east  coast  of  Scotland.  On  the  othra'  hand,  the  fogs  on 
the  west  coast  accompany  westerly  winds.  These  are  much  more  frequent 
and  prolonged  at  places  directly  open  to  the  Atlantic  than  at  places  such 
ss  B«thesay,  Oban,  and  Stomoway,  which  are  sheltered  from  uie  Atlantic 
by  land  of  a  greater  or  less  extent  and  height. 

Conjoined  with  this  discussion  is  the  excessively  heavy  rain  brought 
by  the  easterly  winds  on  the  east  coast  of  Scotland,  and  to  a  greater  or 
less  extent  inland  according  to  the  height  to  which  these  rain-bringing 
easterly  winds  extend  in  the  atmosphere.  On  this  point  the  conjoined 
observations  of  tlie  two  Ben  Nevis  Observatories  contribute  invaluable 
knowledge. 

An  examination  of  daily  weather  maps  of  Europe  constructed  from 
the  daily  weather  maps  of  the  British  Islands,  France,  and  Germany  makes 
it  clear  that  these  heavy  rains  and  easterly  winds  occur  when  baro- 
metric pressure  diminishes  from  the  Baltic  and  westwards  through  the 
North  Sea  to  the  West  of  Scotland.  It  is  here  particularly  to  be  noted 
that  at  the  same  time  humidities  are  high  over  those  parts  of  the  Con- 
sent whence  these  easterly  winds  have  come  prior  to  their  arrival  in 
Scotland.  Of  these  rain  storms  the  great  rains  in  the  east  of  Scotland 
on  April  27  to  SO,  1898,  and  on  August  22,  1900,  are  among  the  most 
remarkable ;  they  are  therefore  being  investigated  in  great  fulness  of 
detail. 

It  will  be  known,  from  your  Committee's  previous  reports,  that  gales 
ud  storms  of  wind  have  for  many  years  been  observed  night  and  day  at 
the  Scottish  Iwhthouses  with  a  fulness  and  an  accuracy  attempted 
nowhere  else.  Much  time  has  been  given  to  the  discussion  of  these  obser- 
vations in  their  relations  t4>  the  other  weather  phenomena  charted  on  the 
daily  weather  maps.  One  of  the  results  already  arrived  at — and  it  is  an 
important  one — is  that  the  first  step  to  be  taken  in  any  investigation  of 
storms  is  the  partition  of  Scotland  into  eight  or  ten  divisions  based  on 
the  physical  features  of  the  country  in  their  relations  to  the  more  promi- 
nent  storm-bringing  winds.  The  inquiry  is  therefore  proceeding  on 
tiioK  lines. 
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If  a  meteorologist  knows  the  distribation  of  barometric  pressure  over 
Western  Europe,  ha  can  then  at  once  state  what  the  weather  is  in  each 
part  of  the  countries  for  which  he  has  this  information,  and  he  can  de- 
scribe the  weather  in  fulness  of  detail  just  according  to  the  accuracy  and 
abundance  of  the  barometric  readings  supplied  to  him.  This  valuable 
practical  reaolt  is  a  direct  consequence  of  the  scientific  study  of  the  relft- 
tioiis  of  barometer,  temperature,  and  wind  as  (ibservcd  over  the  whole 
world  and  interpreted  in  accordance  with  physical  laws. 

Now  this  is  not  forecastii^,  but  only  the  description  of  the  weather  at 
the  time  the  barometric  readings  were  taken.  But  it  necessarily  follows 
that  if  the  forecaster  can  guess  what  the  distribution  of  barometric  pres- 
sure will  be  at  some  future  time,  he  can  state  what  the  weather  wiU  be  at 
that  time.  Hence  the  whole  problem  of  forecasting  resolves  itself  into 
foreseeing  the  arrangement  of  barometric  pressure  in  the  future.  The 
distribution  of  preaaure  does  not  shift  arbitrarily,  but  the  areas  of  high 
and  low  pressure  existing  on  any  one  day  change  into  those  of  the  next 
by  movement  over  the  surface  of  the  earth  and  by  increase  or  diminution 
in  intensity,  in  accordance  with  physical  laws. 

The  scientific  study  of  the  causes  of  the  movements  of  these  areas  of 
high  and  low  pressure,  called  respectively  anticyclones  and  cyclones,  can 
only  be  said  to  be  just  beginning.  Until  this  great  inquiry  has  made 
some  substantial  progress  we  cannot  have  a  science  of  forecasting,  as  we 
now  have  a  science  of  climatological  meteorology. 

These  areas  of  low  and  high  pressures  are  not  mere  surface  pheno- 
mena, but  extend  upwards  through  the  atmosphere^  and  their  movement 
are  largely  determined  by  the  conditions  surrounding  them  in  the  upper 
regions  of  the  atmosphere. 

Towards  the  expenses  of  pnbli^ing  the  hourly  observations  of  the  two 
Ben  Kevis  Observatories  the  Royal  Society  of  London  has  made  a  grant 
of  5001.,  and  a  grant  to  the  same  amount  has  been  made  by  the  Royal 
Society  of  Edinburgh.  The.se  societies  thus  approve  of  the  publication  as 
a  necessary  preliminary  to  the  scientific  study  of  forecasting.  The  Ben 
Kevis  Observatories  have  already  laigely  contributed  to  the  fundament^ 
data  of  meteorology,  and  in  the  future  the  observations  they  supply  will 
take  a  prominent  place  in  the  development  of  scientific  forecasting. 

Your  Committee  have  the  greatest  pleasure  in  adding  that  at  the 
meeting  of  the  Scottish  Meteorological  Society  in  March  last  J.  Mackay 
Bemara,  Esq.,  of  Dunsinnan,  intimated  a  third  handsome  donation  of 
5001.  towards  the  maintenance  of  the  observatories  to  the  end  of  next 
year.  Another  gentleman,  on  learning  that  assistants  were  urgently 
required  to  assist  Dr.  Buchan  and  Mr.  Omond  in  the  ofBce,  at  once  readily 
and  most  generously  intimated  a  donation  of  300/.  to  the  Council  of  the 
Society  for  the  purpose. 

Badtation  in  a  Magnetic  Field. — Report  of  the  Committee,  cormtting  of 
ProfeBBor  G.  F.  FitzGerald  {Chai-nnun),  the  late  Professor  T. 
Preston  (iSeore/ory),  Professor  A.  Schuster,  Professor  O.  J. 
Lodge,  Professor  S.  P.  Thompson,  Dr.  Gerald  Molloy,  and  Dr. 
"W.  E.  Adenet. 

Thk  Committee  regret  that  they  are  unable  to  report  that  any  further 
work  hai  been  dono  with  the  great  sp«ctroioope  belonging  to  the  Royal 
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TTniverBity  of  Irelund  owing  to  the  illneBs  and  death  of  tlie  Secretaiy  of 
the  Committee,  Profeaaor  T,  Preston,  F.B.S.  They  desire  to  be  re- 
appointed witbont  a  grant  for  the  purpose  of  pubUahing  copies  of  Professor 
Preston's  photographs,  as  they  believe  that  a  good  deal  of  useful  work 
could  be  done  upon  these  photographs  by  persons  who  are  not  possessed  of 
the  spectroscopic  and  magnetic  power  required  to  produce  the  phenomenon 
on  a  large  scala  Others  may  desire  to  obtain  copies  of  the  photographs 
as  illostrations  of  this  interesting  effect  of  maguetisatiou  on  light. 


ExperitTients  for  impi-oving  the  Cmuttruciion  of  Practical  Standardu  fcr 
use  in  Electncal  Measurements. — Report  of  the  CoTrvmittee,  _co7isistiTuj 
of  Lord  Rayleigh  (Chairman),  Mr.  K.  T.  GlazeBrook  (Seci-etarij), 
Lord  Kelvin,  Professors  W.  E.  Ayrton,  J.  Perry,  W.  G.  Adams, 
Oliver  J.  Lodge,  and  G.  Carey  Foster,  Dr.  A.  Muirhead,  Sir 
"W.  H.  Peeece,  Professors  J.  D.  Evebett  and  A.  Schuster, 
Dr.  J.  A.  Fleming,  Professors  G.  P.  FitzGerald  and  J.  J. 
Thomson,  Mr.  W,  N.  Shaw,  Dr.  J.  T.  Bottomlby,  Rev.  T.  C. 
FiTZPATBiCK,  Professor  J.  Viriamu  Jones,  Dr.  G.  Johnstone 
Stoney,  ProfesBor  S.  P.  Thompson,  Mr.  J.  Resnie,  Mr.  E.  H. 
Griffiths,  Professor  A.  W.  ROcker,  Professor  H.  L,  Callendar, 
Mr.  Georqe  Matthey,  awl  Sir  W.  Roberts-Austen. 

A^essaix. —/fate  oa  tin  loipraved  EetUtance  Coil.    -Sy  Bobest  S.  Whipplb   p.  55 

During  the  year  the  resistance  coils  and  other  apparatus  belonging  to 
the  Committee  have  been  removed  to  Bichmond.  Most  of  the  apparatus 
has  been  set  up  in  an  outbuilding  attached  to  the  Eew  Observatory,  which 
has  been  fitted  by  the  Committee  of  the  National  Physical  Iiaboratory  as 
a  temporary  laboratory. 

Tt  is  interesting  to  note  that  the  case  containing  the  original  coils  of 
the  Association  bears  the  words,  '  To  be  deposited  at  Kew.'  After  many 
wanderings  the  coils  have  at  last  returned  to  their  home- 

The  Sub-Committee  on  Platinum  Thermometry  held  a  meeting  in  the 
spring,  and  agreed  to  the  following  resolutions  ; — 

(i)  That  a  particular  sample  of  platinum  wire  be  selected,  and  platinum 
thermometerB  be  constructed  therefrom  to  serve  ae  standards  for  the 
measurement  of  high  temperature. 

(ii)  That  Mr.  Glazebrook  and  Professor  Callendar  be  requested  to 
consider  the  details  of  the  selection  of  wires  and  construction  of  ther- 
mometera  for  the  above  purpose,  and  to  consiult  with  Mr.  Matthey,  who 
kindly  consented  to  give  his  assistance. 

Since  then  Mr.  Matthey  has  supplied  the  Sub-Committee  with  two 

rimetifi  of  very  pure  plal^um.  Portions  of  these  have  been  made  into 
mometers  and  tested  at  the  National  Physical  Iiabomtory,  with  the 
following  results,  R,,  being  the  resistance  at  0°  and  E,oo  at  100°,  while 
8  is  the  coefficient  occurring  in  Callendar's  difference  formula  : 

Wirel         .  1-3883  .         .         1-493 
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The  question  of  the  seleotion  of  a  wire  for  the  c<atatruction  of  the 
standardB  is  stilt  under  the  coneideretioa  of  the  Committee. 

During  the  eummer  a  vtiry  full  comparison  has  been  made  of  the  unit 
resistaoce  coils  of  the  AsBOciation,  and  the  opportunity  has  been  taken  of 
comparing  these  with  some  coils  belonging  to  the  Board  of  Trade,  and 
with  others  which  have  recently  been  obtained  from  the  Beichsanstalt; 
The  coils  were  also  compared  with  one  of  the  mercury  resistance  tubes 
prepared  by  M.  Benoit  in  1885,  and  which  has  been  in  the  care  of  the 
Secretary  since  that  date. 

The  results  have  not  yet  been  completely  worked  out,  and  publication 
is,  therefore,  necesBariiT  deferred.  Moreover,  the  temperature  during 
July  was  very  high,  so  that  the  mean  temperature  of  the  observations  is 
much  above  that  at  which  previoua  comparisons  have  been  made.  For 
the  purpose,  therefore,  of  connecting  these  results  with  the  past  it  will  be 
desirable  to  make  some  further  observations  in  the  autumn. 

It  seemed  desirable  to  set  up  some  mercury  resistance  tubes  in 
England,  with  a  view  of  keeping  a  check  on  the  variations  of  the  wire 
standards. 

Preparations  have  been  made  for  this.  A  number  of  selected  tubes  of 
'  verre  dur '  have  been  obtained,  with  the  land  asaistaaoe  of  the  ofGcials 
of  the  Bureau  IntemationaJ,  from  M.  Bandin,  while  other  tubes  of  Jena 
glass  have  been  procured  from  Schott  &  Co.  Steps  are  being  taken  to 
have  some  of  the  best  of  these  calibrated. 

Some  advance  has  been  made  during  the  year  with  the  construction 
of  the  Ampere  balance.  The  Committee  greatly  regret  the  serious  illness 
^f  Frof.  J.  V.  Jones,  which  has  prevented  more  rapid  progress.  The 
stand  for  raising  and  lowering  the  outer  coils  has  been  completed. 
Thanks  to  the  generosity  of  Sir  A.  Noble,  the  cost  of  this,  estimated  at 
about  lOOA,  has  been  saved  the  Committee. 

I>uring  the  spring  the  (Secretary,  as  Director  of  the  National  Physical 
laboratory,  vi^t«d  the  Bureau  International  at  Paris  and  the  Reichu- 
nnstalt  at  Berlin.  The  Committee  are  glad  to  put  on  record  their 
appreciation  of  the  great  courtesy  and  kindness  with  which  he  was 
received  by  President  Kohtrausch,  M.  Benoit,  and  the  other  officials  con- 
nected with  those  institutions. 

The  Committee  are  informed  that  at  the  recent  International  Electrical 
Congress  at  Paris  the  two  following  resolutions  were  unanimously  adc^ted 
by  Section  I,  and  confirmed  by  the  Congress  and  by  the  Chamber  of 
Government  Delegates  : — 

1.  The  Section  recommends  the  adoption  of  the  name  of  Gauss  for 
the  C.G.S.  unit  of  magnetic  field. 

2.  The  Section  recommends  the  adoption  of  the  name  of  Maxwell  for 
the  C.G.S.  unit  of  magnetic  flux. 

The  question  of  giving  names  to  the  units  of  magnetic  force  and  flux 
baa  been  before  the  Committee  on  several  occasions.  The  Committee 
therefore  were  in  a  position  to  welcome  cordially  these  resolutions,  and  at 
their  last  meeting  agreed  unanimously  to  a  resolution  adopting  the  two 
names  selected  by  the  Paris  Congress. 

Of  the  sum  of  251.  voted  last  year,  13f.  7«.  7d.  has  been  expended  on 
material  for  the  new  platinum  thermometers  and  on  the  transport  of  the  ap- 
paratus from  Liverpool  to  Richmond.  If  the  plan  of  constructing  standards 
for  platinum  thermometers  is  adopted,  it  will  be  necessary  to  purchase  a 
]aT;ge  stock  of  suitable  wire,  the  whole  of  which  should  be  mode  at  the 
same  time.     For  this  a  considerable  expenditure  will  be  required  ;  there 
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will  Also  be  incidental  expenna  connected  viUi  the  making  and  itondard* 
iiittgof  die  thennometen.  For  these  purposes  the  Committee  ukfora 
grant  of  75/. 

The  Committee  therefore  recommend  that  they  be  reappointed,  with 
a  grant  of  76/.,  and  that  Lord  Rayleigh  be  Chairman  and  Mr.  B.  T.  Olaze- 
brook  Sflcretaiy. 

APPENDIX. 

Note  on  an  Improved  Standard  Benttanee  Coil. 
By  KOBKBT  8.  Whipplb. 

The  coil  in  qaeetion  consists  of  a  bare  wire  wonnd  on  a  mica  frame. 

This  form  of  coil  poesesaes  the  following  advantage  over  the  ordinarjr 
reaistanoe  coil  : — (I)  The  coils  can  be  annealed  to  a  duU  red  heat  in  m<u, 
thus  relieving  the  wire  of  any  straiD  caaeed  by  the  winding.  (2)  The 
heating  of  a  wire  immersed  in  oil  is  less  than  one  silk-covered  and 
vamisfaed.  (3)  The  temperatareof  l^e  wire  can  be  accurately  determined 
l^  means  of  a  thermometer  placed  in  the  oil  surrounding  the  wire. 
Oiennan  phyBidats  have  adopted  a  form  of  coil  in  which  the  wire  is 
silk-covered  and  vunished  and  then  placed  in  a  metal  case  perforated 
with  holes.  The  whole  coil  is  placed  in  an  oil  bath  when  in  use.  This 
form  of  coil  is  open  to  the  objection  that  it  cannot  be  annealed  above 
140°  C.  without  causing  injury  to  the  silk  covering  on  the  wire,  and  there 
is  R  certain  amount  of  lag  in  the  oil  obtaining  the  temperature  of  the 
ooil. 

By  request  of  the  Electrical  Standards  Department  of  the  Bom^  of 
Trade  the  Scientific  Instrument  Co.,  Cambridge,  have  designed  nnd 
made  two  standard  1-ohm  coils  the  wires  of  which  are  bare  and  immersed 
in  oil ;  a  modification  suggested  by  Mr.  Horace  Darwin  was  also  fitted 
for  Obtaining  the  temperature  of  the  coils.  The  coila  proper  consist  of 
O'OSK  In.  PtAg  wire  wound  on  mica  frames,  the  ends  of  the  wires  being 
attached  to  stout  copper  terminals  in  the  usual  manner.  A  0*08  in.  platinum 
wire  is  wound  alternately  with  the  platinum -silver  wire,  and  is  attached 
similarly  to  stout  copper  leads.  Both  coils  are  adjusted  to  a  resistance 
of  1  ohmat  15°'6C.  Owingto  the  difference  in  the  temperature  ooefficient 
of  «ie  two  wires  (PtAg  0-00024,  Ft  0-00350>,  a  small  change  in  the 
temperature  of  the  coil  causes  a  ctmiparatively  large  difference  between 
the  resistances  of  the  two  coils.  This  difference  being  known,  the 
temperatures  in  degrees  Centigrade  is  given  by  the  adjoined  table.  The 
table  is  calculated  from  the  diflerence  in  the  temperature  coefflcients  of 
the  two  wires  000360— 0-00024= 0-00 326  for  1"  C. 

Tempeiatoro  of                               Differeiice  in  reButance 
■tsnd&rd  coil  of  the  coiU 

ICO  C. -O  01T93, 

n=-9c;    :    ;    :    ;    :    ?.Sn«|"««?r  ""ll^Ti^^.V'^ 

18"  OC 0'008l5r    "=™te°Mth»na»pUttoiiiii- 

M'-OC 000489       silver  coil. 

IB'-OO. -000163' 

If-iQ 000000 

\f3.  p ■''^mioo)  Katinnm  coil  having  a  higher 

l^^a       :       :       ;       :       :       ^m\    n«»»t«<»th«.th«platiniun. 

19°-0C. 0-OlHl        «fl™»U-  ,,  , 

20°-OC +CK)H67'  C.OO(^IC 
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As  the  temperature  coefficient  of  platinnm  is  about  fifteen  times 
fts  great  aa  that  of  platinum -ailrer,  the  resistance  of  this  coil  may  be 
measured  to  one  significant  figure  less  than  the  standard  coil  without 
aSecting  the  value  for  the  temperature  of  this  coil.  In  measuring  small 
reaistancea  the  det«rmination  of  the  last  figure  to  O'OOOOl  ohm  requires 
considerable  care,  aud  the  advantage  of  noc  being  compelled  to  measure 
to  Buoh  (i  high  degree  uf  accuriicy  is  apparent.  The  two  wires  being 
wound  ou  the  same  frame  alternately  with  each  other  and  immersed  in 
oil  are  at  the  same  mean  temperature.  Any  temperature  gradient  in  the 
oil  influences  both  wires  similarly,  thus  doing  away  with  the  necessity  of 
a  stirrer.  The  platinum  wire  is  also  useful  for  testing  the  insulation  of 
the  windings  of  the  PtAg  coil  one  from  the  other.  The  coils  are  placed 
in  a  glass  vessel  in  order  that  the  behaviour  of  the  insulating  oil  with 
time  may  be  studied. 


Pkolographic  Meleorolo/jy. — Tenth  Report  of  the  Committee,  eonslsling 
of  Professor  R.  Meldola,  Mr.  A.  W.  Claydes  (Secretary).  Mr.  J, 
HoPKiNSos,  trnd  Mr.  H.  N.  Dickson.  {Dratvn  u}'  by  the 
Secretary.) 

The  Committee  have  suffered  a  severe  loss  during  the  post  year  by  the 
death  of  the  Chairman,  Mr.  G.  J.  Symons,  F.R.S.,  whose  genial  presence 
and  energetic  support  will  be  greatly  missed  from  many  scientific  societies, 
and  especially  from  those  which  are  interested  in  meteorology.  This  is  not 
the  place  to  attempt  any  adequate  eulogium  of  bis  life's  work,  which, 
indeed,  is  too  well  known  to  need  description. 

The  observational  work  in  progress  was  brought  to  an  abrupt  end 
early  in  October.  On  visiting  the  ground  where  the  cameras  stood  in 
order  to  make  some  measurements  it  was  found  that  the  connecting  wire 
between  the  two  stations  had  been  blown  down  by  a  heavy  gale  a  few 
days  before.  The  poles  were  snapped  in  two,  several  of  the  insulators 
broken,  and  the  connections  to  the  cameras  damaged. 

It  was  felt  that  it  was  not  worth  while  to  re-erect  the  line  on  the 
same  site,  as  the  number  of  observations  already  mode  was  rather  more 
than  400,  and  also  because  the  site  had  become  mach  less  convenient. 

It  was  on  some  waste  ground  beloeging  to  the  L.  &,  8.  W,  B.  Co., 
near  their  engine  sheds.  At  first  this  was  very  little  disturbed,  but  for 
the  last  two  years  railway  operations  have  been  encroaching  on  the  space, 
a  preliminary  process  being  the  deposit  of  great  quantities  of  rubbish. 

Attempts  were  mode  to  find  another  suitable  site,  but  none  seemed 
available  within  a  convenient  distance,  and  the  expense  of  re-erecting  the 
line  and  repairing  the  apparatus  would  be  considerable  and  not  worth 
incurring  unless  frequent  observations  were  possible. 

It  seemed,  therefore,  that  the  best  coui^  would  be  to  summarise  the 
results  BO  ia.T  attained  and  suspend  measurements  until  a  favourable 
opportunity  should  occur. 

So  far  the  total  number  of  measurements  made  is  423..  These  include 
no  measurements  of  the  variety  of  cloud  known  as  nimbus  and  very  few 
of  tme  stratus,  the  great  majority  being  of  cirrus,  cim-stratns,  drro- 
cumulus,  alto-cumuluB,  and  alto-stratus. 

■    •    ■       'gl^' 
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The  following  tables  show  a  comi»riBOQ  between  the  ExeCer  measure- 
ments and  those  made  at  Blue  Hill  and  TTps&Ia  respectively  : — 

Sfaxlmirm  Altitudes  in  Mttret. 


—                                 Blue  Hill 

UpHlu       < 

E..U. 

No.  <A  Ob- 

Cittos 1     H,y30 

13,378    ! 

27.413 

68 

Cicro-stiatOB  . 

12,134 

11,391     j 

IS.E03 

64 

CiiTO-cnmnl09 

,      10.620 

10,235    ' 

11.679 

63 

.        .          8,204 

8.297 

9.390 

es 

1  Camillas  top  . 

3.<ill 

4^83 

42 

1  Comnlxa  bate.        . 

;        '.          3,682 

2,143 

1.959 

48 

3,328 

4,324 

6,926 

27 

1  CoDHilo-iiimbiiB  top 

6.!*70 

6,409 

IG 

CaiiiDlo-Dimbas  base 

;          1,590 

1.630 

2,286 

16 

jyiiaiinwii  Allitudft  in 

Metres. 

—                              i       Blue  HiU 

UiraaU 

Exetel: 

Cirrus 1         6,892 

4,970 

1 

TnT~ 

2.280 

4.740 

.%840 

4,772 

3,880 

3,667 

784 

1,498 

1,828 

CnmulM  top 

1,45S 

;             900 

1 

OimDlas  baw 

;          601 

743 

684 

Strato-comulus     . 

;        J.109 

887 

823 

1,400 

' 

2,004 

ComQlo-Dimbua  base    ...                894 

1,180 

766 

Mean  Attitudes  in  Metres. 

BloeHill 

Uptela 

Exater 

CSmis 

0.923 

8.878 

0,230 

Clrro-strntoa 

7.G17 

7.228 

9,640 

Cirro-cnmDlna 

7.60e 

1          6,465 

3,624 

4.787 

1          4.178 

6,348 

Comnliis  top 

2.181 

,          1.8G6 

3,008 

CoiddIiu  base 

\M 

1.386 

1,280         1 

Strato-ciimnlns    . 

]          3,003 

2.331 

2,248 

Cnmnlo-nimbna  top      . 

2.848 

H,002 

'.  \          1,203 

1,405 

1,045 

In  making  such  a  comparison  there  are  many  ditHculties,  for  the 
different  types  of  cloud  so  merge  into  ttaoh  other  that  unless  the  figures 
are  known  to  relate  positively  to  cloads  resemblitig  a  certain  type  picture 
any  agreement  can  only  be  general. 

It  will  be  seen  that  the  maximum  values  at  Exeter  exceed  those  of 
the  American  and  Swedish  observations  in  every  case  except  that  of  the 
base  of  cumulus.  It  should  be  noted,  however,  that  several  of  these 
maxima  occurred  on  one  day  (June  12,  1696).  If  that  one  day  had  been 
omitted,  the  maxima  for  cirrus  and  cirro-stratus  would  be  only  about 
1,000  metres  greater  than  the  Blue  Hill  values.  ^ 
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In  comparing  the  mean  values  a  Eimil&r  remark  holds  good,  the  greater 
values  at  Exeter  being  due  to  a  small  number  of  extreme  observations. 

The  minimum  altitudes  recorded  at  Exeter  compare  fairly  well  with 
the  otheri,  some  of  the  ditfereuces  being  moet  probably  due  to  nomenclature. 

Several  series  of  observations  have  been  made  in  a  single  day  with  the 
object  of  determining  the  rise  or  fall  of  clouds.  It  is  clear  from  these 
that  on  an  average  day  the  cloud  planes  rise  steadily  until  the  early 
afternoon,  between  2  and  3  p.m.,  when  the  maximum  for  the  day  is 
usually  reached.  This  is  followed  by  a  fail,  which  gets  mora  and  more 
rapid  towards  sunset.  In  caJm  weather,  or  weather  with  only  a  moderate 
breeze  and  no  great  barometric  disturbance,  this  diumal  rise  and  fall  is 
very  clearly  marked  ;  but  in  broken  weather,  with  strong  winds,  showers, 
or  barometric  changes,  it  may  be  completely  masked. 

Cumulus  is  the  result  of  an  upward  movement,  but  cirro-cumulus  and 
altocumulus  may  sometimes  be  the  result  of  e.  descending  xaovemeot,  in 
which  case  the  lompy  form  is  never  persistAnt,  bat  passes  into  a  stratiform 
cloud  very  quickly. 

True  cirrus  of  the  whispy  form  is  described  by  some  meteorologists  as 
due  to  a  rapid  ascending  current,  by  others  to  an  equally  rapid  descent. 
The  measurements  made  indicate  that  this  form  of  cloud  may  exist  with 
an  upward  or  a  downward  movement,  or  with  no  recognisable  movement 
at  all 

The  greatest  altitudes  have  been  found  with  thunderstorm  conditions, 
the  lowest  (excepting  fog)  with  cyclonic. 

The  measurements  compared  in  the  foregoing  tables  have  all  been 
made  between  April  and  October  inclusive.  In  the  winter  months  the 
ground  has  generally  been  too  wet  for  use,  and  the  figures  from  the 
foreign  stations  ara  for  the  summer  months  only.  It  seems  difficult  at 
first  to  see  why  the  altitudes  should,  on  the  whole,  he  greater  at  Exeter, 
the  greater  humidity  of  the  air  leading  rather  to  the  expectation  of  more 
easy  cloud  production,  and  therefore  lower  attitudes.  But  the  fact  of 
thunderstorm  conditions  being  attended,  as  they  seem  always  to  be 
attended,  by  great  cloud  altitudes  suggests  another  explanation.  This  is 
that  vapour  in  a  cloud -producing  quantity  exists  to  a  greater  height 
above  Devonshire  It  will  be  noticed  that  the  greater  altitudes  are  true 
only  of  the  higher  clouds,  and  that  the  mean  level  of  the  base  plane  t^ 
cumulus  and  cumulo-nimbus  is  actually  lower  at  Exeter  than  at  either 
of  the  other  stations. 

The  photographs  collected  some  years  ago  by  the  Committee  have 
been  placed  in  the  care  of  the  Royal  Meteorological  Society,  with  the 
exception  of  prints  from  the  negatives  belonging  to  the  Secretary,  who 
will  add  them  as  opportunity  offers. 

During  the  past  year  the  Secretary  has  made  a  number  of  experiments 
with  the  Ives  and  Joly  processes  for  photography  in  natural  colours,  but 
has  found  that,  although  either  process  can  be  made  to  record  the  colour 
of  a  cloud,  the  tints  of  a  sunset,  or  even  the  colours  of  the  rainbow,  the 
reproduction  of  the  colours  is  so  far  from  being  an  automatic  process  that 
neither  method  promises  to  be  of  very  great  meteorological  value  except  in 
the  hands  of  experts. 
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Smmnological  Investigations. — Fifth  Report  of  the  Committee,  eon- 
sisUiig  of  ProfeBSor  J.  W.  JUDD  (Cliairman),  Mr.  JoHB  MlLME 
(Secretary),  Lord  Kelvin,  ProfeBsor  W.  G.  Adams,  Professor  T.  G. 
BoNHEY,  Sir  r.  J.  Bramwell,  Mr.  C.  V.  Boys,  Profeasor  G.  H. 
Dabhtn,  Mr.  Horace  Dabwin,  Major  L.  DABmN,  Professor  J.  H. 
EwiNG,  Professor  C.  G.  Kkott,  Professor  R.  Meldola,  Mr,  R.  D. 
Oldham,  Profeasor  J.  Perry,  Mr.  W.  E.  Plummer,  Professor  J.  H, 
PoYNTiHQ,  Mr.  Clement  Reid,  Mr.  Nelson  Richardson,  the 
late  Mr.  G.  J.  Symons,  avd  Professor  H.  H.  TuRNBE. 
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1.  (hi  Seiamotogieal  Slati&iis  abroad  aiid  in  Great  Britain. 

In  addition  to  the  twenty-three  stations  referred  to  in  the  Report  for 
1899  instnunenta  have  been  ordered  for  the  Observatory,  Melbourne, 
the  Obaerratory,  Sydney,  N.S.W.,  for  Ceylon,  for  the  Johns  Hopkins 
UaiTernty,  B^timore,  the  Liverpool  Observatory,  Bidston,  and  the 
B^^al  Obaervatory,  Eldinburgh.  The  total  number  of  simitar  installa- 
tions which  may  be  expected  to  be  in  working  order  before  the  end  of 
the  ourrent  year  will  therefore  be  twenty-nine.  The  positions  of  theae 
are  shown  on  the  map  (Plate  II.). 

S«giateiB  ending  December  31,  1899,  referring  to  Shide,  Kew,  Cal- 
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cutta,  Madras,  Bombay,  San  Fernando  (Spain),  Cairo,  Mauritius,  Bataviai, 
Cape  of  Good  Hope,  and  Tokio,  have  been  printed  and  issued  as  a  circular 
to  all  co-operating  statioas,  to  those  who  have  assisted  this  committee  in 
their  work,  and  to  persons  expressing  a  wish  to  posseas  the  some.  With 
the  object  of  finding  permanent  quarters  at  which  a  central  observing 
station  might  be  established  in  England,  at  the  suggestion  of  this  Com- 
mittee its  Secretary,  in  company  with  Mr.  Horace  Darwin,  visited  the 
Office  of  Works,  the  Treasury,  and  the  Admiralty,  and,  with  Major 
Leonard  Darwin,  the  Horse  Guards.  Many  sites  were  discussed,  and 
through  the  kindness  of  Colonel  Hildebrand,  K.E.,  and  commanding 
ot&cers  of  the  Ri^al  Engineers  facilities  were  given  to  visit  forts  and 
other  buildings  at  Chatham,  Folkestone,  Porchester,  and  in  the  Isle  of 
Wight. 

A  report  on  these  visits  and  on  those  to  other  places,  together  with  a 
reference  to  steps  generally  which  have  been  taken  to  find  the  required 
site,  has  been  drawn  up  for  the  Council  of  the  British  Association. 

In  ronseqaence  of  the  generosity  of  Mr.  M.  H.  Gray,  an  instrument 
room  is  now  being  built  at  Shide. 

II.  Anali/ses  of  Large  EarlJtquakes  recortled  in  1899.     By  Joutr  Milxe. 
1.  Nature  and  Object  of  Ihene  AnafyatB. 

Ill  m07  the  Seidmological  Investigation  Committee  of  the  British 
^Vssociation  issued  to  the  directors  of  observatories  and  other  persons  in 
various  parts  of  the  world  a  cireular  in  which  they  called  attention  to  the 
desirability  of  observing  earthquake  waves  which  had  travelled  great 
distances.  It  was  pointed  out  that  similar  instruments  should  be  used  at 
all  Stations,  and  the  type  recommended  as  being  simple  to  work,  and  one 
that  yielded  results  sufficiently  accurate  for  the  main  objects  in  view,  was 
described  by  the  Committee  in  a  report  (see  Reports  of  the  British 
Association,  1897,  p.  137  et  aeq.). 

The  result  of  this  appeal  is  that  instruments  have  been  forwarded  to 
the  following  twenty-six  stations  : — Shide,  Kew,  Toronto,  Victoria,  B.C., 
San  Fernando  (Spain),  Madras,  Bombay,  Calcutta,  Mauritius,  Cairo,  Cape 
of  Good  Hope,  Tokio,  Batavia,  Arequipa,  Swarthmore  Collie  (Phila- 
delphia), Cordova  (Argentina),  New  Zealand  (two  instruments).  Paisley, 
Mexico,  B^ntt,  Honolulu,  Trinidad,  Melbourne,  Sydney,  Johns  Hopkins 
University  (Baltimore). 

For  the  year  1899  registers  were  received  from  the  first  thirteen  of 
these  stations.  With  the  exception  of  those  relating  to  Toronto  and 
Victoria,  these  have  been  communicated  to  observers  by  the  Committee 
as  a  cireular.  This  circular  is  independent  uf  the  present  report,  but 
continuous  with  registers  contained  in  corresponding  reports  subsequent 
to,189D. 

A  glance  at  these  registers,  or  tables  based  u[>on  them  (see  pp.  80-87), 
shows  that  while  certain  earthquakes  have  evidently  shaken  the  whole 
surface  of  our  globe,  and  have  probably  disturbed  the  same  throughout  its 
mass,  there  are  others  of  less  intensity  which  have  only  affected  certain 
parts  of  the  same.  For  example,  one  set  of  earthquakes  were  only 
recorded  at  stations  in  Western  Europe,  whilst  another  set  were  i^pa- 
rently  confined  to  the  Indian  Ocean.  In  the  following  p^)er  the  earth- 
quakes referred  to  toe  only  tbose  which  were  recorded  in  England,  from 
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wMoh  it  follows  that  although  tha  largeet  e&rthqoRkea  of  the  year  1899 
are  discussed  manj  earthquakes  which  are  comparatively  smaller  have 
been  omitted. 

The  object  of  the  dUcussion  is  to  indicate  hy  examples  some  of  the 
directions  in  which  this  extensive  system  of  earUiquake  observation  is 
increasing  our  knowledge  of  dynamical  phenomena  inherent  to  the  world 
on  which  we  live. 

The  plan  of  the  discussion  is  as  follows : — First,  those  earthquakes 
which  bare  been  recorded  at  the  greatest  numher  of  stations,  and  which 
have  knoten  origins,  have  been  selected  from  the  others  and  analysed 
separately.  To  coohrm  the  results  towards  which  these  analyses  point, 
r^erences  have  been  made  to  the  more  triistworthy  records  obtained  by 
similar  instruments  in  previous  years.  The  principal  objects  in  view  have 
been  as  follows.  The  determination  of  the  velocities  with  which  various 
types  of  earth  vibrations  are  propagated  and  the  duration  of  preliminary 
tremors  at  varying  distances  from  origins ;  to  show  that  earthquake 
repetition  and  echoes  are  fairly  frequent  and  to  point  out  the  existence 
of  phenomena  for  which  satisfactory  explanations  are  as  yet  wanting.  In 
connection  with  these  investigations  references  are  made  to  hypotheses 
relating  to  the  physical  condition  of  the  interior  of  our  earth. 

Second,  the  results  obtained  by  the  above  analyses  are  used  as  a 
means  to  determine  the  foci  of  disturbances  not  included  in  the  first 
section  of  this  paper.  These  foci,  which  for  the  most  part  are  sub-oceanic, 
in  some  instances  indicate  localities  where  it  would  be  unwise  to  lay  cables, 
and  where  we  may  expect  to  ilnd  configurations  differing  from  those  shown 
upon  our  physical  maps. 

Bemembering  that  very  many  of  the  earthquakes  discussed  represent 
initial  disturbances  which  were  followed  by  many  after-shocks,  the  map 
depicting  these  foci  shows  the  regions  on  the  surface  of  the  earth  where 
in  the  year  1899  seismic  activity  was  most  pronounced. 

2.   Vtlacitiei  of  Earthquake  Wavti. 

The  knowledge  hitherto  at  onr  disposal  respecting  the  velocity  of  trans- 
mission of  earthquake  motion  over  long  paths  has  been  based  on  records 
obtained  from  instruments  differing  in  type  and  sensibility,  alt  of  which 
were  installed  in  Europe.  The  result  of  this  has  been  that,  although  the 
registers  led  to  the  determination  of  average  velocities  along  paths  of 
vaiTing  lengths,  they  never  gave  actual  velocity  from  point  to  point.  It 
was  seen  that  along  paths  from  10°  to  90°  the  velocity  of  transmipsion  of 
the  preliminary  tremors  increased  rapidly  with  the  lengths  of  these  paths, 
whilst  the  average  velocity  for  la^ge  waves  increased  but  slightly.  With 
regard  to  the  former  my  own  analyses  of  heterogeneous  materials  led  to 
the  conclusion  that,  if  the  preliminary  tremors  travelled  along  paths 
approximating  to  chords  through  the  earth,  then  the  average  velocity  of 
transmission  to  a  distant  station  was  practically  dependent  on  the  square 
root  of  the  average  depth  of  the  chord  connecting  that  station  and  the 
earthquake  centre.  This  furnished  Dr.  C.  G.  Knott  with  the  hypothesis 
that  the  square  of  the  velocity  of  these  particular  vibrations,  which  were 
in  all  probability  compressional,  was  a  linear  function  of  the  depth.  With 
this  assumption,  and  with  a  given  initial  velocity,  the  rate  of  transmission 
at  any  point  within  the  earth  could  be  determined  and  wave  fronts 
drawn;  and  by  accepting  a  law  respecting  the  increase  of  deciltjr  within 
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our  earth  the  elaatioity  governing  the  transmission  of  oondensatianal 
vavea  coold  be  determined.  The  following  notes  ahow  that,  although  the 
fiist  conclnsioa  and  the  consequent  hypothesis  do  not  require  modification, 
cooBtanta  Deceesary  in  farther  calculations  require  to  be  modified. 

With  regard  to  the  large  waves  my  own  Assumption  was  that  their 
apparent  increase  in  velocity  wiUi  distance  raight  be  due  to  the  tact  that 
it  was  only  large  waves  which,  travelling  fast«r  than  small  waves,  reached 
great  distances. 

The  observations  brought  together  in  this  paper  ahow  that  this  idea 
has  to  be  abandoned,  and  la  its  place  we  are  to  accept  either  tite  hypothesis 
of  a  surface  wave  which  increases  its  velocity  in  regions  90°  from  the  focus, 
or  of  a  distortional  wave  passing  through  the  earth  the  outcrop  of  which 
gives  rise  to  similar  surface  undulations. 

S.  Sources  of  Error. 

The  phases  of  eartiiquake  motion  here  considered  are  the  first  prw- 
limioary  tremors  and  the  first  group  of  large  waves,  which  latter  in  a 
seismogram  representing  an  earthquake  which  has  originated  at  a  great 
distance  Usually  correspond  to  the  maximum  movement. 

Although  near  to  the  origin  of  an  earthquake  there  is  a  varying 
interval  of  several  seconds  between  the  first  movements  and  the  shock  or 
shocks,  it  is  the  time  of  occurrence  of  thb  latter  phase  which  is  taken  as 
the  datum  to  which  observations  made  at  great  distances  from  origins  are 
referred.  The  initial  time  for  all  large  earthquakes  has  been  a  matter  of 
inference.  It  may  be  deduced  from  the  times  at  which  clocks  have  been 
stopped,  or  which  have  been  noted  with  varying  degrees  of  accuracy  by 
survivors  in  an  epifocal  district,  but  more  generally  it  has  been  deduced 
from  automatic  time  determinations  outside  such  an  area,  and  subtracting 
from  the  same  an  interval  which  the  shock  is  assumed  to  have  taken  to 
travel  from  its  origin  to  the  point  or  points  where  these  chronographic 
records  have  been  made.  The  determination  of  this  interval  is  based 
upon  repeated  observations  of  earthquake  velocities  made  between  stations 
well  removed  from  an  epicentre  and  well  outside  a  meizoseismal  area. 
These  figures  are  important,  not  only  for  this  particular  purpose,  hut  also 
for  completing  velocity  curves  which  may  represent  transmission  over  the 
surface  and  through  the  material  of  the  whole  globe.  They  have  been 
arrived  at  by  many  observers,  the  last  being  those  given  by  Dr,  P.  Omori, 
who  for  paths  commencing  100  kms,  from  an  origin  and  extending  to 
distances  of  1,000  kms.  gives  the  velocities  of  2'2  km.  for  preliminary 
tremors  and  TT  km.  for  Urge  waves,  and  within  these  limits  the  former 
outrace  the  latter  at  the  constant  rate  of  15  seconds  per  100  kms. 

When  we  remember  that  large  earthquakes  may  sometimes  originate 
as  practically  simultaneous  displacements  over  very  large  areas,  it  is  seen 
that  the  application  of  the  method  here  considered  might  easily  result  in 
determinations  of  initial  times  from  a  few  to  some  sixty  seconds  earlier 
than  had  reaUy  been  the  case.  Errors  of  this  nature  would  result  in  a 
general  lowering  of  the  determinations  for  true  velocity  of  transmission 
of  earthquake  motion  to  distant  stations,  the  deviation  from  the  truth 
being  most  marked  for  the  preliminary  tremors,  and  in  records  referring 
to  transmission  to  stations  comparatively  near  to  on  origin. 

Another  serious  error  af&cting  the  determination  of  initial  time  arises 
from  the  difficulty  in  accurately  locating  the  position  of  a  focus,  especially 
wb«i  thia  Is  sub-oceanic. 
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The  aflsumption  that  for  large  earthqnakea^  at  least,  the  origin  has 
bem  at  an  epicentre  rather  than  in  a  r^on  at  a  oertain  depth  betoir  the 
Borface,  is,  so  far  as  velocity  determinations  are  concerned,  of  but  small 
importance.  Although  all  stations  have  similar  instrumente,  the  recordB 
frcHu  one  or  tvo  of  them  indicate  that  their  adjuatmeat  has  not  been 
similar  to  that  adopted  at  the  remaining  stations.  Not  only  should  each 
instmment  have  a  period  of  15  seconds,  but  when  its  boom  is  deflected 
7  or  8  mm.  from  its  normal  position,  and  then  set  free,  it  should  take 
7  or  8  minutes  before  retarning  to  rest.  If  this  latter  condition  has  not 
been  observed,  an  instrument  may  not  respond  to  the  first  preliminary 
tremors,  with  the  resnlt  that  the  time  recoiled  for  the  oommencement  of 
a  given  earthquake  may  be  registered  aa  one  or  two  minutes  after  the 
true  time. 

Although  errors  of  this  order  may  affect  the  results  deduced  from 
observations  within  20°  of  an  earthquake  origin,  when  we  deal  with  paths 
of  greater  length,  and  especially  with  large  waves,  the  errors  in  the  final 
results  are  practically  inappreciable. 

Another  assumption  mode  in  connection  with  velocity  determinatioas 
is  that  the  group  of  vibratious  and  waves  as  recorded  at  a  distant  station 
extending  between  the  first  preliminary  tremor  and  the  first  majumum — 
which  may  extend  over  any  interval  up  to  100  minutes — were  all  the 
result  of  the  principal  movement  or  movements  at  the  origin  ;  or,  in  other 
words,  they  have  the  same  initial  times.  To  this  assumption  I  do  not 
know  of  any  serious  objection.  The  fact  that  pronounced  phases  of  move- 
ment near  to  an  origin  are  not  only  extended  in  time  as  Uiey  radiate,  but 
are  also  more  or  less  equalised  in  ^eir  amplitude,  frequently  renders  ^e 
determination  of  corresponding  points  in  aeismograms  obtained  at  different 
stations  more  or  less  uncertain.    This  source  of  error  is  sometimes  serious. 

4.  Preliminary  Tremori. 

In  the  compilation  of  the  following  table  the  only  seinnograms  used 
are  those  which  show  a  distinct  commencement.  Each  ear^quake  is 
indicated  by  its  British  Association  Hegister  number,  and  the  locality 
from  ivhich  it  originated.  Following  this  are  the  initial  letters  (see  p.  88) 
of  the  station  or  stations  at  which  it  was  observed.  The  figures  following 
these  initial  letters  give  the  number  of  minutes  taken  by  the  prehmioary 
tremors  to  reach  these  stations,  and  the  number  of  degrees  between  the 
stations  and  the  earthquake  origins.  Tliese  figures  are  respectively  placed 
in  positions  corresponding  to  the  numerators  and  denominators  of  fractions. 
If  an  initial  letter  is  followed  by  a  zero  for  a  numerator,  this  indicates 
that  all  other  time  intervals  are  measured  relatively  to  the  observa- 
tion made  at  the  station  represented  by  ^e  initial  letter. 

The  fewness  of  these  records  chiefly  arises  from  these  facts  :  first, 
they  only  refer  to  earthquakes  with  a  known  origin  ;  secondly,  the 
aeismograms  of  small  earthquakes  recorded  at  distant  stations  do  not 
show  the  preliminary  tremors  corresponding  to  those  given  by  large 
earthquakes  ;  and  lastly,  in  consequence  of  air  tremors  and  other  causes, 
the  earlier  vibrations  have  in  many  instances  been  eclipsed  or  lost.  Their 
chief  merit  is  that  they  give  for  several  earthquakes  records  from  point 
to  point,  and  that  we  have  for  the  first  time  records  relating  to  paths 
.which  practically  extend  from  an  origin  to  its  antipodes. 
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The  aambers  given  in  the  preceding  table  hftve  been  plotted  on 
squared  paper,  degrees  being  measured  horizontally  and  minntee  vertically. 
From  the  carves  thus  obtnined  the  average  times  for  preliminaiy  tremors 
to  tntvel  distances  of  20°,  30°,  40°,  &c.  have  been  determined,  and  are 
shown  diagrammatically  in  fig.  1.  The  initial  velocity  is  taken  at 
2-2  km.  per  second.  A  glance  at  the  table  on  which  this  curve  is  founded 
indicat«B  that  the  same  can  for  the  present  only  be  regarded  as  provisional. 
The  incurvation  between  50  and  80  degrees  is  evidently  due  to  errors  in 
observation. 

fl.  Large  Wavet. 

The  construction  of  the  following  table  is  similar  to  that  given  for  the 
preliminary  tremors.  Following  the  initial  letter  of  each  station,  in  the 
position  of  a  noiuerator,  the  number  of  minutes  is  given  which  Iai;ge  waves 
occupied  in  travelling  to  that  station  from  the  origin  or  from  the  isoseist 
of  the  locality,  the  initial  letter  of  which  is  followed  by  a  zero.  The 
figures  corresponding  to  denominators  are  the  distances  of  the  localities 
beneath  which  they  appear  from  the  origins  of  the  difierant  earthquakes. 
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When  theso  oburvationa  are  plotted  on  squared  paper  it  is  found 
that  they  ptacticallT  lie  on  the  atraight  line  referring  to  large  waves  in 
fig.  1,  indicating  that  this  form  of  movement  passes  from  its  orij^  to 
its  antipodes  with  a  constant  arcnal  velocity  of  3  km.  per  second.  If, 
however,  the  direction  of  propagation  has  been  along  a  diameter,  the 
average  velocity  becomes  1*9  km.  per  second.  The  time  taken  for  an 
e&rtbqaake  to  travel  from  its  origin  to  its  antipodes,  whether  it  does  so  as 
a  sorfoce  wave  or  as  a  mass  wave,  is  about  110  minutes. 

One  modification  to  this  general  statement  respecting  a  constant 
velocity  rests  on  the  fact  that  repeated  observations  made  within  ten 
degrees  of  au  earthquake  origin  have  shown  that  the  large  wave  velocity 
within  that  region  is  about  1'8  km.  per  second.  Whatever  the  conditions 
may  be  which  give  rise  to  this  increase  in  velocity  in  a  wave  as  it  radiates 
from  its  origin,  it  seems  probable  that  the  converse  would  take  place  as  it 
approached  its  antipodes,  while  the  maximum  velocity  should  be  sought 
for  in  the  equatorial  or  quadrantal '  r^on  of  the  earthquake's  transit. 
Inasmuch  as  curves  drawn  for  the  Alaskan  and  Coram  earthquakes  show 
that  between  70°  and  110°  from  their  resptective  origins  velocities  may 
reach  4  km.  per  second,  and  that  many  earthquakes  indicate  an  increased 
average  velocity  as  their  paths  increase  up  to  110"  in  their  lengths,  tliere 
are  strong  reasons  for  suspecting  that  the  suggested  phenomena  may 
exist.  The  comparatively  small  initial  velocity  and  the  slightly  increased 
quadiKUtal  velocity  above  the  average  arcual  velocity  are  indicated  in 
fig.  1  by  dotted  lines ;  but  whether  this  modification  can  be  retained 
remains  to  be  determined  by  further  observations.  That  the  average 
arcnal  velocity  between  0°  and  90°  is  practicaUy  3  km.  per  second  finds 
confirmation  in  the  records  for  earthquakes  Nos.  36,  83,  100,  119,  and 
183,  originating  in  Japan,  133  and  134,  originating  near  Borneo,  and 
105,  from  N.£.  India,  aJl  of  which  were  recorded  by  the  same  instrument 
in  the  Isle  of  Wight. 

6.  Interval  betKten  the  Firtt  Tremor  and  the  MaxitnuM  Motion. 

In  the  British  Association  BeporU  for  1898,  pp.  221-224,  I  dis- 
COBsed  a  table  showing  the  duration  of  preliminary  tremors  or  the  interval 
in  time  between  the  first  tremor  and  the  eommeneement  of  the  large  wave 
phase  of  motion  at  difierent  distances  from  a  number  of  known  origins. 
One  object  of'  the  discussion  was  to  establish  a  working  rule  enabling  an 
observer  to  determine  from  the  inspection  of  a  single  seismM^ram  the 
distance  of  an  origin  from  the  station  at  which  such  a  record  had  been 
obtained.  Inasmuch  as  the  table  was  to  a  great  extent  based  upon 
descriptions  of  records  obtained  from  different  types  of  instruments  which 
had  different  degrees  of  sensibility,  the  results  obtained  could  not  be 
expected  to  be  more  than  approximately  correct.  The  following  table, 
which  gives  the  time  in  minutes  by  which  the  first  tremor  has  outraced 
\h»  maximum  movement  over  paths  of  varying  lengths,  is  based  on 
measurements  made  on  seismograms  obtained  from  similar  instruments. 
Them  intervals  not  only  enable  us  to  correct  the  working  rule  indicated 
above,  but,  as  it  will  be  shown,  they  enable  us  to  check  the  accuracy  of 
tiie  curves  relating  to  the  arcual  velocity  of  preliminary  tremors  and 
large  waves. 

I  This  w«rd  means  the  district  90°  diitaot  ttva  the  eartfaqnake  ori^. 
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InUrealt  between  the  Firtt  Tremor  and  the  3taxi>mim  Motion 


initui  latten  and  time  internals 

Ho. 

Dkts 

Origla 

-^^■^"-"-^ 

S6 

AngoslSO,  1896       . 

Japaa  . 

3.,  a. 

66 

October  31,18%     . 

Tashkent     '. 

S.,  p. 

R..  lii.     Record  not'cleor. 

83 

February  «.  1897     . 

Japan  ,         .         . 

lis 

AngosC  4,  1S9T 

S..  ;2. 

131 

September  IT,  1897 

Tae'hkeot      .       . 

8.,  >A. 

132 

September  17,  1897 

133 

Borneo 

s'.  ?i 

m 

September  20,  1897 

8.,  K.     T.,  ^. 

167 

December  29,  1897  . 

Hayti  .        .        . 

163 

January  29,  1898     . 

Asia  Minor  . 
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April  15,  1898. 
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f.'  £l 

8.,  1  (not  clear).    T.,  f|. 

k!,1.  t;;|;  v..^.  T.,i&. 

K.,f|.  T.,«.  V..A.   S.F.,?J. 

K.,  '4.    T.,  ii'  C.G.H.,  A'l 

B.,^-     8>.,!i.     Me.ll. 
K.,^E.T.,|i?  m..^.  Ba.,£. 

193 

AprU  22,  1898 . 

Japan  . 

249 

January  22,  1899      . 

Greece          .         . 

250 

January  24.  1899     . 

Meiico         .         . 

333 

September  3,  1899  . 

Alaska . 

83T 

" 

338 

343 

Aidin  .       .       . 

s.,  A.  c,G.H„  m  B.,  is. 

B.T&-    To.,K 

34T 

September  29,  1899 . 

Ceram  . 

K,B.  T.,M.    v.,H. 
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Mesioo 

These  observations  have  been  plotted  upon  squared  paper,  and  their 
mean  position  determined.     This  is  shown  in  fig.  1  as  Curve  No.  III. 

On  Curves  I,  II,  and  III,  fig.  1.— Although  in  fig.  1  we  have  three 
curves  which  have  been  obtained  from  partly  independent  data,  it  will 
be  observed  that  any  one  of  them  might  have  bfiea  obtained  from  the 
other  remaining  two.  Although  errors  exist  in  all  our  data,  these  are 
probably  least  in  the  figures  relating  to  the  arcuai  velocity  of  large 
waves  and  the  duration  o£  preliminary  tremors.  By  subtracting  the 
ordinates  for  the  latter  curve,  marked  III,  from  those  of  the  first  curve, 
marked  II,  the  curve  1 6  is  obtained.  This  should  coincide  with  I  a.  It 
hardly  does  so ;  but  if  the  second  incurvature  of  I  a,  lying  between  50  and 
80  degrees,  be  effaced  as  probably  doubtful  the  agreement  between  these 
two  curves  becomes  closer. 

7.  Earthquake  Recurrenee. 
It  Would  be  naturally  expected  that  if  the  large  waves  oi  earthquakes 
were  simply  surface  disturbances,  we  should  find  in  the  aeismograms 
obtained  at  stations  far  distant  from  origins  not  only  records  of  tbe 
waves  which  had  travelled  over  the  shortest  paths,  but  also  a  record  of 
those  which  had  travelled  in  an  exactly  opposite  direction.  The  suppo- 
sition that  these  latter  records  were  without  existence  has  been  used  as 
evidence  in  support  of  the  hypothesis  that  all  the  movements  of  a  large 
earthquake  passed  through  the  earth.  Mr.  R.  D.  Oldham,  in  his  account 
of  the  Indian  earthquake  of  1897,  however,  shows  that  in  the  seismo- 


OIT  S£ISU0L0OICAL  nTVESTtGATION. 


grams   obtaiaed 
Catania  there  oi 


in   Edinbargb,    Shide,    Leghorn,    Rocca  di  Papa,  and 
)  excresceuoes  Bucceeding  the  maxima   movemente  at 


X    W    X    ae 


Fig.  1. 
jpa?    00  m  m  m  !x  m  ao  i60  rw  m 


¥—\ 1 1 iw 


JO    ae   30  »e  m  lie  ae   HO  lie  lee  no  i 

il  rrfodrta.— 1».  Prellininilrr  Tmnori  hv  direct  obiermtioD ;  lb.  PrBliminary  Tremors 
Fdocrd  from  lla  anil  ni:  Iln.  Large  n'aves  If  the  Velocity  i)  couitaDC;  lib.  Large 
faiealt  the  VeUwit;  viriu ;  III.  luKirulibjnhlcbFnUiDlDaryTremonoutiMeLArgs 


times  ve  ahotild  expect  them  to  occur  on  the  supposition  that  they  had 
travelled  round  the  world  from  their  origins  on  the  longest  paths. 

Without  discussing  the  merits  of  the  particular  seismograma  here 
referred  to,  we  must  bear  in  mind  that  it  is  possible  for  body  wayes  to 
give  rise  to  repetitious  by  reflection  just  as  easily  as  two  trains  of  waves 
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Goming  round  the  Burf&ce  of  tiie  world  in  opposite  directioiit.  Further,  tfas 
repetiaoD  at  a  given  atation  as  a  refleotioa  of  a  diBtnrbanoe  at  the  antapodftl 
point  of  its  origin  might  occnr  at  an  interval  of  time  aft«r  the  first  move- 
ment not  very  different  from  that  separating  the  two  surface  trains. 

Snch  ft  possibility  indicates  that  seiainic  repetitions  cannot  be  ex- 
clnsively  nsed  to  support  the  hypothesis  of  surface  radiation.  Examples 
of  earthquake  recurrences  are  given  in  the  following  table.  The  fint 
GolQmn  gives  the  numbers  of  the  earthquakes  in  the  British  As8o<uation 
r^;i8ter8  and  their  origins.  Where  the  position  of  an  origin  is  not 
known  from  observations  made  in  its  vicinity  its  latitude  and  longitude 
are  deteruiined  by  one  of  the  methods  described  in  the  succeeding  sections 
of  this  report  (see  pp.  79-80).  Such  determinations  must  only  be  re- 
garded OS  approximations.  The  second  column  gives  the  arcual  degree- 
distances  of  the  origins  from  the  observing  stations  referred  to  in  the 
third  column  by  their  initisJ  letters.  In  this  third  column  there  is  also 
noted  the  number  of  minutes'  interval  between  the  maximum  motion  and 
its  apparent  repetition.  The  fourth  column  gives  the  calculated  distance 
of  the  observing  station  from  the  origin,  and  the  nearness  to  which  it 
approximates  to  the  corresponding  figures  in  the  second  column  is  evi- 
dently an  indication  of  the  value  of  these  observations  in  determining 
seismic  foci.  The  basis  for  these  calculations  is  that  a  surface-wave 
travels  180  degrees  in  105  miunt«a.  In  the  last  column  the  letters  G,  I, 
and  B  (good,  indifferent,  and  bad)  indicate  that  the  determinations  in  the 
fourth  column  lie  witliin  10°,  20°,  or  more  than  20°  from  those  in  Uie 
second  column,  which  latter  figures,  however,  it  must  be  remembered,  are 
themselves  but  approximations. 
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We  have  hero  twenty-four  determinAtioos,  out  of  which  thirteen  are 
ooiuidered  aa  heing  good,  four  as  indifferent,  and  aeven  as  bad.  The  three 
bad  detertninatious  for  earthquake  No.  337  may  be  explained  by  the 
assumption  that  we  have  here  been  dealing  with  markings  due  to  second- 
ary shocks  which  simulated  seismic  repetitions,  a  view  that  is  strengthened 
when  we  refer  to  the  seismograms  of  this  earthquake.  It  must  also  be 
noted  that  No.  337  was  lees  than  Noa.  333  or  338,  from  which  it  may  bo 
inferred  that  the  original  impulse  was  not  sufficiently  great  to  give  rise  to 
dnplications.  The  feet  that  the  Cape  of  Good  Hope  records  for  309  and 
338  are  bad  may  arise  from  the  circumstanoe  that  this  station  was  within  a 
comparatively  short  distance  of  the  antipodes  of  these  shocks,  and  there- 
tore  any  wave  coming  from  that  point  would  be  eclipsed  in  the  records  of 
the  main  disturbance.  The  remaining  two  bad  determinations  may  be 
explained  in  the  same  manner  that  those  for  No.  337  have  been  explained. 

The  Victorian  record  for  No.  333  is  of  particular  interest  as  indicating 
that  the  time  taken  for  an  eartliqnake  to  travel  round  the  world  or  to 
traverse  two  diameters  slightly  exceeds  210  minutes. 

When  considering  whether  these  repetitions  are  to  be  regarded  as 
surface  waves  or  as  mass  waves  reflected  from  an  antipodes,  a  feature  not 
to  be  overlooked  is  their  smallness.  To  illustrate  this  I  here  give  a  table 
for  the  thirteen  good  observations  showing  the  amplitudes  in  millimetres 
of  the  primary  disturbances  and  those  of  their  repetitions,  together  with 
the  arcual  distance  each  may  be  supposed  to  have  travelled. 
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Amp. 

119 

87  S. 

>16". 

273 
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278 

60S. 

2E 

300- 

■5 

309 

70S. 

3 

290 

■6 

70  K. 

2-5 

290 

■at 

333 

20  r. 

>ie 

340 

■76 

40  T. 

>I7 

820 

■fi 

70  K. 

10 

290 

■6  J 

S38 

40  T. 

>17 

320 

■76 

3*T 

121  S. 

3-6 

239 

1-6 

105  V. 

2 

266 

■5 

354 

120  8. 

3 

2*0 

■! 

558 

120  8. 

1-5 

240 

-a 

364 

106  M. 

3 

2C4 

I 

It  is  satisfactory  to  note  that  the  magnitude  of  these  repetition  ampli-  . 
tades  fairly  accords  with  what  might  be  anticipated  (see  p.  70). 

8.  Amplitwk  m  relation  to  IHstrmcefrom  an  Ott'iin. 

In  the  following  table  amplitudes  are  expressed  in  millimetres  and 
occupy  a  position  corresponding  to  the  numerator  of  a  fraction,  whilst  in 
the  position  of  a  denominator  distances  from  origins  are  expressed  in 
d«^;rees.     Observing  stations  are  indicated  by  their  initial  letter  or  letters. 

Inasmuch  as  there  are  reasons  for  believii'>g  that  the  instruments 
giving  the  subjoined  records  have  not  in  all  cases  been  adjusted  to  have 
the  same  frictional  resistances  and  as  these  records  are  few,  the  result 
to  which  they  point  must  be  received  with  cautiop.    When   they  are 
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plotted  as  cnrrei  it  is  seen  that  each  has  the  same  general  character. 
The  rate  at  which  amplitade  at  first  decreases  is  about  -3  mm.  per 
degree  of  travel.  Earthquakes  like  Nos.  343  and  347  from  whatever 
may  have  been  their  amplitude  in  the  epifoc&l  district,  are  reduced 
to  an  amplitude  of  4  mm.  after  about  50°  of  travel.  Larger  earth- 
quakes, like  Hon.  337,  344,  and  345,  travelled  80°  or  90°  before  their 
amplitude  sank  to  this  quantity ;  whilst  the  largest  of  all,  Noe.  333  and  338, 
shov  an  amplitude  of  more  than  4  mm.  after  travelling  nearly  halfw&y 
round  the  Torld.  From  an  amplitude  of  4  or  6  mm.  the  rate  of  decrease 
becomes  less  and  less.  For  example,  the  amplitude  of  No.  337  between 
77"  and  105°  falls  from  5  mm.  to  3  mm.,  or  at  the  rate  of  -07  mm.  per 
degree  ;  whilst  from  105°  to  165°  the  rate  at  which  amplitade  o 
has  been  -OX  mm.  per  degree  at  travel. 
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These  slow  rates  of  decrease  indicate  that  it  is  reasonable  to  suppose 
that  the  large  waves  of  earthquakes  may  reach  distant  stations  by 
travelling  in  opposite  directions  round  the  world. 

If  the  large  waves  of  earthquakes  are  merely  surface  waves,  it  would  be 
expected  thatoceans  would  exerts  marked  damping  effect  upon  their  ampli- 
tude. Indications  of  this  apparently  exist  in  the  records  for  earthquakes 
Kos.  337,  338,  and  347  (also  see  earthquake  363,  p.  81).  In  the  first  the 
amplitude  for  Toronto  is  greater  than  that  observed  in  Mexico,  the  path 
to  the  former  being  across  North  America,  and  the  latter  being  sub- 
oceanic.  In  No.  336  the  record  for  Mauritius  is  lesa  than  that  for  the 
Cape  of  Good  Hope.  In  No.  333  this  condition  is,  however,  reversed. 
Lastly,  in  No.  347  the  Shide  record,  which  refers  to  a  comparatively  long 
continental  path,  is  greater  than  the  records  for  Victoria,  the  Cape  of 
Good  Hope,  Bombay,  or  Mauritius,  the  shorter  paths  to  which  are  beneath 
oceans.  Although,  for  reasons  already  stated,  sti-ess  cannot  be  laid  upon 
these  observations,  the  latter  at  least  suggests  that  we  are  dealing  with 
surface  waves  rather  than  with  moss  waves. 

0.  Arcual  Vflneity  in  relation  to  Surface  Configvralion  of  tie  Earth. 
With  the  object  of  determining  whether  large  waves  are  propagated 
more  quickly  over  continents  tiian  over  ocean  beds,  whether  the  rate  of 
transmission  along  moun*.«in  axes  is  greater  than  in  directions  transverse 
to  the  same,  and  generally  te  determine  whether  there  ai-e  directions  over 
or  through  our  globe  in  which  motion  is  transmitted  more  rapidly  than  in 
others,  the  following  table  has  been  prepared.    The  apparent  sur&ce 
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velocities  indicated  ia  kilometres  per  second  are  from  the  isoaeist  of  the 
place  indicated  by  ite  initial  letter  to  the  place  beneath  which  it  is  written. 
These  latter  places  in  the  top  line  are  also  indicated  by  their  initial  letters 
The  letter  O  refers  to  a  velocity  measared  between  an  origin  and  the 
place  named  in  the  upper  line 
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Am  it  is  difficolt  to  picture  the  directions  of  great  circle  paths  outside 
equatorial  regions,  these  are  shown  with  the  above  velocities  and  the 
earthquakes  to  which  they  refer  in  the  accompanying  map  (Plato  II.).  A 
line  not  referred  to  in  the  above  table  is  that  for  earthquakes  numbered 
36,  S3, 100,  and  119,  which  originated  in  Japan  and  travelled  to  the  Isle  of 
Wight  with  an  average  velocity  of  29  kms.  per  second. 

An  inspection  of  the  map  (Plate  J.)  shows  that  the  apparent  velocities 
oyer  long  paths  are  greater  than  those  over  short  paths.  Velocities  across 
the  Pacific  are  apparently  lower  than  those  across  the  Atlantic,  and  those 
across  Northern  Asia  to  Shide  are  lower  than  those  across  North 
America  to  Shida  Between  Mexico  and  Victoria  along  the  strike  of 
the  chief  North  American  anticline  the  velocity  of  transmission  is  the 
rame  as  that  between  Mexico  and  Toronto,  Along  paths  terminating 
at  the  Cape  of  Good  Hope  the  rate  of  transmission  has  been  high,  whilst 
on  those  terminating  at  Mauritius,  excepting  that  referring  to  the  long 
path  for  earthquake  250,  the  velocity  of  propagation  appears  to  be  low. 

There  does  not  appear  to  be  any  indication  that  direction  of  propaga- 
tion is  related  to  speed,  and  although  earthquake  381  was  larger  than  250, 
and  333  and  338  were  larger  than  337,  we  do  not  seem  to  have  any 
definite  evidence  that  velocity  of  propagation  is  connected  with  the 
intflDsity  of  the  initial  disturbance. 

Taking  the  results  of  this  investigation  generally,  we  are  hardly  in  a 
position  as  yet  to  draw  definite  conclnsions,  and  must  wait  for  nirther 
observations. 


10.  EartAqnake  Echott. 

In  the  British  Association  Report  for  1899,  p.  227,  I  drew  attention 
to  the  fact  that  in  seismograms  where  a  group  of  large  vibrations  corre- 
sponding to  a  shock  or  shocks  at  an  origin  is  pronounced,  this  is  frequently 
Emcceeded  by  a  set  of  fairly  similar  movements.     These  latter  impulses, 
whioh  may  be  repeated,  but  with  decreasing  intensity,  many  times,  I  pro- 
TLsion  ally  called  earthquake  echoes.     Although  earthquake  repetitions  (see 
i  pp.  66-69)  which  succeed  their  primaries  at  very  irregular  intervals  may 
I  possibly  be  antipodean  reflections  of  mass  waves,  they  must  not  be  con- 
l  founded  with  the  so-called  echoes  which  succeed  the  maxima  movements 
I  at  fairly  regular  intervals. 

The  foUowing  table  gives  time  intervals  in  minntes  between  a  ^mpbw 
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of  shocks  and  their  first  echoes,  together  with  their  respeotlre  amplitndM 
expressed  in  miUimetrea.    These  records  are  from  siiiular  instromenta. 
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The  second  group  of  waves,  giving  the  large  interval  for  the  Cape  of 
Qood  Hope  in  333  and  338,  may  possibly  refer  to  the  motion  which  reached 
that  station  by  the  longest  path  round  the  earth. 

If  so  regarded,  these  entries  do  not  refer  to  echoes,  bat  to  repetitions. 
The  large  entries  for  Victoria  and  Toronto  on  account  of  the  comparativs 
neameas  of  theae  pUc^  to  Hie  origins  of  earthijqakes  333,  337,  ftnd  338, 
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cannot,  hovever,  be  bo  regarded.  Between  these  extremely  large  rcon- 
forcements  it  must  not  be  overlooked  that  there  are  others  of  lesa  uiagm< 
tade  separated  by  intervala  of  from  two  to  four  mlDutea. 

All  that  Te  oan  conclude  from  on  inspeotion  of  the  above  table  is 
tliat  after  all  aenaible  motion  of  a  large  earthquake  haa  ceaaed  horizontal 
pendaloms,  whether  they  are  aitnated  near  to  its  origin  or  at  a  great 
aistance  from  the  same,  indicate  that  the  earth  waves  at  intervals  of  from 
two  to  six  minutes  show  marked  increments  in  amplitude.  The  oarth- 
qoake  does  not  die  out  gradually,  but  by  sui^ngs.  In  its  latter  stages, 
for  intervals  of  one  or  two  minutes,  the  ground  may  be  entirely  at  rest, 
after  which  movement  recommences.  This  alternation  of  rest  and  move- 
ment may  be  repeated  many  times. 

If  it  can  be  admitted  that  large  earthquakes  result  from  the  collapse 
of  ill-supported  portions  of  the  earth's  crust  upon  a  more  or  less  plastic 
layer  beneath,  it  may  be  imagined  that  rest  is  attained  by  a  series  of  more 
or  less  regular  surgings,  which  are  propagated  to  distant  places  to  disturb 
horizontal  pendulums  in  the  way  observed. 

II.  Th9  Naiurt  <^  Largt  H'aiM. 

To  explain  the  existence  of  the  large  waves  of  earthquakes  we  are 
at  present  left  to  choose  between  two  hypotheses.  One  is  that  the 
Iti^  waves  of  earthquakes  are  disturbances  travelling  partly  under  the 
influence  of  gravity  over  the  surface  of  our  earth,  and  toe  latter  that  they 
represent  the  outcrop  of  distortionol  waves  passing  through  its  mass. 

Near  to  the  origin  of  a  large  earthquake  earth  waves  are  visible ;  some 
distanoe  away  their  existence  bos  been  inferred  from  the  wave-like  motion 
seen  on  the  toi^  of  forests,  at  a  distance  of  300  miles,  and  even  at  very 
much  greater  distances  the  feeling  occasioned  by  the  moving  ground  is 
similar  to  that  which  is  felt  upon  a  raft  moved  by  an  ocean  swell. 
Bracket  seismc^praphs,  hanging  pictures  and  lamps,  water  in  vessels,  ponds, 
and  even  in  lakes,  do  not  move  with  their  natural  periods,  but  are  dearly 
influenced  by  a  forced  tilting.  Pinally,  even  as  far  as  the  antipodeeof  an 
origin,  the  character  of  motion  assumed  by  horizontal  and  other  pendulums 
shows  that  this  is  due  to  slow  but  repeated  changes  in  the  inclination  of 
their  supporting  foundations. 

If  we  except  the  movements  observed  within  the  epifocal  area,  all  the 
other  movements  are  as  explicable  by  the  assumption  of  the  outcrop  of 
mass  waves  as  they  are  by  the  assumption  of  surface  radiation. 

The  explanation  that  these  waves  have  an  increased  velocity  in  tJieir 
quadrantal  r^on  (assuming  such  to  be  the  cose)  may  perhaps  rest  on  the 
fact  that  we  are  not  dealing  with  radiation  in  uniformly  widening  rings, 
as  would  be  the  case  over  a  plane  surface.  The  condition  in  this  region 
is  such  that  energy  is  transferred  fromring  to  ring,  the  diametersof  which 
are  but  little  different  from  each  other.  Badiation  from  a  pole  to  its 
antipodes  over  a  spherical  surface  may  be  likened  to  that  of  a  wave  which 
runs  along  a  channel,  which  expands  for  half  its  length  and  then  contracts. 
The  phenomena  which  give  the  greatest  support  to  the  idea  of  surface 
radiation  are,  first,  the  existence  of  earthquake  recurrences  or  waves  which 
have  travelled  from  an  origin  to  a  distant  station  in  opposite  directions 
round  the  world,  the  one  arriving  last  having  its  amplitude  reduced  to 
expected  dimensions  ;  and  second,  the  observations  whi<Ji  show  that  waves 
tnvelliBf  over  a  continental  surface  are  pot  so  rapidly  reduced  in  magni- 
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tade  OS  those  which  have  been  propagated  over  the  beds  of  deep  oceans. 
Were  the  large  w&ves  of  earthquakex  maas  waves,  it  ia  assumed  that  the 
damping  eSect  of  oceanic  waters  would  be  insigDificant. 

When  consideriiig  the  large  waves  to  be  distortional  niBss  waves,  an 
observation  of  importance  is  that  they  travel  from  their  origin  to  their 
antipodes  in  about  llO  minutes  (see  fig.  1).  If  the  path  was  along  a 
diameter,  the  average  velocity  of  propagation  must  therefore  have  beien 
1'9  km.  per  second,  which  is  practically  the  so-called  initial  velocity.  The 
close  correspondence  of  these  two  velocities  suggests  the  idea  that  there 
has  not  been  any  symmetrical  change  in  the  velocity  of  propagation  of 
waves  through  the  earth  with  regard  to  its  centre,  or,  in  other  words,  the 
large  waves  have  had  a,  diametral  velocity  which  is  practically  const&nt. 
This  idea  of  a  constant  velocity  for  all  depths  indicates  that  arcual  and 
diametral  velocities  shonld  be  equal,  which  is  not  the  case.  An  escape 
from  the  dilemma  is  to  suppose  that  the  large  waves  do  not  pass  through 
the  earth,  but  ronnd  its  surface. 

12.   CrilMsTiu  and  Analyiet  by  Dr.  C.  G.  Knott. 

In  reference  to  the  conclusion  implied  in  the  last  paragraph,  Dr.  Knott 
remarks  that  it  does  not  neceasaiily  follow  from  the  premises,  the  initial 
speed  referred  to  being  an  arcual  speed,  or  a  speed  for  short  distances 
from  an  origin  through  the  surface  layers.  When  a  disturbance  travels 
straight  down  it  very  soon  gets  probably  into  more  homogeneous  materials 
beneath  the  crust.  It  may  therefore  be  a  mere  coincidence  that  the 
average  speed  along  a  diameter  may  come  out  almost  exactly  the  same  as 
the  arcual  speed  in  the  crust. 

The  evidence  seems  to  show  that  once  you  get  into  the  nucleus  proper, 
the  Bpeed  of  the  large  waves  decreases  with  depth.  But  this  does  not 
prevent  the  speed  suffering  a  distinct  increase  when  the  disturbance  passes 
from  the  lower  layers  of  the  crust  into  the  higher  layers  of  the  nucleus. 
That  the  arcual  speed  should  be  1*9  for  small  arcs,  and  then  become  on 
the  average  three  when  the  arc  is  half  a  ciroumference,  seems  to  be  an 
immeasurably  more  difficult  thing  to  understand  than  that  the  speed 
downwards  shonld  first  increase  and  then  decrease  as  the  depth  increases. 
A  not  improbable  change  in  the  nature  of  the  material  could  easily 
account  for  the  latter  variation  ;  but  it  is  difficult  t«  see  how  a  surface 
wave  of  the  size  of  the  large  waves  could  gain  in  speed  as  it  ran  round  the 

Writing  more  generally  respecting  the  propagation  of  large  waves, 
Dr.  Knott  saya  : — 

I  have  looked  pretty  carefully  into  your  numbers  and  curves,  and  now 
I  aball  indicate  some  of  my  conclusions.  Aa  you  have  pointed  out,  the 
one  doubtful  point  ia  the  precise  instant  at  which  the  disturbance  began, 
i^so  to  some  extent  the  exact  position  of  the  origin.  I  take  your  deter- 
minations oa  being  as  accurate  as  they  can  he  obtained,  and  proceed  to 
consider  the  speeds  indicated.  The  accompanying  tables  will  show  yoa 
what  I  havo  tried  to  do.  Take  the  Alaskan  group,  the  most  complete  of 
all  yon  have.  It  is  gratifying  to  find  how  similar  the  results  are  for  the 
three  different  earthquakes.  The  greatest  discrepancy  ig  in  the  two 
numbers  for  the  Batavian  records.  It  is  curious  that  these  time  records 
do  not  fit  well  into  the  general  scheme.  Can  there  be  any  mistake  ?  The 
arcnal  speed  indicated  is  distinctly  smaller  than  we  find  in  all  the  otbm 
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cases,  except  the  case  of  MRuritius.  If  there  is  no  mist&ke  in  calculating 
the  times,  then  the  disturbiince  travels  comparatively  slo'wly  along  the 
Alaskan  Batavian  route.  This  roate^  if  it  ties  near  the  mrfaee,  is  almost 
wholly  beneath  the  deeps  of  the  North  Pacific.  But  then,  on  the  other 
band,  the  Alaskan  Mauritius  route  is  also  a  comparatively  ilow  route, 
and  it  Lies  further  to  the  west,  under  Siberia,  India,  and  the  Indian 
Ocean.  Still,  these  two  routes  are  in  the  same  quarter  of  die 
globe,  so  that  a  simitar  value  for  the  speed  is  not  unlikely.  It  may 
be  not  merely  a  question  as  to  whether  sea  or  land  is  overhead,  but  may 
depend  on  the  general  character  of  the  rooky  material.  These  two  routm 
left  out  of  account,  there  is  a  very  striking  oonstonoy  in  the  value  of  the 
arcual  speed  calculated  for  these  various  routes.  In  the  four  routes  to 
Bhide,  San  Fernando,  Bombay,  and  Cape  of  Good  Hope,  the  great  circles 
pass  all  very  near  the  poles.  It  is  beaatiful  to  see  how  well  these  four 
poW  routes  agree.  With  the  somewhat  scanty  material  you  have  to 
hand,  I  doubt  if  you  would  be  at  alt  warranted  in  making  any  deductions 
as  to  variations  of  speed.  The  Alaskan,  resnltfl  snggest  a  constant  value 
for  the  arcual  speed.  The  same  constoncy  is  indicated  in  the  Mexican 
earthquakes,  but  the  value  comes  out  distinotly  tmaller  than  in  the  Alaskan 

Snakes.  Why  is  this  7  Still  thinking  of  great-circle  routes,  we  see  that 
lere  cannot  be  much  difierenoe  between  the  Mexican  Batavian  and  the 
polar  routes  from  Alaska,  unless,  of  course,  the  former  goes  preferably  by 
way  of  the  South  Pole.  But  that  possibility  is  not  considered  in  calcu- 
lating the  speeds.  If  we  took  it  that  way  the  speed  would  come  out 
larger  in  the  ratio  of  210  to  150  or  7B,  giving  19  instead  of  VA,  a 
remarkable  coincideace  truly.  The  Mauritius  number  will  also  be 
increased  in  much  the  same  ratio.  But  what  are  we  to  make  of  the 
others  1  No,  I  think  we  most  get  at  an  explanation  of  the  much  smaller 
speeds  associated  with  the  Mexican  earthquakes  in  some  other  way.  Is 
it  possible  that  the  depth  of  the  seismic  focus  might  have  something  to 
do  with  it }  Have  you  any  facts  to  guide  you  to  an  estimate  of  the 
probable  depth  % 

And  now  pass  on  to  the  Coram  quake.  Here  the  constancy,  so  marked 
a  feature  in  the  other  cases,  no  longer  holds.  There  is  an  undoubted  in- 
crease in  the  arcual  speed  over  the  longer  arcs.  The  most  striking  feature 
is  the  smallness  of  the  Mauritius  route  speed  as  compared  with  that 
associated  with  the  Cape  of  Good  Hope  route  ;  for  there  cannot  be  much 
difference  in  the  routes  for  the  greater  port  of  the  way.  But  did  not 
Mauritius  give  a  too  small  value  in  the  Alaskan  earthquake  also  1  Again, 
I  ask,  is  there  no  possibility  of  an  error  in  the  time  estimate  %  Cemm 
Victoria  and  Mexico  Batavia  give  approximately  the  same  value  for  the 
arcual  speed — a  point  which  t^ls  in  favour  of  the  accuracy  of  the  time 
estimates,  for  the  routes  are  very  different  in  the  two  cases.  Leaving  out 
of  account  all  but  the  broad  features,  we  may  conclude  that  the  speeds 
(arcual)  associated  with  the  Alaskan  are  distinctly  greater  than  those 
associated  with  the  Mexican  and  Ceram  earthqu^es.  But  I  confess  I 
can  give  no  satisfactory  explanation  of  this,  nor  can  I  see  why  Batavia 
and  Mauritius  should  give  smaller  values  than  the  others  in  the  Alaskan 
group,  and  why  Cape  of  Good  Hope  and  Shide  should  give  comparatively 
large  values  in  the  Ceram  group. 

And  now  let  us  see  what  comes  of  taking  the  chord  as  the  approximate 
path  of  shortest  time.  Interpreted  in  this  way  the  results  indicate  that 
the  wares  must  go  diametrically  through  the  earth  at  a  much  slower  average 
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rote  than  along  a  tsovaw  near  the  enr&ce.  Thui,  from  the  Alaskan  group 
we  Bhonld  infer  an  average  diametrial  speed  of  about  SS  km.  per  sec  ; 
from  the  Mexican  group  about  1'8  ;  and  from  the  Ceram  group  aboat 
2'5.  This  suggests  that  the  speed  of  propagation  along  a  aiameter  de- 
pends upon  the  particular  diameter  considered — a  very  onrious  result 
surely,  imless,  of  course,  the  depth  of  the  focus  below  the  surface  be  very 
different  in  the  diSerent  cases. 

As  regards  the  general  question  of  the  diminution  of  speed  at  greater 
depths,  all  we  can  say  is  that  it  is  not  impossible.  True,  the  result  is  un- 
expected, seeing  that  there  can  be  little  doubt  that  the  preliminary  tremors 
travel  t]aicker  at  the  greater  depths.  But  then  it  is  also  certain  that  the 
elastic  constants  involved  in  the  transmission  of  the  two  types  of  waves  must 
be  essentially  different,  and  there  is  no  necessity  for  them  to  obey  similar 
laws  of  variation  with  depth.  In  my  '  Scottish  Geographical  Magazine  ' 
article  I  pointed  out  that  the  bulk  modulus  might  increase  at  a  much 
quicker  rate  than  the  density,  whereas  the  rigidity  might  increase  at  much 
the  same  rate.  To  meet  the  new  need  we  have  merely  to  assume  that  the 
rigidity  does  not  increase  so  quickly  as  the  density.  We  know  that  the 
density  increases  with  the  depth,  and  we  know  nothing  whatever  about 
the  elastic  constants  except  what  we  learn  from  seismic  phenomena.  It 
was,  in  fact,  with  feelings  of  surprise  that  we  firvt  recognised  the  high 
speeds  of  eaitbquake  disturbances  through  the  body  of  the  earth.  That 
another  type  (a  wave  should  travel  more  slowly  at  the  greater  depths 
should  not  therefore  be  matter  of  any  surprise,  although  certainly  re- 
markable. 

The  hypothens  that  the  large  waves  really  pass  aloug  brachistochroaic 
paths  seems  to  require  that  the  speed  diminishes  with  distance  from  the 
centre.  This  means  that  the  paths  are  convex  outwards,  concave  towards 
the  centiv.  Hence  the  paths  to  points  within  90°  of  the  origin  will  tend 
to  follow  more  or  lees  closely  the  arc  of  the  outer  crust.  When  the  arcual 
distance  exceeds  the  quadrant,  then  the  paths  begin  to  pass  through  deeper 
parte  of  the  earth,  and  the  fall  off  in  the  value  of  the  average  speed  be- 
comes more  apparent  This  is  precisely  what  is  indicated  in  the  values 
deduced  from  the  Alaskan  group,  since  it  is  not  till  the  arc  exceeds  105° 
that  the  value  of  the  calculated  average  speed  shows  marked  diminution. 
The  Mexican  group  shows  the  same  feature,  but  not  so  the  Coram  earth- 
quake. Still  it  is  only  one  against  five,  and  we  shall  be  safer  in  following 
the  five. 

Comparing  the  two  hypotheses,  the  surface  wave  and  the  bracbisto- 
chronic  path,  we  see  that  up  to  distances  of  a  quadrant  or  so  they  give 
much  the  same  result,  because  the  brachistochronic  path  u  largely  con- 
fined to  the  surface  layers.  As  regards  greater  distances  the  evidence  in 
hand  is  not  veiy  clear.  Increased  '  arcual  speed '  is  hinted  at,  and  this, 
if  it  exist,  is  a  serious  stumbling-block  in  the  way  of  accepting  the  surface 
wave  theory.  But  at  best  the  increase  is  small,  and,  except  in  the  case  of 
the  Ceram  quake,  really  too  small  to  build  any  conclusions  upon.  I  should 
rather  be  inclined  to  say  that  the  evidence  so  far  is  in  favour  of  a  practi- 
cally constant '  arcual  speed '  over  all  distances.  But  I  still  entertain 
strong  suspicion  of  the  possibility  of  surface  waves  of  the  magnitude  re- 
quired being  transmitted  over  the  earth's  surface.  If  we  take  the  values  of 
the  arcual  speeds  in  the  Ceram  earthquake  as  being  accurote,  we  meet 
what  seems  to  me  to  be  an  insurmounteble  difficulty  in  the  surface  wave 
theory.    On  the  oUier  hand,  we  have  no  iosurmoontable  diffiooltiea  if  we 
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take  tlie  other  theory,  although  there  are  difficulties  oi  detail  that  are 
someirhat  troublesome.  I  do  not  think  we  are  in  a  positioii  as  yet  to 
make  any  serious  calcnlations.  We  must  get  more  data  and  look  all  round 
them  b^oie  engaging  in  complicated  calculations. 


Character  of  path  in  three  ca»a  an  the  attumption  that  the  path  U  K>t  along  the 
chord,  hut  more  approximately  along  the  are. 

Alaiian. 

Victoria Under  sea. 

Toroulo     , Half  sea,  halt  land, 

Uezico Half  nes,  half  land. 

Bhide Mostly  aea,  polai  archipelago,  Qieeolaod  1 

Ban  Femaado   ....  Half  sea  and  land,  larfirely  polar. 

Bombay Mostly  land,  Siberia,  Tibet. 

Batavia Daep  sea,  east  of  Aala. 

MaaritJos Siberia,  India,  Indian  Oceaiti 

Cape  of  Oood  Hope  .        ,        .  Polar  sea,  Eoiope,  Africa. 

Mexico. 

Victoria Dnder  N.  America. 

Toronto „  „ 

Shids Skiriiing  B.  of  N.  America  and  then  nnder 

Atlantio. 

Batavia N.  America,  Pole,  Asia. 

ManricJaa N.   Aineri<»,   Pole,    Russia,    Fenia,    Indian 

Ocean,  or  by  way  ol  S.  Pole. 

BataTia     .....  Hast  India  Arohipeltgo. 

ManritiuB Indian  Ocean. 

Victoria PaoiGoOcsan. 

Cape  of  Oood  Hope  .  .  Indian  Ocean. 

Shide       .....  India,  Fenia,  BuTope. 


Alaskan  Earthquakes  (333,  827,  338). 

Asmming  constant  speed  for  small  distances,  we  find  9  min.  as  the 
time  from  the  origin  to  Victoria.    Hence  the  following  table : — 


Bpeed 

An 

Chord 

Tm.e^oI^a«g. 

Arc  DegrwH 
^Min."" 

Chord 

Ani  Radians 

Uoi. 

Victoria. 

11 

1-8 

■031 

■031 

Toronto. 

40 

■68 

32    22    22 

1-8 

■31 

Merico  .         .        . 

4!l 

■83 

—    29    28 

1-T 

■29 

■30 

»bide     .         .        . 

70 

39    42    il 

X-8 

■29 

■31 

1-75 

■26 

Bombay 

106 

lee 

B6    66.   ST 

1-9 

-28 

■33 

Batavia 

108 

1'62 

—    66    7fi 

*i^t 

23 

— 

Bfanritlna       .        . 

14B 

I'Bl 

90    —    88 

-216 

.    ■28* 

Cape  of  Oood  Hope 

IfiG 

1'98 

88    89    83 

19 

■228 

■33 

Mexico  (260,  381). 
Assaming  21,  23  mins.  aa  tdmes  from  origins  to  Victoria  : 


Ato 

Chord 

TiroeinMin. 

Are  Def^teei 

Uin. 

Choid 

Victoria       . 

.     BO-32 

■B2--6S 

21-22 

11 

■OSS 

Toronto 

.  Bi-se 

■58-68 

28-27 

1'* 

■25 

1-29-1-33 

62-n4 

1-S2 

■2fi 

Batavia 

.       150 

193 

108 

1-39 

■19 

160 

1-97 

113 

1-41 

■176 

Time  calculated  u 


Ceram  (347). 
i  AlaskfUi  earthquake. 


An 

Chert 

Time 

AroDegHWB 
Min. 

Chord 

e 

Min. 

32 

■3B 

1-57 

■027 

Manritins 

73 
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It  will  be  noted  that  there  are  certain  slight  differences  between  the 
figures  used  in  this  last  table  aad  those  in  the  table  on  p.  SI.  These, 
however,  do  not  produce  any  appreciable  effect  upon  the  general  character 
of  the  investtgations  which  have  been  made. 

13.  TAt  Origin  of  Large  Earthguaht  which  were  recorded  in  the 
hie  of  Wight  m  tiie  Year  1889. 

In  1899,  at  Shide,inthe  Isle  of  Wight,  1 30  earthquakes  were  recorded. 
One  hundred  and  five  of  these  were  also  recorded  at  one  or  more  of  the 
foUowing  places :  Kew,  Toronto,  Victoria  (B.C.),  San  Fernando,  Boinbay, 
Madras,  Calcutta,  Mauritius,  Batavia,  Cape  of  Good  Hope,  Tokio,  Cairo, 
and  Mexico.  There  is  no  doubt  that  many  of  these  were  also  recorded 
at  other  observatories,  but  from  these  registers  have  not  yet  been 
received. 

The  localities  at  which  a  certain  number  of  these  earthquakes  originated 
have  been  determined  with  a  fair  amount  of  accuracy.  Other  determina' 
tions  are  somewhat  indefinite,  whilst  a  large  residuum  of  comparatively 
small  disturbances  have  been  grouped  as  having  originated  somewhero  In 
the  vicinity  of  the  one  or  two  stations  at  which  they  were  recorded. 

The  results  exhibited  in  map  (Plate  III.)  are  therefore  of  varying  valuee, 
and  although  they  give  a  general  idea  as  to  the  distribution  of  seismic 
activity  for  1899,  they  are  chiefly  of  interest  as  illustrating  the  character 
of  the  more  definite  information  which  we  may  expect  to  derive  from 
the  ext«nisiou  of  the  present  ^tem  of  observation. 

.  .Google 
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The  methoils  and  consider*tions  which  have  l«d  to  these  determinft- 
tions  have  been  as  follova : 

(1).  Determinati^i  of  Origin*  by  Comparitoni  betmetn  Tltne  Inieroalt. 
Earthquakes  from  the  same  district  will  arrive  at  distant  obwrving 
stations  at  times  the  differences  between  which  will  be  constant.  If,  for 
example,  we  have  once  determined  the  difference  in  time  at  which  an 
earthquake  originating  off  the  coast  of  Japan  arrives  at  Batavia,  Bombay, 
Cape  of  Good  Hope,  Shide,  &c,,  whenever  these  differences  are  repeated 
at  four  or  more  stations,  without  knowing  an^hiog  about  observations 
in  Japan,  we  can  at  once  say  where  sudi  an  earthquake  has  originated. 
It  will  be  noted  that  our  knowledge  respecting  the  speed  with  which  earth- 
quake motion  ia  transmitted  enables  us  to  give  approximate  values  for  the 
time  differences  here  considered. 


IS  been  recorded  at  different  Staiiont. 
In  the  present  state  of  our  knowledge  all  determinations  of  the  position 
of  origins  from  time  intervals  require  the  assumption  that  the  velocity  of 
propagation  of  earthquake  movement  is  constant.  This  condition  is  most 
nearly  fulfilled  by  the  large  waves  of  eart.hqttakefl.  The  methods  by 
which  an  earthquake  or^in  may  be  determined  from  the  differences 
between  the  times  at  which  it  was  recorded  at  distant  stations  are  several. 
The  method  of  circles  which  is  here  employed  has  been  selected  chiefly  on 
account  of  its  comparative  simplicity  in  application.  It  is  briefly  as 
'follows  :  If  the  large  waves  of  an  earthquake  reach  stations  B,  C,  D,  ice., 
four,  ten,  twenty,  ikc,  minutes  after  reaching  station  A,  then  the  centre 
of  a  circle  which  posses  through  A  and  touches  circles  drawn  round  B,  G, 
D,  &c.,  the  radii  of  which  are  respectively  i  x  I'-S,  10  x  l''-6,  20  x  1'''6,  ibc., 
wilt  be  the  centre  of  the  origin  required.  The  constant  1°'6  means 
that  the  arcual  velocity  for  large  waves  is  taken  at  1°'6  per  minute,  or 
approximately  3  km.  per  second.  In  the  British  Association  Beport  for 
1899,  p.  193,  the  speed  there  given  was  2'6  km.  per  second,  which  appears 
to  be  too  low.  The  operation  of  drawing  these  circles  is  carried  out 
on  a  'slate'  globe.  For  a  complete  solution  observations  are  required 
bom  at  least  four  stations.  Wi^  only  three  observations  we  are  left  to 
choose  between  two  possible  centres,  but  as  these  may  be  widely  separated 
there  is  usually  but  little  difficulty  in  selecting  the  one  required. 


From  what  has  beien  said  respecting  preliminary  tremors  and  large 
waves  it  may  he  inferred  that  the  interval  in  time  between  the  appearance 
of  these  two  phases  of  earthquake  motion  at  a  given  station  has  a  relation 
to  the  distance  of  that  station  from  the  origin.  This  relationship  is  shown 
in  fig.  1.  An  observer  witb  this  curve  before  him,  although  his  time- 
keeper may  have  failed,  or  although  he  may  be  so  situated  that  it  is 
impossible  to  obtain  accurate  time,  ia  immediately  able  to  determine  from 
a  well-defined  seismogram  the  distance  at  which  the  motion  it  represents 
originated.  With  this  fact,  the  magnitude  of  his  record,  and  a  knowledge 
of  the  physical  contiguration  of  districts  from  which  earthquakes  originate, 
he  ia  frequently  able  to  locate  an  origin.    With  time  records  from  several 


■tatiotifl  the  diatanceB  correspondiog  to  each  of  them  from  an  origlil  ore 
read  from  the  curve,  and  by  the  intersection  of  these  on  a  globe  seiBmic 
foci  are  determined  with  greater  certainty. 

(4).  Sj/  the  Interval*  repretented  btf  Seiimie  Reeurreneei. 
^Vhenever  a  Beiamogram  shows  the  interval  of  time  between  a 
Inaximum  movement  and  a  distinct  reinforcement  of  vibrations  which  can- 
not be  accounted  for  as  forming  part  of  the  gradually  decreasing  surginga 
following  the  principal  disturbance,  this  interval  enables  ns  to  state  the 
distance  of  tJie  origin  from  the  station  at  which  the  selsmogram  was 
obtained.  Opportunities  to  apply  this  method  are  not  frequent 
(see  p.  66). 

14.  The  Applkatim  of  the  aboee  Methods  to  the  Seeord*  for  18B9. 
To  earn*  into  effect  the  method  of  determining  origins  by  comparisons 
of  time  dinerencei,  Uie  following  eleven  tables  have  been  prepared.  In 
these  the  105  Shide  records  are  referred  to  by  their  British.  Association 
register  number  and  their  date.  For  each  of  these  the  time  intervals 
between  the  arrival  of  maximum  motion  at  the  station  beneath  which  a 
Eero  is  placed  and  its  arrival  at  other  stations  are  given  in  minutes.  Id 
those  instances  where  the  time  at  which  an  earthquake  originated  is 
Approximately  known,  as  in  Table  I.,  the  zero  is  placed  beneath  the 
word  'origin.'  So  far  as  possible  the  various  earthquakes  have  been 
analysed  according  to  the  localities  from  which  tbey  originated.  When 
the  time  intervals  in  a  series  are  leas  tjian  three  in  number,  the  location 
of  an  origin  is  sometimes  doubtful.  A  dash  beneath  a  station  indicates 
that  an  earthquake  was  observed,  but  for  reasons  which  are  various 
the  time  of  its  maximum  could  not  be  determined.  A  query  indicates 
that  an  observation  is  uncertain. 
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In  Very  many  of  these  entrieB  tiiere  must  be  errors,  the  reasons  for 
the  existence  of  which  have  already  been  explained.  The  values  of  these 
vary  between  a  fraction  of  a  minute  and  several  minutes. 

Where  origins  are  known  from  obflervations  made  near  to  the  same 
these  are  stated. 

The  geographical  positions  of  these  origins  are  shown  in  map  (Kate  II.)- 
Some  of  the  entries  on  this,  partioulariy  those  for  the  Atlantic  and 
Indian  Ocean,  are  conjectural,  whilst  oUiers  may  be  taken  as  correct. 
The  reliance  which  can  be  placed  upon  any  particular  determination  is 
shown  in  the  table  of  time  intervals  on  which  the  same  is  founded. 

263.  This  earthquake,  which  is  described  in  the  British  Association 
Report,  1899,  p.  212,  and  was  recorded  in  Tokio  at  Oh.  69m.  29b.  Q.M.T. 
March  7,  is  of  interest  as  showing  that  the  amplitudes  of  motion  recorded 
at  Shide  and  Kew  were  greater  than  those  recorded  at  Toronto,  whilst  at 
Victoria,  the  nearest  station  to  the  origin,  but  reached  by  a  sub-oceanic 
path,  it  was  the  smallest  of  all  (see  p.  70). 

Other  earthquakes,  approximately  corresponding  to  entries  in  the 
Tokio  register,  and  which  may  tlierefore  have  originated  near  to  Japan, 
are  Nob.  271,  286,  314,  and  363.  Nob.  351  and  352  may  have  originated 
to  the  east  of  Japan,  about  40°  N.  )at.  and  ICO"  K  long. 
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347.  Dr.  J.  P.  -van  der  Stok  in  the  '  Kon.  Akad.  van  Wettenschappea 
te  Amsterdam,'  Nov.  26,  1699,  tells  us  that  in  the  night  of  Septem- 
ber 29-30,  at  1.45  a.h.  (September  29,  17h.  9m.  O.M.T.),  an  earthquake, 
followed  by  sea  waves,  damaged  the  south  coast  of  Ceram,  and,  in  less 
degree,  the  islands  of  Ambou,  Banda,  and  the  Ulias  Isles.  Several 
villages  on  the  south  coast  of  Ceram  were  destroyed — in  Elpapoeti  Bay 
all  except  two.  The  prison  at  Amohei  was  completely  destroyed,  and  the 
fortifications  partly  so. 

Dr.  R.  D.  M.  Verbeek  gives  an  account  of  this  earthquake  in  the 
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'  JavBsche  Coarant,'  1900,  No.  21.  He  gives  Amahei  time  for  the  shoclc 
as  Ih.  42-2in.,  and  that  for  Wahei  as  ±  Ih.  43in.  (17h.  7ni.  G.M.TA  At 
the  lormer  place  five  to  ten  minutes  after  the  shock,  the  coast  was  flooded 
by  a  sea  wave.  This  inimdation,  to  a  height  of  1'7  to  9  metres,  was  also 
experienced  at  other  phtces  along  the  south  coast  ol  Geram.  At  Baoda, 
187  km.  south-east  from  Elpapoeti  Bay,  the  water  began  to  rise  about 
half  an  hour  after  the  shock.  At  Eawa,  at  the  west  end  of  Ceram,  and 
at  other  places,  strips  of  alluvium  were  submerged.  Dr.  Verbeek  places 
the  centrum  a  few  miles  inland  to  the  west  of  Elpapoeti  Bay,  on  the  line 
of  a  fault  running  parallel  to  the  south  coast  of  Ceram. 

The  time  intervals  between  the  shock  and  the  sea  wave  observed  at 
Amahei  indicate  an  origin  at  a  distance  of  '5  to  1  degree  from  that  place. 
This  would  probably  be  sub-oceanic,  and  on  the  face  of  the  Webber  Deep, 
where  soundings  have  been  obtained  of  4,000  fathoms.  As  it  is  possible 
that  there  may  have  been  a  bodily  displacement  of  materials  lying  between 
Ceram  and  the  Webber  Deep,  this  does  not  interfere  with  Dr,  Verbeek's 
fault  line.  The  time  at  the  origin  may  therefore  be  taken  as  lying 
between  17b.  7m.  and  17h.  9m.  If  the  maximum  observed  at  Batavia 
took  place  at  i7h.  24m.,  and  the  movement  took  15  minutes  to  reach 
that  place,  we  again  reach  the  conclusion  that  the  time  at  the  origin 
was  about  17h.  9m.  G.M.T. 

Table  III.  Mid-Indian  Ocean. 
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Table  IV.  N^ortk-eagt  Facifie.     West  of  Alaska. 
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Nos.  333,  337;  a,ad  338.  In  the  '  Toronto  World '  of  September  25  we 
read  that  on  September  3,  about  2.30  p.m.,  lionsea  in  Yoknta  Bay  were 
rooked  violently,  doors  were  slammed,  dishes  rattled,  and  tablea  moved. 
On  September  10,  about  eight  o'clock,  a  more  violent  movement  occurred. 
Trees  evayed,  and  there  were  slight  shakes  every  few  minutes.  Juit  as 
the  earthquake  ceased  tidal  waves  came  rolling  in.  There  were  three  ot 
these  waves  following  each  other  at  intervals  of  about  five  minutes.  The 
rise  was  15  feet  from  low  tide  to  a  foot  above  the  highest  tide  point. 
On  the  island  of  Kanak,  opposite  Yakuts,  a  graveyard  sank  so  that  on 
the  next  day  a  boat  was  able  to  row  over  the  place  where  it  had  been, 
and  the  tops  of  the  submerged  trees  could  be  seen. 

These  shocks  disturbed  the  declinometer,  duplex,  and  vertical  force 
magnetogmphs  in  Toronto. 

Scanty  as  these  notes  are,  they  apparently  indicate  an  origin  somewhat 
to  the  ea«t  of  that  shown  in  Plate  III. 

The  period  of  the  earth  waves  for  Hfo.  333  as  recorded  at  Sbide  was 
15  seconds,  whilst  the  maximum  angle  of  tilting  was  8",  With  a  velocity 
of  3  km.  per  second,  and  the  assumption  that  the  motion  is  simple  harmonic, 
so  that  the  height  of  the  waves=  —  tan  a,  where  I=length  of  wave  and 

a:=maximum  angle  of  tilting,  we  may  conclude  that  these  waves  were 
45  km.  in  length  and  29  cm.  in  height.  With  periods  of  at  first  40  and 
afterwards  15  seconds  for  the  disturbance  recorded  in  the  Isle  of  Wight 
on  September  10,  No.  338,  it  would  appear  that  at  first  there  were  waves 
120  km.  long  and  39  cm.  high,  followed  by  others  45  km,  long  and  43  cm. 
high.  Whether  we  can  accept  vertical  displacements  of  this  order  repre- 
senting accelerations  not  uufrequently  ^j;  of  gravity  is  yet  gub  jutHce,  and 
an  experiment  to  confirm  or  modify  these  conclusions  is  now  in  progress. 

Table  V.  Emt  Mii-Pacljk.     Wttt  of  Mexico. 
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350.  The  key  to  the  origin  of  thi^  group  is  given  by  earthquake  Ko.  250. 
From  SeQor  Josd  Zandizas,  director  of  the  observatory  in  Mexico,  we 
learn  that  it  took  place  on  January  24,  1889,  at  approximately  lib. 
45.5m.  P.M.     It  was  severe,  caused  some  damage,  but  it  cannot  bn  siad 
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to  b&ve  been  vety  strong.  It  vas  felt  over  the  Thole  republic.  At 
Colima,  on  the  Pacific  side,  it  had  a  duration  of  Im.  20s.,  and  on  the 
Atlantic  side,  at  Vera  Cruz,  it  lasted  lOa. 

By  the  method  of  circles  and  by  the  method  of  preliminary  tremor 
intervab  I  place  the  origin  at  a  point  30°  distant  from  Victoria,  and  34° 
from  Toronto,  or  near  to  lat.  19°  N.  and  106°  W.  long.  On  Janoary  20, 
1900,  No.  381  was  recorded  in  Mexico  with  time  intervab  similar  to 
thoM  for  No.  250.  The  preliminary  tremor  intervals  for  this  referring  to 
Victoria,  Toronto,  and  Eew  read  13,  16,  and  38  minutes,  indicating  that 
the  Kvw  reading  for  No.  250  b  the  lower  of  the  two  values  given. 

The  time  readings  for  248  clearly  correspond  with  that  for  on  earth- 
qooke  with  a  similar  origin. 

294.  An  origin  S.W.  of  Jamaica  roughly  agrees  with  the  time  differ- 
ences between  Toronto,  Victoria,  and  Bhide,  and  the  preliminary  tremors 
duration  for  Eew  and  Toronto. 

371.  In  'Nature,'  April  19,  1900,  we  read  that  on  December  20,  at 
12.25,  an  earthquake  took  place  in  8.  Oalifornia.  In  the  villages  o£  San 
Jacinto  and  Hermet  every  brick  building  was  damaged. 

Professor  F.  Stupart  sends  me  the  {(lowing  extract  from  a  newspaper 
clipping: 

Loi  Angeles,  CsL,  Dwember  26,  1699. 

The  towns  of  Son  Jacinto  and  Hemet,  in  Riverside  County,  were 
badly  shaken  by  an  earthquake  at  4.25  o'clock  this  morning.  In  San 
Jacinto  not  a  brick  house  or  block  escaped  injury.  Nearly  all  of  the 
business  portion  is  in  ruins.  The  new  Southern  Califomia  Hospital  caved 
in.  It  was  not  occupied.  At  Hemet  the  Hornet's  Company  mill  is 
partly  down.  The  front  wall  fell  flat  The  rear  of  the  lai^  Johnston 
block  abo  toppled  over.  Hornet's  new  hotel  is  a  ruin.  The  damage  at 
those  places  cannot  be  estimated  now.  Communication  by  wire  b  inter- 
rupted. The '  Herald '  has  received  a  telegram  from  San  Bernardino  saying 
that  six  Indians  were  killed  at  Hemet  by  falling  walls  during  the  evth- 
qoake.  Hie  Santa  F^  railroad  report  is  to  the  effect  that  no  lives  were 
lost 

Los  Angeles,  December  25. — The  total  damage  at  San  Joctnto  and 
Hemet  is  estimated  at  £50,000.  No  person  was  iojared  at  eitiher  place  so 
far  as  known.  The  shock  was  heavy  at  Santa  Ana,  Anheim,  San 
Bernardino,  Riverside,  and  other  place*,  but  no  particular  damage  is 
reported  except  from  San  Jacinto  and  Hemet.  In  thb  city  no  damage 
was  done,  though  the  shock  was  particularly  violent.  The  houses  here 
are  well  filled  with  Eastern  tourists,  and  they  were  in  many  instances 
terrified  at  the  unexpected  dbturbonces,  and  rushed  from  their  rooms. 

Sim  Diego,  Col.,  December  25. — The  most  severe  shook  of  eorthqu&k* 
experienced  in  this  city  in  fourteen  years  took  place  at  4.25  A.tr.  to-day, 
and  was  accompanied  by  a  loud  rumbling  noiae.  The  taller  buildings 
in  thb  city  were  severely  shaken,  but  no  serious  damage  was  done.  A 
high  wave  struck  the  beach  ocean  front,  but  no  [damage  was  done.  A 
slight  shock  followed  the  first  a  few  seconds  later. 

268.  The  time  inten-als  for  Shide,  Victoria,  Bombay,  and  Toronto 
Btiggest  an  origin  near  to  that  given  for  322,  with  which  the  preliminary 
tremorfl  for  Victoria  and  Manritins  accord.  In  the  British  Association 
Beport  for  1899  thb  origin  was  placed  on  the  westem  side  of  the 
Atlantic,  but  additional  data  having  since  been  obtained  this  ia  bov 
modified, 
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322.  The  time  latervala  iodicate  a  possible  origin,  about  80°  doe  south 
fmn  Toronto,  or  ofi*  the  south  coast  of  South  America,  near  Conoepoion. 
Aa  this  earthquake  is  not  a  large  one,  the  whole  of  the  preliminary  tremors 
have  nob  been  recorded,  and  therefore  these  indications  may  be  neglected. 

Tbe  similarity  of  the  seiamograms  for  this  earthquake  and  Uiat  for 
331,  together  with  the  fact  that  they  succeeded  each  other  within  two 
iKnis,  suggest  a  similar  origin,  and  Professor  F.  Stupart,  of  Toronto, 
vritea  me  to  the  effect  that  it  is  probable  that  both  originated  off  tbe 
South  American  coast. 
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343.  From  'Nature,'  January  25, 1900,  we  learn  that  more  than  1,600 
penoDS  were  killed,  more  than  2,000  were  injured,  whilst  11,000  houses 
weiedntroyed.  The  epicentre  was  in  the  Meander  Valley,  between  Aidin 
ftnd  Sarakiip.    Along  a  Uqe  ot  axtj  miles  io  this  valley  there  are  paanyj 
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damaged  towns  and  villages.  This  valley  and  the  Legeos  Valley  have 
Bubsided  from  3  to  6  feel.  The  railway  line  between  Aidin  and  Omourlou 
was  raised  fully  one  yard. 

373.  From  '  Nature,'  January  25,  1900,  we  learn  that  the  eoithqaakea 
of  December  31  destroyed  many  hooses  at  Akhallcalaki  (Transcanoaaia), 
Here  and  in  ten  neighbonring  villages  over  200  people  perished.  At  the 
Tiflis  Physical  Observatory  the  following  observations  were  made.  In 
Greenwich  mean  time  the  first  shock  was  at  lOh.  51'4m.  It  was  severe 
in  tbe  hilly  part  of  the  city,  on  the  right  bank  of  the  river  Knra.  The 
second  shook  was  feeble  and  noted  at  I3h.  39'5m.  The  third  shock  was 
not  noted  by  tbe  seismograph  at  tbe  observatory  on  the  left  bank  of  the 
Eura,  but  was  noted  at  17h.  45m.  on  the  right  bank.  AtEalagelan  tbe 
first  was  observed  at  lOh.  49m.,  and  at  Sviri  and  Zugdidi  at  lib.  23m. 
The  latt«r  places  are  on  tbe  Ears  Railway.  At  the  railway  stations, 
Abastuman  and  Eobi,  the  times  were  13h.  61m.  and  llh.  2m. 
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The  origins  indicated  in  the  last  table  are  for  the  most  part  conjectural. 
In  those  instances  where  a  disturbance  has  only  been  recorded  at  Shide 
and  Eew,  and  we  are  without  evidence  showing  that  the  eeismograms 
refer  to  earthquakes  obseryed  in  Great  Britain  and  Europe,  it  seems  pro- 
bable that  they  represent  adjustments  in  the  strata  on  the  eastern  side 
of  the  N'orth  Atlantic.  Time  entries  for  these  stations,  a  few  minutes 
later  than  the  corresponding  entry  for  Toronto,  suggest  that  we  are 
here  dealing  with  a  disturbance  originating  on  the  western  side  of  the 
same  ocean. 

Origins  indicated  by  terms  like  Indian  Ocean  and  Pacific  Ocean  only 
show  how  little  information  can  be  derived  from  certain  seismograms. 

Here  and  there  a  few  impossible  entries  are  recorded.  For  example, 
the  greatest  interval  of  time  which  could  elapse  between  the  arrival  of  an 
earthquake  in  Mauritius  and  Bombay  or  Modraa  is  thirty  minutes,  yet 
for  earthquake  326  it  will  be  observed  that  the  entries  for  the  latt«r  plaices 
are  respectively  forty-one  and  forty-five  minntes.  To  correct  Buch  entries 
it  is  necessary  to  compare  together  the  original  seismograms,  which  has 
not  been  always  posrible. 

15.  Itluttratiotu  of  Sei^mogramf. 
The  following  illustrations  of  seismograms  ore  only  to  be  regarded  as 
tketchea  of  the  original  photograms.  The  accuracy  of  any  given  reproduc- 
tion has  been  largely  dependent  upon  the  clearness  of  the  figure  from 
which  it  was  copied.  They  show  the  range  of  motion  and  the  principal 
characteristics  of  wave-groups,  but  they  do  not  show  details  like  small 
serrations  so  clearly  exhibited  in  many  of  the  original  records  from  which 
they  have  been  reproduced.     The  numbers  correspond  with  the  numbers 

flven  for  particular  earthquakes  in  the  preceding  text  and  those  in  the 
hide  records  contained  in  the  fii^t  circular  of  earthquake  registers  issued 
by  the  Seismological  Investigation  Committee.  The  arrow  with  its  time- 
mark  gives  the  time  for  a  particular  phase  of  movement,  which  is  usually 
that  of  the  commencement.  The  number  following  the  letter  S  gives  the 
time-scale  in  millimetres  per  hour.  Thus  S^60  means  that  60  milli- 
metres equal  one  hour.  ^s '  ^ 
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The  locality  at  which  &  seiamogram  vna  obtained  Ls  indicated  by  the 
following  initial  or  initials  : — 

We  of  Wight  (Shide)    .  S.  Bombay 

Kew       ,       .        .       ,  K.  Calcntia 

Toronto .  .  T.  BataTia 

Victoria,  B.C.  ,  V.  Manritiiu 

Ban  FemaDdo  .  S.F.  Oape  of  Good  Hope 

Madras   ....  Ma.  Tokio     . 

Mexico   ....  Me. 
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III.  Earihputket  and  Tvnekeeperg  at  0b»ervatone9. 

That  earthquakes  we  can  feel  frequently  accelerate,  retard,  or  stop 
clocks  with  pendulama  is  a  fact  well  known,  but  the  extent  to  whidi 
dTptoseUmic  disturbances  which  sweep  over  the  whole  surface  of  our 
globe  many  times  per  year  affect  this  class  of  timekeepers  bos  not  yet 
been  investigated. 

Father  J,  de  Moidrey,  S.J.,  of  the  observatory  at  Zikawei,  gives  me 
the  following  notes  on  this  subject.  On  June  12, 1897, '  an  excellent  dock 
facing  north  lost  4m.  44'fis.  in  the  afternoon,  whilst  another,  almost 
identical,  fixed  to  the  same  brick  pillar,  but  facing  east,  was  undisturbed 
(rate  Ols.).  Secchi's  barograph  shows  a  slight  stroke  at  llh.  26m. 
O.M.T.,  corresponding  to  an  oscillation  of  1  mm.  of  the  quicktdlver. 

'  A  fast  moving  barograph  (mercury)  shows  a  spot  at  llh,  23m.,  indi- 
cating a  swing  of  the  mercury  of  O'SSmm.  This  increased  to  O'BOmm, 
and  died  out  suddenly. 

'The  magnetographs,  declinometer,  bifilar  and  Lloyd's  balance  were 
all  disturbed,  although  it  was  a  dw  of  perfect  magnetic  calm.' 

On  tiiis  i^y,  at  llh.  5m.  G.M.T.,  a  violent  earthquake  took  place  in 
Assam.  The  large  waves  of  Uiis  would  reach  Zikawei  at  llh.  21m.  O.M.T., 
or  7h.  26m.  438.  p.m.  local  time. 

In  a  second  letter  Father  Moidrey  writes  : 

'  On  June  4,  1898,  about  midnight,  our  north  clock  lost  about  four 
seconds.  That  same  night  at  a  watchmaker's  in  Shanghai  several  clocks 
(six,  I  believe),  all  facing  north  or  south,  were  stopped.  Nothing  else  was 
noticed  by  the  watchmaker,  M.  Vrard,  who  in  his  surprise  telephoned  to 
the  observatory  to  ask  what  was  the  matter.  Nobody  in  the  town  felt  an 
earthquake,  nor  was  one  referred  to  in  the  newspapers.  A  missionary 
at  Nankin  had  his  clock  stopped  the  same  sight,  but  did  not  notice  any 
other  phenomena.  Our  magnetograph  and  thermograph  recorded  a  shock 
at  16h.  24m.  17a.,  June  3,  G.M.T.  On  that  day  there  was  an  earthquake 
at  Chemulpo,  Corea.' 

We  are  here  evidently  dealing  with  an  earthquake  recorded  on  June  3 
at  17h.  14m.  at  Shide,  and  also  recorded  at  Kew,  Nicolaiew,  and  Potsdam. 

From  the  '  Bulletin  Mensuel '  of  Zikawei,  third  quarter,  1897,  we  learn 
that  in  the  night  of  September  2  the  two  clocks  were  stopped  and  the 
magnetographs  were  disturbed  at  1.42  (September  1,  17h.  36m.  G.M.T.). 
Noting  was  felt.  This  may  refer  to  an  earthquake  recorded  at  Shide, 
September  1,  18h.  29m.  O.M.T. 

Although  Professor  E.  C.  Pickering  writes  me  that  on  September  3, 
10  and  23,  1898,  which  are  dates  for  heavy  earthquakes  in  Alaska,  and 
on  September  20,  when  there  was  a  severe  earthquake  in  Asia  Minor, 
there  were  no  noticeable  changes  in  the  rates  of  the  clocks  at  Harvard 
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University ;  the  observations  mode  at  Zikawei  indicate  that  at  certain 
obaervatories  at  least  the  unfelt  movements  of  earthquakes  may  from  time 
to  time  have  serious  effects  on  timekeepers. 

With  the  object  of  throwing  light  upon  this  subject  I  shall  esteem 
it  a  &vour  if  directors  of  observatories  will  tet  me  know  whether  any 
changes  were  observed  or  not  dfserved  in  the  rates  of  pendulum  time- 
keepers OD  dates  corresponding  to  those  of  large  earthqoalces  enumerated 
on  p.  106,  addressing  their  communications  to  me  at  Slude,  Isle  of  Wight, 
England. 


IV.  Earthqiioket  and  Rain. 

In  the  British  Association  Reports  for  1899,  p.  309, 1  gave  a  quota- 
tion from  Mr.  O.  H.  Howarth  respecting  a  heavy  condensation  of  aqueous 
vapour  which  he  observed  for  three  hours  after  the  Mexican  earthquake 
of  Jannary  24,  1899.  This  was  in  the  form  of  a  heavy  mist  which  settled 
over  the  head  of  a  caDon  at  an  elevation  of  8,700  feet, 

Mr.  Howarth  states  that  in  this  place  sacb  mists  are  never  seen  at  this 
time  of  the  year,  it  being  the  middle  of  the  dry  season. 

Something  similar  to  this  oocotred  on  June  12,  1897,  after  the  severe 
earthquake  which  originated  on  that  day  in  the  highlands  of  Assam. 
Mr.  H.  Luttman-Johnson,  I.C.S.,  in  the  '  Journal '  of  the  Society  of  Arts, 
April  15,  1898,  desoribea  the  weather  before  the  earthquake  as  having 
cleared  ;  the  afternoon  was  lovely,  and  there  was  not  a  cloud  in  the  sky. 
Five  minutes  after  the  earthquake  the  residents  in  Shillong  were  sur- 
rounded with  cloud  and  mist,  and  they  sat  up  all  night  with  lain  beating 
upon  all  sides. 

Captain  A.  A.  Howell,  I.C.S.,  deputy -governor  of  tLe  Garo  HJlle, 
gives  the  actual  rainfall.  The  records  t^en  at  8  a.h.  showed  that  for 
the  twenty-four  hours  preceding  the  12th  there  was  no  rain.  There  was 
rain  at  noon  on  the  12th,  but  it  cleared  off  at  2  p.m.  The  earthquake 
occurred  at  about  5  p.m.,  and  after  that  until  next  morning  3'26  inches 
feU. 

In  considering  whether  there  is  any  posrability  of  a  oooneotion 
between  the  phenomena  here  considered  we  must  remember  that  observa- 
tions showing  that  rain  and  cloud  have  followed  closely  on  the  heels  of 
certain  earthquakes  appear  to  be  confined  to  tropical  and  semi-tropical 
countries  ;  and  it  is  in  these  countries  where  sudden  showers,  indicating  the 
collapse  of  critical  atmospheric  conditions,  are  frequent.  Given,  therefore, 
such  conditions  at  no  great  distance  above  the  surface  of  the  earth,  which 
was  probably  the  condition  in  the  highlands  of  Assam,  and  then  admit 
that  beneath  the  gaseous  covering  consisting  of  layers  of  air  of  different 
temperatures  and  with  different  degrees  of  saturation  10,000  square  miles 
of  mountainouscountry  was  moved,  or  thata  much  larger  area  was  throwD 
into  violent  wave-like  movement,  we  recognise  that  the  relationship  of 
earthquakes  and  atmospheric  precipitation  may  not  be  so  improbable  as  is 
generally  supposed.  As  the  ground  rose  upwards,  the  air  iauuediately 
above  it  would  suffer  compression,  and  as  the  ground  fell  there  would  be 
rarefaction,  whilst  layers  of  air  differing  in  their  physical  state  might  be 
mixed,  and  a  vigorous  seismic  activity  might  in  tlus  way  result  in  pre- 
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Y.  £arthquakeg  and  Small  Changes  in  Latitude. 

la  vol.  zvii,  of  the  'Seismologies  JonnuJ  of  Japan,'  1893,  p.  17, 
I  drew  attention  to  the  observatioa  that  the  period  of  mavi'ma  itxcrease 
in  latitude  in  Berlin  apparently  coincided  with  maxima  of  earthquakes 
recorded  in  Japan. 

If  we  compare  the  wanderings  of  the  pole  from  its  mean  position  for 
the  years  18S5-1898  '  with  registers  of  earthquakes  which  have  distarbed 
continental  areas  or  the  whole  world,  we  find  a  somewhat  similar  relation- 
ship. This  is  shown  in  the  accompanying  table,  the  pole  displacements 
being  measured  from  Albrecht's  figure. 
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A  conclusion  saggestcd  by  thb  table  is  that,  during  intervals  wheo  the 
pole  displacement  ma  been  comparatively  great,  large  earthquakes  have 
been  fairly  frequent,  and  vice  vend.     In  the  yearly  totals  this  is  marked. 

If  we  turn  to  a  figure  given  by  F.  B.  Helmert,  showing  variations  in 
latitude  aa  determined  from  353  seta  of  photographic  records  made  on 
forty-two  days  in  the  months  of  April,  May,  and  June,  1897  (see  'Bericht 
iiber  eine  neue  Beihe  von  Folhohen-Bestimmungeo,  itc.,  im  Jahre  1897,' 
F.  R.  Helmert,  Potsdam),  we  see  that  successive  daily  means  frequently 
differ  from  0"'l  to  0"'2  amongst  themselves.  Equally  large  differences 
exist  between  the  separate  observations  from  which  these  means  are 
deuced. 

That  is  to  say,  successive  observations  may  show  differences  as  great 
as  the  annual  mozimum  displacement  of  the  pole,  which  is  about  0"'26 
from  a  mean  position. 

If  on  Helmert's  figure  we  plot  the  large  earthquakes  for  these  months, 
it  is  seen  that  in  the  time  of  their  occurrence  they  closely  ooindde  with 
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tlie  times  at  which  large  deviations  in  latitude  occur.  In  April,  when 
these  deviations  were  compar&taTely  snuJl,  iMgp  earthquakes  did  not 
occur. 

When  considering  the  poBsitnlity  of  any  relationship  between  earth- 
quakes and  these  extremely  frequent  and  practically  oscUlaton  chai^^ 
in  latitude,  there  are  two  points  ot  importance  to  be  remembered. 

The  first  is  that  with  each  of  these  earthquakes  there  is  a  sudden 
shifting  of  a  large  mass  of  material  at  a  seismic  origin.  The  molar  dis- 
Jacement  for  the  Indian  earthquake  of  June  12,  1897,  is  estiinated  by 
iCr.  R.  B.  Oldham  by  an  area  of  6,000  or  7,000  square  miles,  and  it  is 
not  improbable  that  earthquakes  which  have  caused  the  Pacific  Ocean  to 
oscillate  for  a.  period  of  twenty-four  hours  were  accmnpanied  by  diBplace- 
ments  of  larger  magnitude. 

The  seoond  consideration  is  that  each  of  the  Iat;ge  earthquakes  here 
considered  has  been  accompanied  by  surface  or  diatortional  waves 
which  in  many  instances  affect  the  whole  surface  of  the  globe.  These 
waves,  BO  tar  as  we  can  infer  from  their  velocity,  period,  and  maximum 
angle  of  inclination,  vary  between  twenty  and  seventy  mites  in  length, 
and  are  from  a  few  inches  to  two  or  three  feet  in  height.  If  they  attain 
the  magnitudes  here  given  (see  p.  63)  they  seem  certainly  sufficient  to 
relieve  a  district  in  orogenic  strain. 

A  farther  test  of  the  suggestion  that  slight  nutational  effects  may 
result  from  earthquakes  would  be  to  compare  observatioDS  indicating 
small  changes  in  latitude  mode  before  and  after  the  times  of  large  earth- 
quakes referred  to  in  the  report,  the  more  important  of  which  are  as 
follows  : 

No.  2B0.     OrigiD  Mexico,  January  34,  1S99, 23  44 
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The  tjmes  g^ven  are  the  approximate  times  at  the  origin.  These  are 
expressed  in  Greenwich  mean  time  (civil).  Oor  24  hi8.=midnight.  The 
times  at  which  the  large  waves  reached  any  distant  station  may  be  calcu- 
lated by  the  application  of  Curve  Ila  or  116  in  the  table  on  p.  67. 

VI.  Selection  of  a  Fault  and  Locality  suitable  for  Obtervationt  an 
Earth-MowmenU.     By  Cleuent  Hkid. 

The  selection  of  a  favourable  site  for  observations  upon  differential 
movement  between  the  two  sides  of  a  fault  presents  many  difficulties,  and 
the  locality  we  have  chosen  is  more  to  be  regarded  as  the  best  available 
than  as  ideally  perfect.  Leaving  out  of  account  for  the  present  considera- 
tions other  than  geological,  there  are  certain  conditions,  most  of  which 
must  be  complied  with  if  the  observations  are  to  be  of  real  value. 

The  fault  selected  must  be  : 

1.  Of  considerable  magnitude,  and  not  be  merely  a  branch  fault  which 
the  next  earth -movement  may  easily  leave  unaffected. 

2.  It  should  be  of  known  date,  and  belong  to  a  recent  geologioal 
period.    This  consideration  is  important,  for  a  Tertiary  movement  is  far 
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mora  likely  to  be  still  in  progress  than  is  one  'whioh  can  only  be  shovn 
to  a^ct  P&lnozoic  or  Secondary  rocks.  Not  only  have  the  older 
movements  in  many  coses  ceased  long  since,  and  have  given  place  to  move- 
ments in  different  directions  ;  but  a  fault  irhich  has  long  remained  without 
movement  tends  to  become  closed  and  re-cemented,  so  that  there  is  a 
comiderable  likelihood  that  any  future  movement  may  not  follow  exactly 
the  same  line,  even  though  the  strain  be  in  the  same  direction. 

3.  The  fault  should  crop  out  on  ground  fairly  level,  and  in  hard  rocks, 
otherwise  the  observations  may  be  masked  by  the  slight  irre^lar  '  creep  ' 
of  the  surface  downhill,  and  no  firm  foundation  for  the  apparatus  be 
obtained. 

4.  It  is  desirable  that  the  rocks  on  the  two  sides  of  the  fault,  though 
geologically  far  apart,  should  be  as  like  as  possible  in  litholt^cal  charac- 
ter, so  that  any  surface  movements  due  to  change  of  temperature  or 
absorption  of  rain-water  should  aSect  the  two  sides  alike. 

5.  In  order  to  avoid  complicatioos  through  slow  solution  of  the  rocks 
by  percolating  rain,  a  fault  bringing  together  insoluble  silicious  rocks 
wot^d  be  preferable  to  any  other. 

6.  As  the  records  to  be  obtained  may  throw  great  light  on  movements 
of  the  earth's  crust,  it  is  desirable  that  the  fault  selected  for  observation 
should  be  one  belonging  to  a  set  of  disturbances  of  great  magnitude, 
having  common  characteristics,  and  affecting  a  considerable  area.  It  i& 
therefore  important  that  the  district  chosen  should  be  one  whioh  has  been, 
carefully  studied  geologically,  and  of  which  the  structure  is  thoroughly 

These  various  conditions,  added  to  the  consideration  of  convenience  of 
access  of  the  locality,  availability  of  a  skilled  observer,  availability  of  the 
land,  and  other  minor  points,  made  a  series  of  requirements  not  easy  to 
sati^,  and  I  will  now  indicate  in  what  respects  the  site  finally  selected 
comes  up  to  or  falls  short  of  the  ideal  set  before  us. 

Consideration  No.  2  confines  us  at  once  to  the  only  area  in  Britain  in 
wblch  large  earth-movements  of  Tertiary  date  can  clearly  be  proved  to 
have  taken  place.  This  area  may  be  taken  to  lie  between  the  North 
Downs  and  the  English  Channel,  and  to  extend  as  far  west  as  Weymouth 
and  Abbotsbury,  But  only  the  parts  of  it  in  which  Tertiary  rooks  are 
still  preserved  will  do  for  our  purpose  ;  the  reason  being  that  older  move- 
ments of  the  same  general  character  affected  the  Jurassic  and  Lower 
Cretaceous  rocks.  These  intra -Cretaceous  disturbances  cannot  always  be 
distinguished  from  the  Tertiary  movements,  in  the  absence  of  the  uncon- 
formable Upper  Cretaceous  and  Tertiary  strata.  Thus  in  the  Wealden 
area  a  good  many  faults  are  believed  toafiect  the  Lower  Cretaceous  rocks  ; 
but  they  are  of  no  great  magnitude,  and  it  is  impossible  at  present  to 
differentiate  those  of  Tertiary  date  from  the  older  series. 

We  are  thus  confined,  by  a  process  of  elimination,  to  the  sharply  folded 
belt  which  occupies  the  southern  part  of  the  Hampshire  Basin  and 
includes  the  nuruiern  half  of  the  Isle  of  Wight.  Even  over  this  area  it 
would  only  be  possible  to  use  Mr.  Horace  Darwin's  apparatus  at  certain 
pointa  ;  for  much  of  the  country  is  sharply  folded  without  faulting,  and 
any  earth -movements  now  in  progress  could  only  be  measured  by  careful 
levelling  and  triangulation.  Thus  we  are  confined  ultimately  to  a  limited 
highly  disturbed  and  faulted  belt,  which  extends  east  and  west  through 
the  centre  of  the  Isle  of  Wight  and  reappears  in  Dorset  between  Stndland 
Bay  and  Abbotsbury.  ,  . 
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Withia  the  area  thus  selected  are  varioua  sharp  monoclinal  folds,  all 
vith  an  east  and  west  axis,  and  with  the  str&ta  so  bent  as  to  become 
nearly  vertical.  In  places  the  lateral  presBiire  and  folding  have  been  so 
violentas  to  pass  into  overthrust  faulting  on  a  conaiderable  scale.  None 
of  the  Tertiary  disturbances  in  this  part  of  England  is  a  normal  drop- 
faolt ;  the  supposed  north  and  south  Tertiary  fault  in  the  Medina  valley, 
though  often  shown  in  old  maps  and  text  books,  having  no  existence. 

The  date  of  most  violent  disturbance  in  the  system  of  folds  above 
alluded  to  is  clearly  Ut«r  than  Middle  Oligoc^ie ;  for  in  the  Isle  of 
Wight  the  Hamst^Mi  Beds,  which  belong  to  that  period,  and  are  the 
newest  Tertiary  strata  there  preserved,  are  tUted  at  a  high  angle.  From 
various  considerations,  which  need  not  here  be  recapitulate^  it  seems 
probable  that  this  set  of  disturbances  comioenced  in  Eocene  times,  became 
most  violent  in  the  Miocene  period,  and  died  away  in  Pliocene  timei.' 
Though  in  our  south-eastern  counties  older  Pliocene  strata  to  some  extent 
have  been  tilted,  the  disturbance  has  not  yet  been  shown  to  afiect  newer 
-deposits,  or  to  be  still  in  progress.  This  last  is  one  of  the  principal  points 
'wbich  oar  apparatus  should  decide. 

Consideration  No.  1  limits  our  choice  to  a  small  group  of  faults,  not 
-more  than  half'a-dozen,  and  as  the  apparatus  employed  needs  a  fairly 
cleon-cnt  fracture,  unless  the  pipes  are  to  be  of  unreasonable  length,  it  is 
-only  at  a  few  points  on  these  faults  that  the  observations  can  be  made. 
We  have  thus  bo  greatly  reduced  the  number  of  possible  points  at  which 
4ihe  apparatus  could  be  fixed,  that  it  will  now  be  simplest  to  describe  the 
faults  one  by  one,  and  point  out  to  what  extent  they  do  or  do  not  fulfil 
the  rest  of  the  requirements. 

Working  from  east  to  west,  the  first  Tertiary  fault  met  with  is  in  the 
main  monocline  of  the  Isle  of  Wight,  which  occasionally  passes  into  a 
thrust-fault  of  no  great  extent.  In  one  place  the  basement  bed  of  the 
London  Clay  is  brought  against  Bracklesham  Beds  ;  but  the  strata  are  too 
soft  and  full  of  water  to  yield  satisfactory  fij(ed  points.  In  the  others, 
plastic  Clays  of  the  Beading  Series  have  slid  over  Chalk,  the  bedding  being 
vertical  and  the  surface  slope  very  high.  At  no  point  in  the  Isle  of 
Wight  could  a  satisfactory  site  be  found. 

Eollowing  this  dbtarbed  belt  westward,  we  again  meet  with  a  sharp 
monoclinal  fold,  passing  into  a  slide-fault,  at  Ballard  Cliff  in  Dorset, 
l^s  is  the  well-known  'Isle  of  Purbeck  Fault,'  which  thrusts  Chalk  with 
flints  with  curved  bedding  over  aimilar  rock  with  the  bedding  vertical. 
The  fault  itself  is  very  conspicuous  in  the  cliff-face,  curving  through  about 
&  tenth  of  a  circle  in  a  height  of  .280  feet.*  This  fault  might  be  a  good 
one  for  observation ;  but  though  it  is  of  considerable  magnitude,  the 
locality  is  by  no  means  convenient  of  access.  The  disturbance  is,  however, 
a  valuable  one  to  study,  for  its  character  is  clearly  shown  in  the  section. 
The  other  faults  with  wbich  we  are  now  dealing  apparently  are  all  of  this 
type. 

The  next  Tertiary  fault  met  with  is  close  to  Corfe  Castle,  where  in  the 
sharpest  part  of  the  monoclinal  curve  the  London  Clay  has  been  thrust 
over  the  Beading  Beds  and  abuts  against  the  Upper  Chalk.  This  slide- 
fault  is  of  small  magnitude,  and  as  in  similar  slides  in  the  Isle  of  Wight, 

>  Beld  and  Strahan.  '  Geolog7  of  the  lale  of  Wig-bt,'  chapter  xiv.  MemairM  of  t\e 
Oeolopeai  Suney,  18S9 ;  Reld, '  Ptiooeas  Deposits  of  Britain,'  chapter  v.  iUd.  1890. 

■  See  Stiahan, '  Gcolo^  at  the  lale  of  Purbeak,'  chapter  xv.  UtM.  OtiA.  Ainwy, 
1S98. 
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the  ground  is  too  steep  and  the  rocke  too  soft  to  yield  satisfactory  fixed 
points.  Along  the  same  line  the  jonction  of  the  Chalk  and  Eoceno  is 
again  slightly  faulted  near  Lulworth  ;  but  the  fault  is  of  small  magnitude, 
and  the  adjoining  rocks  are  too  much  shattered  for  our  purpose.  The 
Durdle  fault  runs  parallel  with  and  close  to  high  clifis,  so  that  delicate 
observations  might  be  entirely  masked  by  movements  caused  by  the 
gradual  removal  of  large  masses  of  rock  by  the  sea  on  the  south  and  the 
consequent  rise  of  the  strata  ou  that  side.  At  Bat's  Head  the  Isle  of 
Forbeck  Fault  is  finally  lost  beneath  the  sea,  and  the  shattering  of  the 
rocks  is  too  great  to  allow  of  exact  observations.  This  fault  does  not 
reappear  in  the  Weymouth  area. 

There  still  remains  one  of  the  most  important  Tertiary  disturbances 
in  the  district,  that  known  as  the  Ridgeway  fault.  This  also  is  an  over- 
thrust  fault  cutting  through  a  monocline,  or  through  the  north  limb  of  a 
sharp  anticlinal  fold.  Its  date  is  clearly  later  than  the  Bi^shot  period  ; 
its  magnitude  is  great,  and  if  any  of  the  Tertiary  faults  are' still  under- 
going changes,  this  one  is  likely  to  partake  in  the  movement.  It  brings 
togefiier  rocks  of  very  different  ages  and  of  varying  character,  so  that  the 
choice  of  exact  locality  for  the  observations  depended  on  the  discovery  of 
a  spot  where  the  fault  is  a  dean  fracture,  where  the  rocks  on  each  side 
are  hard  and  of  fairly  similar  lithological  character,  and  where  the  ground 
is  sufiicieDtly  level  for  the  apparatus.  Along  a  good  deal  of  its  coui^e 
there  is  much  fault  rock  or  broken  ground,  and  in  most  parts  the  strata 
on  one  or  both  sides  are  soft.  These  parts  would  not  be  convenient  or 
satisfactory  for  our  purpose.  For  various  reasons  the  choice  narrowed 
down  to  the  neighbourhood  of  Foxwell,  where  Middle  or  Lower  Chalk 
abuts  against  Lower  Purbeck  ;  or  to  the  district  between  Upway  and 
Fortisham,  a  distance  of  four  miles,  where  Upper  Chalk  is  faulted 
against  strata  close  to  the  base  of  the  Lower  Purbeck,  or  even  against 
Portland  Beds.  Of  these  localities  TJpway  was  chosen  (fig.  2),  for  there 
the  deep  railway-cutting  has  laid  open  the  structure  of  the  disturbance, 
and  within  a  reasonable  distance,  though  not  too  near,  was  a  piece  of 
^rly  level  ground,  one  end  of  which  had  been  opened  for  chalk-pits  and 
the  other  for  quarries  in  the  Purbeck  Beds.  The  railway-cutting  itself 
would  not  have  been  satisfactory,  for  in  it  a  wide  dyke  of  'fault-rock,' 
composed  of  Osford  Clay  and  Combrash,  occurs,  and  south  of  the  fault 
there  are  soft  rocks.  Besides  this,  soft  strata  in  a  deep  cutting  will 
almost  certainly  be  subject  to  slow  ■  creep  '  to  such  an  extent  as  entirely 
to  mask  any  deeper-seated  movement. 

The  site  finally  selected  proved  by  an  unexpected  aeries  of  coincidences 
to  be  particularly  convenient.  It  is  broken  ground,  now  only  used  for 
rough  pasture  and  not  liable  to  be  disturbed  by  the  plough ;  it  belongs 
to  Gonville  and  Caius  College,  Cambridge,  who  have  most  kindly  done  all 
in  their  power  to  help  us  in  the  experiment.  Our  thanks  are  not  only 
due  to  the  Collie,  but  also  to  the  tenant  for  his  assistance  in  carrying 
out  the  work.  And  last,  but  not  least,  it  was  conveniently  accessible  to 
the  member  of  the  Committee  who  was  prepared  to  undertake  the 
recording. 

While  our  excavations  were  being  made  I  examined  them,  and  noted 
as  exactly  as  possible  the  geological  conditions  in  the  immediate  neigh - 
bourhood,  for  the  fault  varies  within  veiy  short  distances,  and  na^ 
changed  completely  in  the  two  hundred  yards  between  the  railway 
cutting  and  our  selected  site.     In  that  short  distance  the  dyke  of  Oxford 
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Clay  haa  disappeared  entirely,  aa  is  the  case  with  the  Middle  Chalk  on 
the  north  side  of  the  fracture,  as  well  as  the  Wealden  and  Upper  and 
Middle  Purbeck  on  the  south  dde.  The  fault  has  also  become  a  fracture 
of  unusual  sharpness  for  one  of  so  great  a  magnitude. 

In  discussing  the  character  and  extent  of  thrust  of  the  fault  at 
Bidgeway,  it  should  not  be  foi^tten  that  it  does  not  pass  through  a 
Genes  of  conformable  strata.  The  Upper  Cretaceous  rocks  here  rest 
unconformably  on  a  folded  and  greatly  eroded  surface  of  Lower  Cretaceous 
and  Jurassic  strata,  so  that  the  local  absence  of  Wealden  and  of  most  of 
the  Purbeck  may  be  due  to  this  u  noon  form  ity.  These  intra- Cretaceous 
folds  have  an  axis  approximately  parallel  with  the  much  later  Tertiary 
disturbances.  The  most  important  of  them  is  the  wide  anticline  between 
Upway  and  Portland.  This  is  followed  northward  by  a  narrow  and 
sharp  syncline,  which  brings  in  the  Wealden  and  Purbeck  between  Upton 
and  Bincombe,  and  passes  unconformably  under  Upper  Cretaceous  rocks 
towards  the  east  and  towards  the  north -north-west.  Kext  follows  an 
anticline,  which  is  almost  entirely  hidden  by  the  newer  rocks.  It  is 
touched  at  Poxwell,  where  the  Jurassic  strata  dip  northward  at  a  higher 
angle  than  the  Upper  Cretaceous.  It  then  seeniB  to  run  beneath  the 
Chalk  parallel  to  the  southern  boundary  just  north  of  the  Tertiary  over- 
thrust.  Its  southern  limb  reappears  at  Bincombe,  but  Boon  disappears 
again  beneath  the  overthmat  mass  of  Chalk.  The  position  and  character 
of  these  earlier  folds,  their  relation  to  the  Upper  Cretaceous  overlap,  and 
the  relation  of  both  to  the  overlap  of  the  Bagshot  Beds  on  to  the  Oolite/ 
are  the  factors  which  produced  a  continuous  plane  of  weakness  extending 
obliquely  downward  from  the  sur&ce  deep  into  the  Jnrossio  strata,  as 
shown  in  the  diagram  (fig.  3). 

The  ontoome  of  this  geological  structure  has  been  that  any  subsequent 
lateral  compression  in  a  north  and  south  direction  causes  the  massive 
Chalk,  over  800  feet  thick,  to  be  driven  against  the  wide  arch  of  rigid 
Purbeck  and  Portland  rocks  extending  towards  Portland.  Any  such 
movement  must  teud  still  more  to  fold  and  buckle  the  already  existing 
small  anticlines  and  synclines  ;  but  the  main  arch  of  hard  Upper  Jurassic 
rocks  would  offer  great  resistance,  as  would  the  horizontal  ihick-bedded 
Chalk.  Thus  the  Chalk  must  approach  the  main  anticline,  overriding  the 
minor  folds,  taking  with  it  such  parts  of  them  aa  happened  to  be  above 
the  plane  of  greatest  weakness,  and  smearing  the  slide-plane  with  Oxford 
Clay  and  Combrash  caught  up  in  the  passage  over  the  northern  limb  of 
the  anticline. 

The  above  explanation  will,  I  believe,  account  for  the  whole  of  the 
curious  phenomena  recorded  along  this  line  of  fault.  Granted  north  and 
south  compression,  any  differential  movement  must  be  along  this  plane  of 
weakness.  The  extent  of  the  differential  movement  must  also  be  greatest 
at  the  surface  where  the  plane  emerges,  and  must  rapidly  decrease  down- 
ward and  northward  until  the  fault  entirely  disappears.  The  extent  of 
the  movement  in  this  case  is  probably  about  half  a  mile. 

From  the  data  in  the  memoirs  and  maps  of  the  Oeologtcal  Survey,  and 
from  my  notes  made  more  recently,  I  have  constructed  the  subjoined 
geologi<^  section  across  the  fault  at  the  point  where  our  apparatus  is 
fixed  (fig.  4)  ;  but  though  the  underground  structure  must  be  not  unlike 
that  indicated,  the  exact  curve  of  the  fault,  and  also  the  exact  character 

'  See  Beid,  ■  Otology  of  Dorchester,'  chapter  ii.,  Sftmoiri  SmU  AfrMV,  1899.T 
1900.  CTOCwjIc 
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of  the  hidden  folds  beneath  the  ChaJk,  mnsfc  remain  uncertain.  The 
Eocene  deposits  are  not  ahown  in  this  eection,  as  they  happen  to  have 
been  denuded  along  the  line  selected.  Thej  occur  only  a  short  distance 
away  out  of  the  tine  of  section.  The  actual  evidence  seen  at  the  gurfaca 
close  to  our  site  will  now  be  described. 

Oa  the  south  aide  of  the  fault  the  strata  dip  northward  at  varying 
angles  for  a  distance  of  about  two  miles  from  the  creat  of  the  main  anti- 
cline, the  lowest  rocks  in  the  district  occurring  in  this  anticline  north  of 
Radipole,  where  the  Forest  Marble  appears  at  the  surface.  To  this 
succeed  in  order  the  Combrash,  Oxford  Clay,  Corallian  Rocks,  and 
Kiiueridge  Clay,  followed  at  Upway  (at  the  south  border  of  the  map, 
fig.  2),  where  the  slope  becomes  steeper,  by  Portland  Sand,  Portland  Stoue, 
and  Lower  Purbeck  Beds.     The  lower  quarries  at  Upway  are  in  Portland 

FiQ.  5. — Section  of  Lower  Parbeck  Rocks,  dippinKtil.  "tZ". 


Bock,  dipping  north  -  the  higher  are  in  Lower  Purbeck,  nearly  horizontal, 
for  at  that  point  the  lowest  part  of  a  synclinal  fold  is  reached  and  the 
strata  begin  to  rise  again. 

Higher  up  the  hill  in  quarry  and  road-cutting  the  sections  are  nearly 
continuous,  the  dip  being  about  S.S.W.  at  angles  varying  from  15°  to  30°. 
Signs  of  lateral  compression  are  also  common,  this  being  particularly 
well  seen  on  the  west  side  of  the  quarry  neareRt  to  the  fault,  where  in  a 
few  yards  the  dip  changes  from  nearly  horizontal,  with  small  sharp  folds, 
to  an  angle  of  15°.  At  the  extreme  north  edge  of  this  quarry  the 
Committee  undertook  special  excavations  in  order  to  clear  up  the  geology 
at  a  point  close  to  the  fault.  We  followed  a  particular  rook  bed  to  a 
depth  of  9  feet  from  the  surface,  obtaining  the  subjoined  section,  seeo 
from  the  east  (fig.  5).    The  strata  laid  bare  belong  to  the  ■  dirt-bed '  of  the 
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Lower  Fnrbeck,  and  occur  vithiti  a  taw  feet  ot  the  Forttaad  Book.  The 
strike  is  almost  parallel  to  the  fault,  though  more  nearly  mat  and  west. 
Thos  it  becomes  almost  certain  that  Portland  Beda  crop  out  at  the 
surface  immediately  east  of  the  Eoman  road  and  are  probably  within  less 
than  10  feet  of  the  surface  at  the  point  where  the  recording  apparatus 
croBses  tlie  fault. 

Taking  now  the  trench  in  which  the  apparatus  is  placed,  we  will 
describe  the  strata  there  seen  on  each  side  of  the  fault.  The  trench  is 
9  metres  long,  and  at  the  four  observing  stations  (see  Mr.  Horace  Darwin's 
Report,  p.  119)  sections  were  exposed  to  a  depth  varying  from  5^  to  7  feet. 
At  Station  SS  (the  southemmoet)  the  depth  was  6^  feet,  of  which  the  top 
3  feet  was  in  disturbed  ground,  the  lower  2^  showing  hard  brownish  fine- 
grained oolite  with  fossils,  the  rock  being  somewhat  shattered,  with  small 
open  fissures,  which  wera  afterwards  filled  in  with  concret«.  This  rock 
andoubtedly  belongs  to  the  Lower  Farbeck  ;  it  seems  to  dip  at  a  high  angle 
in  a  southerly  direction,  the  strike,  however,  not  being  parallel  with  Uie 
fault.  The  shallower  trench  between  Stations  SS  and  S  showed  similar 
Btnta,  though  no  fossils  or  oolitic  grains  were  observed.  At  Station  Sthe 
hole  was  also  5^  feet  deep  ;  the  rock  being  a  hard  splintery  brown  limestone, 
more  or  less  nodular  and  containing  small  chert  nodules.  I  believe  that  this 
rock  corresponds  with  some  cherty  limestones  which  are  seen  in  the  large 
Upway  Quarry,  just  below  the  'dirt-bed'  and  within  5  or  10  feet  of  the 
be^  of  the  Furbecks.  Near  the  fault,  however,  they  are  harder  and 
more  crystalline  than  in  the  qnarrr.  I  was  not  able  to  find  the  earthy 
and  carbonaceous  '  dirt-bed  '  at  this  point,  though  it  is  so  well  seen  only 
60  or  60  feet  away  (see  fig.  5).  The  squeezing-out  or  thickening  of  a  son; 
stratum  is,  however,  a  phenomenon  constantly  to  be  met  with  near  a  big 
disturbance,  and  the  absence  of  the  carbonaceous  seam  is  probably  due  to 
this  cause.  The  south  cheek  of  the  fault  consists  of  brecciated  white 
limestone  with  chert.  These  exposures  seem  to  indicate  that  the  Portland 
Stone  must  occur  within  6  feet  or  so  of  the  surface  close  to  the  fault,  and 
on  the  strength  of  the  new  evidence  I  have  added  an  inlier  of  Portland 
rock  to  the  map  made  by  Mr.  Strahan,  who  agrees  with  me  that  such  an 
addition  i<  necessary. 

The  fault  itself  is  represented  by  a  band  of  fault-rock  not  more  dian 
2  feet  in  thickness  and  quite  unlike  the  wide  dyke  of  mingled  Oolite  and 
Oxford  Clay  seen  in  the  railway-cutting.  In  our  trench  t£e  fault-rock  is 
a  hard  mass  of  breccia  consisting  of  Upper  Chalk  and  fragments  of 
Purbeck  limestone. 

The  north  cheek  of  the  fault  consists  of  very  hard  shattered  and 
re- crystallised  flinty  chalk  like  that  associated  with  the  similar  disturb- 
ances at  Corfe  Castle  and  at  Ballard  Cliff,  though  at  Ridgeway  I  did  not 
observe  actual  calcite  veins.  Two  feet  north  of  the  fault  I  dug  out  a 
specimen  of  Ananchytee  ovatut;  but  this  echinoderm  and  a  few  fragments 
of  Inoceramut  were  the  only  fossils  I  cooldfind  in  the  Chalk  in  our  trench. 
The  flinty  character  of  the  Chalk  and  the  presence  of  the  Ananchylea 
show,  however,  that  we  have  passed  suddenly  from  Lower  Purbeck  to  Upper 
Chalk,  and  the  character  of  the  Chalk  and  of  the  included  flints  indicates,  I 
think,  that  we  are  at  an  horizon  above  tha  Mic raster-zones  and  probably  at 
least  300  feet  above  the  base  of  the  Chalk. 

Between  the  fault  and  Station  N  the  Chalk  gradually  becomes  softer 
and  less  crystalline  and  contains  small  broken  flints,  black  with  moderate 
rinds.    The  hole  at  Station  NN  showed  6  feet  of  moderately  hard  Chsik, 
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with  numeroua  brownish-grey  flints ;  the  Chalk  being  Bssured  but  not 
altered.  At  Station  NK  the  hole  waa  7  feet  deep  and  exhibited  Chalk 
with  numeroDB  fiints,  the  rock  being  much  slickenaided  and  fissured.  It 
contained  a  few  fragments  of  Inoceramua.  I  was  not  able  anywhere  to 
get  a  satiafactory  dip  in  the  Chalk  in  the  trench  or  holes  ;  tliough  the 
general  impression  suggested  was  of  an  ascending  succession  northward, 
and  of  a  high  dip  in  that  direction. 

The  general  results  of  the  geological  examination  may  thus  be  aum- 
marised.  The  fanlt,  at  the  point  where  the  apparatus  crosses  it,  probably 
cuts  out  strata  having  a  thickness  of  nearly  1,000  feet,  made  up  thus  : — 

Cbalk  (part  of  Upper,  whole  of  Middle  and  Lower)       .        .         .300 

Qreenaand  and  Gault 150 

Wealden 350 

Upper  Parbeck 60 

Middle  pDTbeck M 

Lower  Puibeck  (to  within  G  feat  of  base) B6 

Total  feet  986 

The  break,  however,  is  not  caused  by  a  normal  fault  of  9S6  feet  throw. 
It  is  the  result  of  a  sliding  movement  over  a  cylindrical  surface  curving 
downward  and  northward  from  nearly  verttiil  to  nearly  horizontal. 
This  view,  as  pointed  out  by  Mr.  Strabaa,  explains  the  presence  of  a 
dyke  of  Oxford  Clay  and  Combrash  in  the  railway-cutting  ;  a  fact  which 
cannot  be  satiafactorily  accounted  for  by  normal  faulting,  even  to  the 
extent  of  2,500  or  3,000  feet.  The  movement  along  the  curve  of  the 
thrust-plane  amounts  to  not  less  than  2,500  feet,  even  if  the  strata  are 
everywhere  vertical  to  the  fault.  It  ia  just  possible,  however,  that  earlier 
faulting  along  nearly  the  same  line  in  intra- Cretaceous  times  brought  up 
Combrash,  so  that  it  occurs  immediately  beneath  the  Upper  Cretaceoiu 
rocks  Ju^t  north  of  the  Tertiary  fault.  On  this  supposition,  and  with 
the  most  favourable  angle  of  dip  throughout,  the  Tertiary  thrust  may  not 
exceed  500  feet.  The  most  probable  estimate  of  the  extent  of  the 
Tertiary  displacement  is,  however,  about  half  a  mile  ;  a  lower  estimate 
demands  an  improbable  series  of  fortuitous  coincidences,  sucb  as  we  are 
not  justified  in  postulating. 

There  is  one  point  that  I  should  like  to  suggest  for  future  considera- 
tion. The  disturbances  just  described  result  from  lateral  compression  of 
the  strata  in  a  north  and  south  direction,  and  it  is  clear  that  levelling 
across  the  fractures  will  only  give  us  one  element  in  that  motion,  llie 
horizontal  movement  must  be  of  much  greater  magnitude  than  the  vertical, 
and  could  be  accurately  tested  by  triangulation.  Asthe  (olds  have  always 
an  east  and  west  axis,  and  there  is  no  sign  of  disturbance  in  other 
directions,  triangulation  across  the  folds  from  fixed  points  lying  east  and 
west  ought  to  enable  us  to  test  whether  any  change  is  now  going  on  over 
wider  areas.  Even  a  comparison  of  the  earlier  Ordnance  triangulation 
of  the  South  of  England  with  the  later  one  might  throw  light  on  this 
question,  if  the  stations  can  be  identified  with  sufficient  accuracy.  No 
minute  re- measurement  of  a  base-line  would  be  necessary  for  this  test. 
If  the  movement  is  going  on  at  all  it  must  be  far  greater  in  a  north  and 
south  than  in  an  east  and  west  direction^i.e.,  it  will  alter  the  latitude 
but  not  the  longitude.  It  must  therefore  distort  every  triangle  which  can 
be  re-observed  from  two  such  points  as  St,  Catherine's  Down  and  the  t<^ 
of  Foitland.  ,  ~  . 

.C.oogic 


ON  aElSMOLOGICAL  INVESTIGATION. 


VII.  An  attempt  to  detect  and  meamre  any  relative  movement  o/  the  strata 
that  may  be  now  taking  place  at  the  Ridgewajf  Fault  near  Upmay, 
DoTKtehire. — Preliminary  Report  by  Horace  Dahwin,  Anguat  1900. 

The  Fault  for  thu  experiment  was  selected  by  Mr.  Clement  Reid,  and 
is  described  bv  Imn  in  a  separate  report.  It  would  have  been  better  if 
the  Fock  had  been  harder  and  more  impervious  to  vater ;  the  solabilit^ 
of  the  carbonate  of  lime  in  the  rock  is  also  a  disadvantage.  The  site  is 
eas;  of  access,  an  essential  point  in  such  an  experiment ;  this,  tt^ther 
with  the  advantages  pointed  out  bj  Mr.  C.  Keid,  justify  the  selection  of 
the  Fault. 

The  Fault  where  the  apparatus  is  fixed  is  a  few  yards  east  of  the 
Boman  road  and  about  560  yards  north  of  the  cross  roads  in  the  village 
of  Upway,  Dorsetshire,  and  is  about  360  feet  above  Ordnance  datum. 
Qonville  and  Caius  College,  Cambridge,  allowed  the  apparatus  to  be  fixed 
on  their  property  and  did  all  in  their  power  to  make  the  experiment 
snccessful,  and  the  Committee  are  most  grateful  to  them.  I  must  thank 
Mr.  Kelson  Biohardson  for  the  many  hours'  help  he  gave  me  at  Upway, 
and  in  arranging  for  the  experiment,  and  for  the  readings  he  took  after- 
wards. Thanks  are  also  due  to  Mr.  Loveless,  the  tenant  of  the  land, 
for  the  care  he  has  taken  in  carrying  out  the  work  and  the  help  he  gave 
in  every  way. 

Four  positions  were  taken  in  a  straight  line  approximately  at  right 
angles  to  the  fault ;  these  positions  will  bedenoted  by  the  letters  K.N.,N., 
8.,  S.S.  ;  N.N.  is  9  metres  and  N.  4^  metres  north  of  the  Fault,  and  S.S. 
is  9  metres  and  S.  4^  metres  sout^  of  it.  The  apparatus  is  arranged  to 
measure  the  relative  vertical  movement  of  the  strata  at  these  four 
stations.  There  are  advantages  in  selecting  four  instead  of  two  stations. 
If  there  had  been  only  two  stations,  and  the  apparatus  got  damaged  at 
one  of  them,  the  experiment  must  have  been  a  failure  ;  also,  if  there  had 
been  any  accidental  displacement  of  the  apparatus  relatively  to  the  strata 
at  either  of  the  two  stations  it  might  have  led  to  misleading  results. 
With  four  stations  such  damage  or  movement  will  probably  be  detected, 
and  the  results,  though  less  valuable,  will  not  be  rendered  quite  useless, 
aa  would  be  the  case  with  only  two  stations. 

The  movement  of  the  strntA  at  the  Fault  may  take  place  in  any  or  all 
of  the  following  ways  : — 

(1)  The  strata  on  both  sides  of  the  Fault  may  tilt  as  a  whole  without 
any  slip  taking  place  at  the  Fault. 

(2)  The  strata  at  the  north  aide  may  tilt  and  the  south  side  not  tilt, 
and  still  no  slip  at  the  Fault. 

(3)  The  strata  at  the  south  side  may  tilt  and  the  north  side  not  tilt, 
and  still  no  slip  at  the  Fault. 

(4)  There  may  be  slipping  at  the  Fault  with  no  tilting. 

These  four  movements  may  be  all  taking  place  at  the  same  time,  and 
tiie  use  of  four  stations  will  allow  of  each  movement  being  separated  from 
the  others. 

The  apparatus  has  been  designed  by  me  and  mado  by  the  Cambridge 
Scientific  Instrument  Company,  Limited.  I  have  not  been  able  to  give 
sufficient  time  this  summer  to  overcome  some  difficulties  which  I  regret 
that  X  did  not  foresee,  and  it  is  for  this  reason  that  no  numerical  resntte 
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tu«  given  in  this  report.  The  instrument,  however,  promises  well,  and  t 
hope  nekt  year  to  give  a  descriptioB  of  it  and  numerical  results  ;  nov  I 
only  propcee  to  explain  its  general  principle. 

A  brass  casting  is  permanently  fixed  to  the  rock  ftt  each  of  the  fonr 
statioos,  and  it  is  the' relative  vertical  movement  of  these  castings  which 
is  meaanred.  A  stand  canying  a  microscope  can  be  placed  od  any  of 
these  castings  ;  it  has  three  feet,  each  in  the  form  of  an  inverted  Y,  and 
these  rest  on  three  cylindrical  pieces  forming  part  of  the  brass  casting. 
This  is  the  usual  geometrical  arrangement,  giving  six  points  of  contact, 
and  determining  absolately  the  relative  position  of  the  microscope  stand 
and  the  casUng.  The  microscope  is  about  4  feet  long,  and  thus  the  eye 
is  in  a  convenient  position  for  taking  an  observation.  The  microscope  is 
moved  vertically  in  the  stand  by  a  micrometer  screw,  and  carries  at  its 
lower  end  a  needle  pointing  vertically  downward,  ^e  micrometer 
screw  is  turned,  the  microscope  is  lowered  till  the  needle  point  touches 
the  surface  of  some  oil  contained  in  a  vessel  fixed  to  the  rock,  and 
the  position  of  the  micrometer  screvr  noted.  The  microscope  and  stand 
are  tben  removed  and  placed  on  the  other  castings,  and  the  observation 
repeated  ;  in  this  way  the  relative  position  of  the  casting  at  each  station 
to  the  oil  surface  is  measured.  The  four  oil  vessels  are  connected  by  a 
pipe  ;  the  surface  of  the  oil  is  therefore  at  the  same  level.  The  needle 
point  is  illuminated  by  a  mirror  fixed  in  the  oil  vessel,  and  the  light, 
leaving  it  in  a  nearly  horizontal  direction,  b  reflected  by  a  vertical 
mirror  nearly  directly  backwards,  and  is  then  again  reflected  vertically 
upwards  through  the  object-glass  and  eyepiece  of  the  microscope.  On 
looking  vertically  downwards  through  the  microscope,  the  needle  point 
and  its  reflection  in  the  surface  of  the  oil  are  seen  as  if  the  eye  were 
placed  just  above  the  surface  of  the  oil ;  and  when  the  micrometer  screw 
is  turned  the  needle  point  and  its  image  are  seen  to  approach  each  other. 
The  moment  of  contact  is  perfectly  evident ;  the  n^Ie  and  its  image 
appear  to  run  into  each  other  in  a  confused  manner,  owing  to  the  dis- 
tortion  of  the  oil  surface  when  the  needle  point  touches  it.  The  delicacy 
is  considerable  ;  the  divisions  in  the  divided  head  of  the  micrometer  screw 
correspond  to  a  movement  of  -[^^  mm.,  and  it  is  easy  to  estimate  a  tenth 
of  these  divisions,  but  I  do  not  think  that  the  readings  can  be  trusted  to 
this  amount,  and  it  is  proposed  only  to  read  to  j^ir  '°™'>  which  is  well 
within  the  power  of  the  instrument. 

The  micrometer  readings  give  the  height  of  each  station  above  the  oil 
surface,  and  from  these  readings  is  deduced  the  movement  at  each 
station  relatively  to  a  datum  plane.  _This  datum  plane  is  taken  at  the 
mean  level  of  the  four  stations.  The  necessary  calculations  also  prevent 
any  error  arising  from  change  of  the  oU  level  due  to  expansion  or 
evaporation,  damage  to  the  needle  point,  or  expansion  of  the  microscope. 

It  is  hoped  that  a  very  small  shp  at  the  Fault  will  be  detected  and 
measured,  but  even  if  the  movement  should  ever  become  as  much  aa 
10  mm.  to  20  mm.,  it  can  still  be  measured  with  great  accuracy.  It  is 
unlikely  that  such  a  movement  will  damage  the  lead  pipe  where  it  crosses 
the  Fault ;  damage  to  the  pipe,  however,  can  be  easily  remedied  without 
impairing  the  accuracy  of  the  readings.  Some  readings  have  been  taken, 
but  it  is  feared  that  they  are  not  perfectly  trustworthy  ;  they  may, 
however,  be  useful  in  confirming  later  results. 
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§  1.      ISTHODDCTIOK. 

Thh  term  point-group  U  a  direct  translation  of  the  Qerman  word  Punkt- 
gruppe,  first  used  by  Brill  and  Noether  in  the  year  1873  in  their  classic 
memoir  on  algebraic  functions,'  but  to  mj  knowledge,  although  more  than 
a  quarter  o£  a  century  has  elapsed  since  then,  there  has  been  no  very 
Byxtematio  attempt  to  present  the  theory  of  point-gronps  to  English 
readers  along  any  of  its  lines  of  development.  And  yet  it  should  prove 
of  interest  even  to  those  mathematicians  who  do  not  desire  to  specialise 
in  it,  for,  historically  and  logically,  it  touches  upon  many  distinct  branches 
of  pure  mathematics.  To  mention  only  those  which  are  most  directly 
brought  into  connection  with  each  other,  we  have  the  intersections  of 
pl&ne  curves,  the  elimination  of  variables  from  systems  of  equations,  the 
algebraic  theory  of  correspondences  on  a  plane  curve,  properties  of  linear 
systems  of  plane  curves,  and  applications  of  the  theory  of  functions  to 
the  theory  of  curves  and  surfaces  in  space  of  any  number  of  dimeii- 
sioDB. 

As  frequently  happens  when  the  progress  of  a  subject  has  been  due 
to  many  difi'ereut  writers,  the  logical  and  the  chronological  divisions  do 
not  ooincide.  £  hare  therefore  in  view  »  dual  arrangement  of  the 
subject-matter.  In  the  present  instalment  of  my  Report,  I  have 
attempted  to  sketch  this  proposed  arrangement  nnder  its  two  aspects, 
viz-  :  as  an  historical  outline  (§  2),  and  as  an  analysis  according  to 
content  {§  3).  This  b  followed  (§  4)  by  a  detailed  account  of  one  of  the 
historical  divisions.  I  hope  in  the  subsequent  portions  of  the  Report  to 
deal  in  a  somewhat  similar  way  with  the  remaiiiug  divisions,  and  to 
append  a  complete  bibliography. 

§  2.    HiItobical  Outline. 

A.  1720-1818.  Memoirs  on  the  intersections  of  plane  carves  from 
Haclaurin  to  Lam^. 

[Lam^tea»t!ie  first  to  ea^«gg  the  linearity  of  the  ei/»tem  of  eurvee  through 
th«  interteetiona  of  two  given  cuttm,'] 

B.  1818~18fi7.  Memoirs  and  other  published  accounts  of  theorems  on 
the  intersections  of  curves  from  LamcS  to  Riemann,  including  those  of 
Plucket  and  Cayley. 

[PlUcker  was  the  Jtrst  to  introduce  explicitly  pr(^eotim   methods  by 

>  •  Ueber  die  algsbiaischen  Fnnctlanen  nnd  Que  AnwendoDg  In  der  Qeometrie,' 
Mali.  Jttti.,  vol.  Til,  pp.  269-310. 

*  or.  C.  A.  acott,  SmU.  Am.  Math.  Soc,  vol.  iv.,  p.  262,  1898. 
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means  of  homogeneowi  co-ordinatea ,- '  and  also  to  Jv£  one  curve  in  tht 
diacuasion,  treating  the  other  curves  as  variable.^  Cayley'a  theorems  are 
iniereatintf  on  account  of  the  subsequent  discussion  as  to  their  true 
Jbrmulation,^ 

C.  1867-1873.  (L)  Memoire  on  bi-iational  transformation. 

(ii.)  Brill's  memoirs  on  elimination  and  algebraic  correspondences, 
(1863-1873).     [A  detailed  ae4!ount  of  these  is  ffivea  in  p  4,  infra.] 

(iii.)  Memoirs  and  other  publications  connecting  the  theory  of 
fnnctions  with  the  theory  of  plane  algebraic  curves,  including  those  of 
Clebsch  and  (Jordan,  Brill  and  Noether. 

[Clebsch  and  Gordon's  treatise  attempted  to  found  Niemann's  results  in 
the  theory  of  Abelian  functions  on  an  algebraic  basis:  the  standpoint  is 
tnaiTily  that  of  projective  geometry.  To  Srill  and  Noe^er  is  due  the 
initiation  of  the  main  line  of  enquiry  in  the  theory  of  linear  aeries  of  point- 
groups  on,  a  base-curve,  from,  the  slaruipoint  ofbi-rational  transformation.'] 

(iv.)  Memoirs  on  the  intereectioos  of  curves. 

D.  1873-1890.  (i.)  Noether's  memoirs  published  in  the  Mathematiseha 
AnntUen,  and  in  Crdle,  on  the  theory  of  functions,  and  on  sjialytical 
geometry. 

(ii.)  Memoirs  on  linear  systems  of  plane  curves,  treated  analytically 
from  the  standpoint  of  bi-rationa!  transformation. 

1T}ie»e  are  dtiejly  by  Italian  mriters,    beginning  with   Caporali  in 
.] 
(iii.)  Castelnnovo's  memoirs  on  linear  series  of  point-groups  on  plane 
curves  treated  geometrically  from  the  standpoint  of  bi-rational  transforma- 

i\v.)  Segre's  memoirs  on  curves  and  surfaces  in  hypertpace. 

(v.)  Intersection  theorems  as  treated  by  Bachanich  and  Zeuthen. 

\Tkese  connect  Cayley's  theorems  with  BriU  and  Ifoether's  theorem  of 
restduation.] 

(vi.)  Brill's  memoirs  on  algebraic  correspondences  in  the  Mathenui' 
tiache  Annalen  contrasted  wi£  Castelnnovo's  memoir  on  the  number 
of  rational  involutions  to  bo  found  on  a  curve  of  given  genus  (deficiency). 

E.  1890-1900.  (i.)  Castelnuovo's  memoir  on  linear  systems  of  plane 
carves  as  determined  by  given  points  (1691,  Mem.  Torino,  vol.  42). 

(ii.)  Memoirs  on  the  theory  of  algebraic  surfaces  chiefly  by  Castel- 
nuovo  and  Enriqaes,  and  summarised  by  them  in  an  article  in  vol.  48 
of  the  2fathematische  Annalen  (1896), 

(iii.)  Segre's  paper  on  the  geometry  on  a  simply  infinite  algebraic 
manifold,  in  which  the  properties  and  applications  of  linear  series  are 
derived  from  theorems  in  the  geometry  of  hyperspace  {Annali  di  Mat., 
vol.  22,  1894). 

(iv.)  Bertini's  account  of  the  principal  theorems  concerning  linear  series 
of  point-groups  on  a  plane  curve,  written  chiefly  from  Brill  and  Noether's 
standpoint  {Awudi  di  Mat.,  vol.  22,  1894). 

'  Ot  BiJU  and  Noether,  Jakreiher.  d.  DeiaieJum  Maik.  Vsr.,  rol.  IIL,  p.  397, 18H. 
'  Cf.  BriU  and  Noetber,  iHd.,  p.  290. 
*  Ct.  Brill  and  Noether,  Im,  eit.,  p.  616. 
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(v.)  BriJl  and  Noether's  report  on  the  theoiy  of  algebraic  fanctions, 
contaming  succinct  accoanta  of  the  contents  and  importance  of  many  of 
the  memoin  in  the  above  divisions. 

(vi.)  Solntion  of  the  question  of  the  identity  of  the  terms  involution 
and  linear  series  by  Humbert  and  by  Castelnuovo  (1893). 

(vii)  F.  S.  Macaulfty's  papers  in  the  Proceedings  of  the  London  Mathema- 
tical Society,  vols.  26,  29,  31,  1895-99,  on  curves  through  given  points. 

§  3.  Akalsbib  according  to  Cohtbnt. 

A.  The  three  different  methods  of  investigation,  viz,  analytic^, 
geometrical,  transcendental. 

B.  Various  definitions  of  the  terms  in  use  by  English,  French,  German, 
and  Italian  vriters,  and  the  logical  connection  of  the  ideas  when  defined 
in  the  language  of  analytical  geometry. 

0.  £esults  obtained  by  the  theory,  expressed  ia  the  terms  defined 
inB. 

(a)  Concerning  the  linear  series  of  point-groups  on  a  given  base-curve, 
e.g.,  Cl^ffor^a  theorem,  the  Riemarvn-Roeh  theorem. 

(j8)  Concerning  the  base-curve,  proved  by  means  of  the  properties  of 
linear  series  of  point-groups,  and  of  linear  systems  of  plane  curves,  e.g.  : 

(t.)  Pertinence  under  bi-rationai  trana/ormation  of  p  (d^fiettncy, 
genu*). 

(«.)  Reduction  of  the  order  qfa  ctlrve  with  given  dejieiency. 

(til.)  Classijicatian  ofpla/ne  curve*  into  rational,  hypereUiptxe,  k-gotutl. 

S.  Properties  of  surfaces  in  hyperspace  in  connection  with  the  pro- 
pertiee  of  linear  systems. 

§  i.  Bbill'b  Memoirs  os  Klihination  and  Alqsbraic  Cobrbspondbncbs. 
1863-1873. 

Brill's  earliest  papers  in  the  JUat/tematigche  Annalen  are  on  problems 
which  arose  naturally  out  of  the  subject-matter  of  his  SabUitatioru- 
eehrift,  viz.  the  transformation  theory  of  algebraic  functions  in  connec- 
tion with  Riemann'e  memoirs  on  Abelian  functions.  Clebscb  and 
Gordan,  in  their  treatise  on  Abelian  functions,  [Miblisbed  in  1866  (the 
year  before  Brill's  Habititatioiisgchr^t),  had  attempted  to  develop 
a  theory  of  the  applications  of  Abelian  functions  to  geometry.  Inter- 
preting Abel's  and  Riemann's  equations  as  tmrves,  they  expressed 
the  number  p,  which  plays  a  fundamental  part  in  Kiemann's  theoiT  of 
Abelian  int^rals,  in  terms  of  the  singularities  of  the  corresponding  plane 
curve,  thus  identifying  it  with  the  number  studied  by  Cayley  under  the 
name  of  deficiency.  They  further  discussed  the  persistence  of  this  number 
under  bi-rational  transformation ^that  is,  the  simplest  type  of  a  one-one 
correspondence — and  the  existence  of  certain  constants  (moduli)  invariant 
under  such  transformation.  Brill  adopted  their  interpretation  of  the 
equations,  and  his  work,  though  essentially  analytical  in  form,  is  capable 
of  direct  geometrical  application  in  its  results. 

The  number  of  the  moduli  is  the  subject  of  the  first  two  papers.  In 
tlie  earlier  of  the  two  '  he  remarks  that  Biemann,  by  analysis,  found 
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Sp  —  3  to  be  the  number  of  moduli  of  bis  '  normal '  fnnction,  whereaa 
Cayloy  '  obtained,  by  geometrical  considerations,  the  number  ip  —  S  for  the 
curve  of  {p  +  l)th  order,  the  '  normal '  curve  of  Clebsch  and  Oordan  ;  but 
by  actually  performing  the  transformation  of  the  latter — in  the  case  ps=i 
— into  Riemann's  form,  Brill  shows  that  there  are  in  fact  only  3^—3 
moduli  (a  result  which  Cayley  verified  later.)  '  The  second  paper*  was 
occasioned  by  a  memoir  by  Casorati  and  Cremona,*  in  which  uie  trans- 
formation of  Clebsch  and  Gordan's  form  into  Riemann's  is  effected,  by 
geometrical  methods,  for  the  cases  p^4,  5,  6,  Brill  obtains  their  result 
by  different  methods,  employing  the  properties  of  curves  in  space  of  three 
dimensions.  An  example  for^=6  is  a  septic  with  nine  double  points  ;  this 
he  connects  by  a  one-one  transformation  with  a  curve  in  space  of  the  8th 
d^;ree,  quoting  Cayley  '  to  show  that  the  transformation  can  be  effected 
Id  exactly  five  ways,  corresponding  to  the  five  straight  lines  in  space 
which  meet  the  tortuous  curve  of  the  8th  degree  in  four  points.  Simihtrlj 
for  p^7,  the  transformation  of  a  plane  curve  of  the  8th  degree  can  be 
effected  in  twenty-one  different  ways.  These  examples  are  important,  as 
forming  a  connecting  link  between  the  theory  of  transformation,  in  which 
they  presented  themselves,  and  the  theory  of  elimination,  to  which  they 
directly  lead  ;  moreover,  within  the  theory  of  elimination  they  suggest 
the  question  of  the  number  of  different  solutions  satisfying  a  system  of 
simultaneous  equations. 

In  the  year  1871,  Brill  begins  to  'turn  his  attention  to  a  wider  theory, 
that  of  elimination  when  stated  algebraically,  or  of  correspondences  vhen 
stated  geometricaUy.  This  is  shown  in  the  title  of  a  paper,^  which  con- 
tains proof  of  theorems  required  in  the  succeeding  paper;'  but  neither 
of  these  has  any  immediato  application  to  our  present  purpose. 

The  geometrical  Bide  of  the  theory  of  correspondences  had  been 
already  attacked  by  Chasles,  De  Jonquieres,  and  Cayley,  but  algebraical 
proofs  of  many  theorems  were  still  wanting  ;  and,  moreover,  the  treat- 
ment of  the  problems  in  a  purely  symbolical  and  analytical  manner  led 
to  the  establishment  of  theorems  in  the  general  theory  of  elimination, 
which  in  their  turn  apply  to  a  region  intimately  connected  with  the 
theory  of  correspondences — that  of  point-groups  on  a  curve — but  at  the 
dato  we  speak  of,  still  comparatively  unexplored. 

In  Brill's  first  important  contribution  to  the  tbeoiy  of  elimination,' 
he  attacks  the  problem  of  the  number  of  different  solutions  which  satisfy 
a  system  of  simultaneous  equations.'  He  remarks  tliat  Roberts  "*  and 
Salmon"  confined  themselves  to  a  discussion  of  the  degree  of  the 
elimioant  in  the  whole  number  of  variables,  not  the  degree  in  which 

>  n-Do.  Lendun  Math.  8ae.,  vol.  i.,  ISGG, '  Od  the  traneformatiou  of  plane  carves.' 

■  Math.  Ann.,  vol.  viii.,  pp.  3G8-3G2.  >  On  the  group  of  points  G|  on  a  saxtio 
onrre  with  five  double  pointo,'  1874. 

'  Ibid.,  vol.  ii.,  pp.  471-474,  1S70,  '  Zweito  Note  beiiiglich  der  ModolD  einei 
Clasae  von  algebraiBcbeD  Oleichuiigen.' 

*  Aecad.  MOatt,  May,  18T0.  •  Phil.  TTom..  1870.  'On  skew  aurfaces.' 

'  Math.  Ann.,  vol.  Iv.,  pp.  GI0-02S,  'Zar  Tbeorie  der  Elimioation  and  der 
algsbraiscben  Currea.' 

*  Ibid.,  pp.  G27-G49,  '  TTebei  zwei  Baruhiunt^pTDbleme.' 

■  Math.  Ann..,  vol.  v.,  pp.  BTB-396,  1872,  '  aebei  Elimiiuitiou  aus  einem  gewissen 
System  von  Gleicbungen.' 

*  Beo  aUo  Math.  Anm..  vol.  iv,  pp.  642-548,  1871. 
"  CreUe,  vol.  lirit,  pp.  26B-278,  1BS7. 

"  ^>fh«r  Algebra,  Lessons  TUI.  and  XVIH. 

n,g  -ccT'GoOgIc 


OH  THE  FBBSENT  STATE  OF  THE  THEORY  OF  FOINT-OROQPS.    125 

each  variable  appears.  The  latter  is  the  more  difficult  problem,  and 
admits  of  complications  in  vhich  the  interoretation  of  certain  equations 
as  correspondences  is  of  great  value  (see  infra,  p.  129). 

In  this  paper  he  finds  by  induction,  without  a  rigorous  proof,  a 
fwmula  for  the  number  of  solutions  of  a  system  of  equations  in  k  inde- 
pendent variables  (each  equation  being  symmetrical  in  all  the  variables), 
the  system  consisting  of  a  number  of  equations  equivalent  to  i  + 1  inde- 
pendent equations  ;  so  that  k~i—\  of  the  variables  must  have  arbitrarily 
assigned  values  before  the  expression  'number  of  solutions' can  have  a 
meaning.  When  k—i—\  have  been  so  chosen,  the  'number  of  solutions' 
means  the  number  of  different  ways  in  which  the  remaining  i  + 1  \Ma  be 
found  to  satisfy  any  i+1  equations  of  the  system.  The  number  (see 
formula  (A),  injra)  is  made  to  depend  on  the  sums  and  differences  of  the 
numbers  of  common  solutions  of  pairs  of  systems  of  equations  (in  square 
brackets  in  (A)  below),  one  system  of  each  pair  being  of  the  same  Kind 
tu  the  original  system,  but  equivalent  to  fewer  than  t+1  independent 
equations  ;  while  the  second  system  of  the  pair  is  either  precisely  one 
equation,  symmetrical  in  all  the  variables,  or  consists  of  a  system  equiva- 
lent to  2,  or  3,  .  .  .,  or  i+\  independent  equations,  involving  only  k — 1, 
k—%  .  k — i  variables  respectively.  As  an  important  example  of  a 
system  of  equations  of  the  assumed  nature,  he  considers  the  original 
system  to  consist  of  all  the  equations  formed  by  equating  to  zero  every 
i-rowed   determinant   of    the   foUowing   matrix   of    k+i  column!  and 

>i(A,),*i,(x,),  - .  -  *,.,(x,y 
'*i(S).  ?i(A)), .  ■  ■  f»,i(^i) 


*,(x.).*j(M. 


.  *.*<{M. 


where  f,,  .  .  .  ij-m  are  integral  functions  of  the  tnth  degree  of  the 
single  variables  enclosed  in  the  brackets,  these  variables  X,,  .  .  .  Xt  being 
all  independent.  Such  a  matrix  is  more  shortly  written  as  ||A+i||t,  and 
the  number  of  solutions  as  (^+t)t-  This  notation  is  also  employed  when 
the  fi's  are  functions  of  more  than  one  variable  each,  the  variables  being 
then  connected  by  k  relations  (see  infra,  p.  127).  The  number  of  common 
solutions  of  all  the  Arrowed  determinants  it  contains  is  known  to  be  equal 
to  the  number  of  common  solutions  of  the  t  -|- 1  determinants, 


1^1  (^i). 


1^1  {K), 


where   t=k,  k  +  \,  .  .  , 
Dinants  of  the  matrix 


do  not  all  vanish. 


i-|-t  in  turn,  provided  the  i— 1-rowed  deter- 
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Bf  ft  generftlisation  of  simple  cases,  thu  number  of  solutions  ig 
reduoed  to  tho  following  formula  : — 

(A)  (*  +  i).=[(i+i-l),(*)J-[(4+i-2),(*-l).]+  .  .  . 

.  .  .  i:[(t).(i-i  +  l)J±(*-i). 

There  [(<!:+*  — l)t(A)t]  stands  for  the  number  of  common  solutions  <^ 
||i-(-i— l|lt  (equivalent  to  i  independent  equations,  provided  the  k—1- 
rowed  determiuants,  mentioned  above,  do  not  vanish),  and  of  ||it|^  which 
represents  preciseljr  one  equation  ;  and  so  on.  A  rigorous  proof  of  this 
formula  was  not  given  until  1890,'  but,  assuming  it  to  hold,  the  number 
of  solutions,  when  the  variables  are  all  independent,  is  found  by  perfectly 
valid  reasoning  in  the  paper  under  consideration,  and  particular  cases  of 
the  more  gen^id  problem,  to  which  formula  (A)  also  applies  (i.n.  when 
there  are  k  pairs  of  variables,  connected  by  k  relations),  are  solved  in 
the  next  paper  *  by  direct  evaluation. 

When  the  terms  of  the  right-hand  side  of  (A)  come  to  be  actually 
evaluated,  the  particular  case,  here  alone  considered  (i.e.  of  k  independent 
variables),  proves  capable  of  direct  treatment  by  algebraic  theorems  in 
elimination  proved  in  the  earlier  part  of  the  paper,  and  the  final  result  is 


(i+ 


i\  _(m-A+l)(w-''i)  ■  ■  ■  (w-t-«+l) 
''  1  .  2  .  3  .  .  .  t+1 


From  the  point  of  view  of  the  theory  of  pdnt-gronps,  a  geometri- 
cal problem  which  Brill  solves  by  means  of  formula  (A)  is  of  interest ;  it 
is  thus  stated  : 

Given  a  (k+i—\)-ply  infinite  family  of  curves  of  order  m,  vis.  : 
<'i?i{»>y)+"»?»('='y)+  ■  ■  ■  +''«+i^».i(''.y)=0-  Amtminffk-i-lt^the 
poinU  0/  interneetion  roiih  a  straight  line,  to  find  i  others  mich  that  every 
curve  through  these  k—  1  also  patses  through  a  certain  kth  point.  In  hoto 
many  ways  can  this  be  done  f 

Or,  in  other  words  : 

Jn  how  many  ways  can  k  pointt  be  chosen  on  a  straight  line,  so  thai  an 
i-ply  i-ri/inite  gyslein,  of  cwnieg,  selectedfrom  a  (k  +  i— l)-p/y  infinite  system 
may  pass  through  tltem  ? 

Since  the  number  of  solutions  is  all  that  is  required,  the  problem  is  not 
made  less  general  by  taking  the  intersections  with  a  definite  straight  line, 
toy  y^O  ;  substituting  this  value  for  y  in  the  equation  from  the  outset, 
we  are  led  to  finding  the  number  of  solutions  of  exactly  the  matrix  con- 
sidered on  p.  12H,  leading  to  formula  (A),  which,  since  x,,  .  .  .  x^  are  k 
independent  variables,  can  be  directly  evaiuated  as  above. 

Brill's  investigations  into  the  theory  of  correspondences  definitely 
commenced  in  1872.'  In  the  introductory  remarks  he  attributes  the 
origin  of  this  theory  (in  geometry)  to  Chssles,  who,  in  1864,  first  ennn- 
ctftted  the  principle  of  correspondence  for  points  on  a  straight  line  : 
'  if  to  every  point  x  there  are  n  pointg  y,  and  to  every  point  y  there  are  m 
poinls  X,  then  o(  m-l-n  points  an  x  coincides  with  ay;'  and  who  after- 
wards es  tended  it,  in  1366,  to  points  on  anyunicursal  curve.*     Cayley 

I  Math.  Ann.,  vol.  sitvI.,  p.  326.  '  Ihid.,  vol.  vi. 

'  IHd.,  vol.  vi.,  pp.  33-G5,  '  Ueber  Bntapiechen  von  Pnnkts;stemen  ant  eioer 

'  Compttt  Mendv!,  vol.  Iviii.,  June  27,  1864,  and  voL  Mi.,  p.  11, 
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had  given '  an  eztonsion  of  this  principle  to  curres  of  any  deficiency 
/>,*  without,  however,  formally  proving  it,  and  it  is  &t  thia  stage  that 
Brill  took  up  the  subject.  He  gives  an  algebraic  proof  of  C&yley'aformulft 
for  the  number  of  united  poinlt  of  one  correspondence  on  a  given  curve  of 
deficiency  p,  and  he  finda,  moreover,  the  proper  eiteasion  to  curves 
of  any  deficiency  of  the  well-known  algebraic  theorem  :  '  if  between  the 
point*  Xtjofa  straight  line,  there  exists  a  relation  ti(x,  j)^0  by  ineana  of 
which  I-  pcnnta  x.  correapond  to  a  point  j  and  \  points  j  to  a  point  x  ;  and 
further,  ifbt/  mean*  of  a  second  relation  (p'{x,  y)^0  k'  point*  x  correspond 
to  y  point*  y ;  then  the  number  of  pair*  of  points  which  satisfy  both 
relation*  i*{'ti<li')=K\'+i:'X.'  The  first  rel»tion?>{a;jy)=Oia  said  to  establish 
a  correspondence  (k,  \)  between  the  points  on  the  straight  line ;  the 
second,  i'{x,  j/)=0,  a  correspondence  (s',  X'),  and  (^')  gives  the  nnmber  of 
pejrs  of  points  which  satisfy  both  correspoudeacea. 

Brill's  extension  is  as  follows  : — Given  a  fixed  point  z  on  a  curve  i  of 
deficiency  p,  oW  two  movable  point*,  x,  y,  on  the  same  curve,  and  let  the 
tnoo  relationi,  ^  (s,  y,  z)^0,  ^'(x,  y,  z)^0  hold,  tnhich,  regarded  as  functions 
ofx  ha/oe  k,  k'  points  of  intersection,  respectively,  with  i  (x)=0,  of  which 
P,  ^,  respectively,  coincide  wiiA  the  point  z,  and  y,  y'  with  the  point  y ;  ° 
and  which,  regarded  a*  function*  of  j,  have  1,  V  points  of  intersection, 
reapeelively,  loith  t  (j):=0,  of  whicfi  a,  «',  respectively,  eoineide  witJi  the 
point  z,  and  y,  y'  with  the  point  x  ;  then  the  number  of  paire  of  points, 
X,  y,  (each  point  being  distinct  from  the  other  and  not  eoutciding  with  z), 
which  tatiify  both  relations  is  given  by  (^')=:i,'\'+c'X — ipyy't 


where   < 


:=k-P-y,  ^■=k--^-y' 
^=l-y-a,\'=l'-y'-a'. 


The  first  application  of  this  formula  is  to  find  in  how  many  ways  three 
point*  on  a  curve  f^O  can  be  chosen,  so  that  a  singly  tn/£ntte  system  qf 
curve*,  *dected  from  a  given  triply-iD^inite  *y*tem,  may  pas*  through  them. 
This  is  a  simple  case  of  the  problem  already  referred  to  on  p.  125  (viz. 
kss-Z,  t^l),  but  now  we  have  to  deal  with  a  base-curve  of  any  deficiency 
p,  instead  of  the  straight  line,  and  tlius  it  is  impossible  to  eliminate  y  and 
to  obtun  equations  in  three  independent  variables  x^,  x^,  Xj.  We  obtain 
a  matrix  similar,  but  not  identiccd,  to  that  on  p.  135,  viz.  : — 

l9i(«ii'i).  ^>(*i!/i).  ^^(^lyi).  ?*(*iyi>| 
'^it^jyj).  M^^i)'  9s(^sys).  ?«(*»y») 
,i?i<^sS'»).  ♦s(*jy3).  *j(«i.yi).  M'^ji/ill 

and  further,  the  three  equations/ (xiyi)=0,  f{x^il=0,f{x3y^=Q. 

As  before  remarked,  however,  the  formula  (A)  still  holds  and  gives  us 
{3-)-l)j=[(3)3(3),]— (3-l)sbut  for  this  simple  case  it  ia  worth  while  to 
work  out  the  problem  directly  in  the  first  place,  without  using  formula 
(A),  as  it  affords  insight  into  the  geometrical  meaning  of  a  correspondence 

Observe,  first,  that  before  a  finite  number  of  solutions  can  be  found, 
one  point,  e,  orv'f'=(i,  must  be  assumed  arbitrarily,  since  it— i— 1^1. 

'   Omptct  Rmdvs,  vol.  liii.,  186S,  p.  686. 

*  Caylej's  result  iatbat  the  nnmber  of  '  united  points'  ia  it-i-n^Zpi,  where  i  ia  a 
qoontit;  afterwards  known  as  the  WertU/ieit  of  the  correapondence  curve. 

*  S  1b  said  to  be  tiie  Wertifkeit  of  $  at  a  -  r,  7  aix^y; 
$'  „  „  „  „  ^  at  3i  =  s,  y  at  »=)i; 
•         ..            .>              ..  .1  *  ats  =  :. 

.'        ,,  „  „  «fat,-.. 
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Alflo,  if  any  two  independent  curves  of  the  triply-infinite  system  can  be 
passed  through  this  arbitrary  point  s  and  throngb  certain  ottier  two  x,  y, 
on/=0,  then  a  singly -in  finite  number  passes  thi-ough  these  three  points, 
and  they  form  one  of  the  triplets  whose  number  is  required.  To  arrive  at 
two  independent  curves  of  the  system,  take  any  two  Used  points  A,  B,  ia 
the  plane,  and  consider  first  the  curve  through  x  and  A,  then  that  through 
z  and  B  ;  each  has  still  one  degree  of  freedom,  but  loses  this  and  beooraea 
perfectly  determinate  if  passed  through  a  common  point  y  on  /— 0.  Let 
every  curve  of  the  triply-infinite  system  have  M  movable  points  of 
intersection  with/=0 — that  is  to  say,  U  pointt  whose  coordinates  depend 
on  the  variable  parameters  of  the  system — then  these  two  independent 
curves  determine]  by  y  have  each  M— 2  points  of  intersection  x  with/i=0 
besides  z  and  y  ;  and  in  general  the  M— 2  aj's  belonging  to  one  curve  will 
be  all  distinct  from  those  belonging  to  the  other;  but  if  y  be  properly 
chosen  (or,  we  may  say,  for  certain  positions  of  y  od_/'=Q)  an  x  of  one  curve 
will  coincide  with  an  x  of  the  other,  x,  y,  z  thus  forming  one  of  the  required 
triplets,  since  two  independent  curves  pass  through  them.  The  expression 
ftrr  certain poiitiona  o/y  on  f =0  introduces  the  idea  of  the  movement  of  the 

eint  y  oaf,  which  necessitates  a  corresponding  movement  of  the  two  sets  of 
—  2  x'b  belonging  to  the  two  distinct  curves  ;  we  may  say  with  reference 
to  each  curve,  that  to  every  position  of  y  there  correspond  M— 2  positions 
of  X  ;  moreover,  since,  when  confining  the  attention  to  the  curve  through 
s  and  A,  it  is  immaterial  which  of  the  M — 1  points  is  called  y,  we  say 
that  to  every  position  of  x  there  correspond  M  — 2  poBitions  of  y  :  uw 
hat>e  a  gymmetricat  correspondKnce  (M — 2,  M  — 2)  between  the  pointt  x,  y 
eitabliahed  on  f =0  6y  means  of  the  curve  through  z  and  A  ;  and,  similarly, 
we  have  another  established  by  means  of  the  curve  through  z  and  B. 
But  we  have  already  pointed  out  that  for  certain  positions  of  y,  i.e.  of  the 
one  of  the  M  —  1  points  which  is  common  to  both  curves,  there  will  be  an 
X  common  to  them  as  well,  and  it  is  the  number  of  such  positions  of  y  (or 
of  this  X,  since  the  relation  of  this  particular  x  and  y  is  reversible)  that 
we  wish  to  find. 

Again,  since  the  original  system  hsa  three  degrees  of  freedom,  the 
system  through  A  (or  through  B)  has  two  degrees  of  freedom  ;  hence  one 
curve  of  the  system  can  always  be  drawn  to  touch /=0  at  anypoint  on  it, 
and  no  curve  can  have  a  double  point.  In  other  words,  wherever  a  is 
taken  <ia/:=0,  there  is  always  one  position  of  y  which  coincides  with  »  (on 
the  curve  touching/=0  at  z),  or  y=a  satisfies  the  correapondenoe  equation 
^  identically  once.  (If  no  curve  could  have  been  drawn  to  touch /=0  at 
any  arbitrary  point,  y^z  would  not  satisfy  the  correspondence  equation 
identically  at  all,  whereas,  if  a  curve  with  a  double  point  at  any  arbitrary 
point  on/=0  could  have  been  drawn,  then  y=s  would  have  satisfied  the 
correspondence  equation  identically  twice,  dtc.)  The  number  of  times 
that  y=z  satisfies  the  correspondence  equation  is  called  the  '  Wertigkeit ' 
of  the  correspondence,  and  is  denoted  by  {f],,.  In  symmetrical  cor- 
respondences, suoh  as  the  one  above,  x,y,z  are  all  interchangeable,  and 
therefor©  r*l^=  [^ln=[*]n- 

The  value  of  the  '  Wertigkeit '  is  written  as  a  subscript  to  the  bnusket 
(^')  ;  thus,  in  the  language  of  correspondences,  the  number  of  solutions 
CO  our  present  problem  is  the  number  of  pairs  of  points  which  satisfy  two 
correspondence  equations,  each  given  as  (M-  2,  M-  2)i.  But  from  ttiis 
number  must  be  subtracted  those  pairs  of  points  which  lie  on  that  one  curve 
of  the  triply-infinite  system  which  passes  through  both  A  and  B  as  well  as 
z,  for  these  do  not  lie  on  two  distinct  curves,  and  therefore  not  on  a  curve 
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of  a  singly '  infinite  system.  The  number  of  sach  pairs  is  obviously  the 
combinations  in  twos  of  the  U — 1  points  besides  z,  which  lie  on/^O,  i.e. 
it    is    '-- — ^^.      If,  therefore,  we  write  ir=«'=\=X'=M— 2  and 

y=sy'^l  in  the  formula  given  on  p.  127  for  ()<?')  (dividing  it,  however, 
by  2,  once  our  correspondences  are  symmetri<»l),  and  then  subtract 

-  ~— —  from  this,  we  obtain  the  number  of  triplete,  vis.  (M— 2)*— 

p-  J(M-1)(M-2)=4(M-2){M  -  3)-p. 

Now  compare  the  steps  of  this  process  with  the  formula  (A^  for  this 
case,*.«.  with  (3  +  l)3=[(3)3{3)3]-(3-l)g  and  we  see  that  the  two  cor- 
respondences employed,  exactly  similar,  were  the  determinants,  the  number 
of  whose  solutions  was  denoted  by  (3)^,  (3)g,  while  (3  -  1),  gives  the  num- 
ber of  those  solutions  which  needed  to  be  subtracted  from  the  total  number. 

In  more  complicated  problems,  formula  (A)  is  used  at  once,  and  the 
evaluation  of  the  number  of  common  solutions  of  the  equations  in  the 
square  brackets  (the  number  and  form  of  these  equations  ia  given  above, 
pp.  125  and  126)  is  performed  by  interpreting  tAese  as  correspondence  equa- 
tions {cf.  p.  124),  provided  we  know  how  many  points  correspond  to  one  in 
each  correspondence  (they  are  always  symmetrical,  as  is  seen  at  once  from 
the  form  of  the  determinant)  and  also  the  '  Wertigkeit'  of  the  points 
jr=y,  Ac.  (Here  ^un,  by  symmetry  [if]^=[iti\,^  ....  &c.,  for  the 
determinant  will  vanish  identically  exactly  the  same  number  of  times 
whichever  rows  are  made  the  same.) 

The  other  cases  to  which  Brill  applies  the  theory  of  correspondences 
in  the  paper  under  consideration  are  : — 

(a)  To  find  t/ie  numier  of  triplete  of  points  on  a  given  bate-curve 
throtLgh  which  a  dovhly-it^nile  gyslem  of  curvea,  contained  tuiihin  a  i-ply 
infinite  system,  can  be  vnadf,  io  pass. 

{b)  To  find  the  number  of  sets  of  Jour  points  on  a  given  base'Curve 
through  which  a  iriply-vT^nite  system  of  curves,  contained  within  a  G'ply 
it^nite  system,  can  be  made  to  pass. 

In  the  first  of  these  A=3,  i=2  ;  in  the  second  4=4,  i=3.  They  are 
both  rather  more  complicated  than  the  one  we  have  considered  in  detail ; 
the  first,  namely,  involves  finding  the  number  of  triplets  of  points  which 
satisfy  three  correspondences,  for 

(3  +  2).=[(3+l).(3).]-[(3),(2),]+(l)„ 

and  the  number  of  independent  equations  (see  p.  126)  involved  in 
[l|3-mis,  !|3||]  iB2-(-l=3,  involved  in  [||3||3,  ||2||,J  is  1-h2=3,  and  involved 
in  (1)3  is  3  ;  similarly,  the  second  involves  finding  tjie  number  of  sets  of 
4  points  which  satisfy  4  correspondences,  for  here  we  have 

(4+3),=[(6),(4).]-[(6),(3),]  +  [(4).(2),]-(l)., 

and  the  total  number  of  independent  equations  in  each  term  of  this 
expression  is  4,  namely,  3-t-l,  2-|-2,  1  +  3  and  4.  Moreover,  it  is  essential 
to  the  final  evaluation  to  take  notice  of  the  way  in  which  the  4  inde- 
pendent equations  are  grouped  ;  the  formulae  in  the  theory  of  correspond- 
ences for  finding  the  number  of  sets  of  4  points  which  satisfy  4  equations 
when  these  4  are  grouped  as  3+1  differs  from  that  in  which  they  are 
grouped  as  2  +  2  j  but  since  the  difference  only  appears  in  the  terms 
1900.  K 
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involving  p,  it  does  not  exist  when  pi=0,  i.e.  when  the  base-curve  is  & 
Btriight  line  or  ft  uuicnrsftl  curve,  and  it  was  for  this  reason  that  the 
actual  solution  of  the  previous  problem  (p.  126)  was  possible.  The 
required  formula  for  t=:I,  3,  3  (leading  to  2,  3,  and  4  fiimultaneous 
correspondences),  are  worked  out  in  the  earlier  part  of  this  paper  for  all 
possible  diOerent  groupings  of  the  sets,  and  tiie  final  results  for  examples 
(a)  and  (6)  are 

,  ,   M-2.M-3.M-i        ,„     ,, 

<°>  1.2.3  -P(M-4) 

,.,    M-3.M-4.M-5.M-6_M-6.M-5         p(;>-l) 

^  '  1.2.3.4  1.2     '   '^        '  -2 

where,  as  before,  M  deaotas  the  number  of  movable  points  of  intersec- 
tion of  each  curve  of  the  given  system  withy^O.  We  notice  in  passing 
that  these  results  agree  with  that  of  p.  126,  when  p^O,  M^m. 

A.  problem  in  the  theory  of  point-groups,  of  which  the  above  are  par- 
ticular cases,  was  first  enunciated  in  the  most  general  form  in  a  paper  by 
Brill  and  Noether,  in  1873.'     They  state  it  thus  :— 

Given  a  t-ply  irifinile  system  of  adjoint  euroeg — ikat  it,  of  eurwe* 
pawing  a —  I  timsM  th/rough  every  a- fold  point  of  f =0 — it  it  required  to  find 
R  pointt  on  the  bttse-curve,  {-=0,  which  form  aueh  a  ]>oint-grov,p~-Qr  set  of 
poinlt — that  the  curves  of  the  givm  tystem  tohiek  past  through  it  form  a 
q-ply  infinite  system.     If  the  equation  of  the  system  is 

this  problem  leeids,  by  known  theorems,  to  finding  the  common  solutions 
of  all  the  (t—q+l)  rowed  determinants  of  the  matrix. 

'|9.(«iyi).  ?i(a'iyi).     -       ■       ■    •..■(■=iyi)[ 
i;*i(i«»yi)i ?t+i(*»y»). 


.H^Bift^  •  ...  *,.i{*i.yB) 


where 


a!iyi,«^„ aaS-B. 

are  connected  by  the  equations 

/(=«,yi)=o fixd/^)=o. 

The  simplest  case  Is  therefore  to  be  found  by  taking  S.^t—q  +  1,  and 
this  is,  in  fact,  the  only  case  completely  solved.  The  formula  for  the 
number  of  solutions  was  given  in  this  n 


(k.,).=(?:j)-(?)(?_-j)^(! 

™  |<->.'(-3('*!- 

<-)v(sJi)) 


todd 
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I   Q=2p— 2-R   and    (    \   stands  for 


;(^-I)     ■■■(;- 
1.  2       ... 


but  the  rigorous  proof  only  appeared  in  the  year  1890.  For  particular 
values  of  g,  however,  viz.  9=1,  2,  3,  and  aaauming  the  rigorous  proof  of 
formula  (A),  formula  (B)  was  proved  in  the  previous  papers.  In  fact,  we 
see  that  (a)  and  (6)  on  p.  130  are  particalor  instances  in  which  Rb=  it,  9=*i 
Q=M-<t. 
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PART  I. 
Although  most  students  of  alloys  are  now  convinced  that  they  often 
contain  definite  chemical  compounds,  yet  these  'intermetollic '  com- 
pounds are  still  passed  over  in  silence  by  the  authors  of  books  on  descrip- 
tive chemistry.  The  cause  of  this  omission  lies  in  the  difficulty  of  isolating 
these  bodies  in  a  pure  state,  and  in  their  resemblance  to  the  metals.  It 
must  be  acknowledged  that  Just  as  the  metals  resemble  one  another  mora 
than  do  the  non-metals,  so  their  compounds  often  present  a  great 
superficial  resemblance  to  their  constituent  elements.  Intencetallic 
compounds  might  well  be  compared  to  the  somewhat  intangible  bodiea 
formed  by  the  union  of  the  halogens  with  each  other  and  with  sulphur. 
Many  of  these  bodies  show  marked  dissociation — that  is  to  say,  they  readily 
form  systems  in  true  equilibrium  with  their  components ;  it  is  almost 
certain  that  '  intermetallic '  compounds  present  the  same  phenomenon  when 
in  contact  with  liquid  alloy. 

Melhodt  of  Studying  Intermetallic  Compounds. 

The  method  that  naturally  suggests  itself  to  a  chemist  is  that  of  ex- 
tracting the  pure  compounds  from  an  alloy  by  filtration,  by  volatilisation 
of  excess  of  a  volatile  metal,  or  by  removing  the  excess  of  metal  by 
means  of  a  suitable  solvent.  Each  of  these  methods  has  been  employed 
with  some  success. 

Filtration  methods  are  very  difficult  at  high  temperatures,  but  if  the 
difficulties  can  be  overcome  so  that  the  first  solid  separating  from  a  liquid 
as  it  freezes  is  isolated,  we  shall  get  invnlunble  information.  By  the 
filtration  of  a  partly  solidified  solutionof  gold  and  cadmium  in  tin,  Heycock 
•ad  Neville  (')  obtained  a  crystalline  residue  approximating  to  the  formula 
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AnCd,  even  when  the  proportions  of  gold  and  cadmiam  in  the  original 
mixture  varied  within  wide  limits.  Again  {*),  by  allojring  gold  with  excess 
of  cadmium  and  distilling  off  the  exceaa  of  cadmium  they  obtained  a 
residue  having  the  composition  AuCd.  Now  that  many  metals  have  been 
distilled  in  vacuo  this  method  may  meet  with  success  in  other  cases. 

M.  Lebean  (')  dissolves  metals  in  excess  of  sodium  and  distils  off  the 
excess  of  sodium  by  the  prolonged  passage  of  ammonia  gas  followed  by 
that  of  nitrogen.  He  thus  obtains  the  bodies  SbNa,,  BiNa,,  SnNa4  in  a 
pure  state.  He  is  also  succeeding  by  the  same  method  with  the  other 
alkali  metals.  M.  Joannis  (')  some  years  ago  applied  a  similar  method 
successfully. 

The  method  of  fractional  solution  enabled  Debray  (')  to  isolate  the 
bodies  PtSn,,  RhSn,,  RuSn^,  by  the  action  of  dilute  hydrochloric  acid  on 
alloys  containing  excess  of  tin.  M.  Le  Chate]ier(^}  has  in  the  same  way 
isolated  the  compound  Cu^Sn.  He  emphasises  the  opinion  that  by 
choosing  a  suitable  solvent,  suggested  by  electro- chemical  consideration^ 
the  method  will  be  found  gwierally  applicable.  For  example,  by  sub- 
jecting alloys  of  copper  and  sine  to  the  prolonged  action  of  a  paste  of 
lead  chloride  he  has  obtained  crystals  of  pure  Zq,Cu.  Itfr.  Heycock,  in 
a  research  not  yet  published,  obtained  large  crystalline  grains  of  FtAlg 
by  the  action  of  hydrochloric  acid  on  a  slowly  cooled  alloy  of  aluminiom 
and  platinum.  Mr.  Stead  C)  has  isolated  in  this  way  crystals  (rf  SnSb, 
Au^Pb,  AujPb],  Sn^As],  and  probably  of  some  other  alloys.  The  work 
is  in  some  cases  not  yet  published,  but  he  has  been  kind  enough  to  com- 
municate the  results  for  the  purpose  of  this  report. 

Other  cases  could  no  doubt  be  quoted  in  which  fmctional  solution 
leaves  a  residue  having  a  formula,  but  there  is  a  great  risk  of  the  solvent 
attacking  the  crystals  ;  and,  asUr.  Stead  has  found,  the  existence  of  mixed 
crystals,  or,  at  all  events,  of  crystals  having  a  core  different  from  the  out- 
side, is  a  serious  drawback  to  this  method  regarded  as  an  independent 
method  of  discovery.  It  would  seem  that  the  proper  moment  for  the 
application  of  these  methods  comes  when  hj  the  microscope,  by  the 
freezing-point  curve,  or  by  potential  determinations  the  existence  of  a 
compound  has  been  already  indicated. 

In  a  systematic  study  of  intermetallic  compounds  I  should  therefore 
put  first  (Jiat  of  the  chemical  equilibrium  of  the  binary  system  :  this  is 
generally  expressed  by  the  freezing-point  curve.  Next,  and  perhaps  of 
equal  importance,  comes  the  microscopic  examination  of  the  solid  alloys. 
Thirdly,  as  more  limited  in  scope,  bat  sometimes  more  emphatic  in  its 
indications,  comes  the  determination  of  the  difference  of  electrical  potential 
existing  between  a  metal  and  its  alloys. 

The  method  of  studying  chemical  eauilibrinm  which  we  owe  so  largely 
to  Professors  Bakhuis  RMzeboom  and  Le  Chatelier  is  now  familiar  to 
most  chemists,  and  in  the  case  of  a  binary  system  it  can  be  saffioiently 
described  in  a  few  words.  A  mixture  of  two  substances,  a  and  b,  in 
certain  proportions  is  melted.  It  is  allowed  to  cool  slowly,  and  the 
temperature  is  noted  at  which  solid  matter  begins  to  separate  from 
the  liquid.-  This  is  the  '  freezing-point.'  It  tells  us  the  temperature 
at  whach  this  particular  tnixture  beoomes  saturated — that  is  to  say, 
comes  into  equilibrium  with  a  particular  solid.  By  repeating  the 
experiment  with  a  series  of  mixtures  of  a  and  b  we  get  as  many 
points  as  we  need  for  plotting  the  freezing-point  curve.  In  this  carve, 
one  ordinate  is  the  percentage  composition  of  the  mixture  expressed 
either  in  weight  per  cent,  of  a  and  n,  or,  better,  in  atomic  or  "molecular 


ON  THE  CHEMICAL  COMPOUNDS   CONTAINED  IS  ALL0V8.  133 

per  cents.  ;  the  other  ordinate  ia  temperature.  It  is  desirable  to  observe 
not  oaly  the  first  halt  in  the  cooling,  bat  also  any  lower  ones  that  occur 
down  to  the  moment  of  complete  solidification,  or  even  below  it.  It  is 
also  desirable  to  isolate  by  filtration  the  crystals  which  form  at  the  freezing- 
point,  and  to  analyse  them.  This  would  give  tho  composition  of  the 
solid  and  liquid  phases  which  could  exist  in  equilibrium  at  the  observed 
temperature.  llnfortunately,  on  account  of  experimental  difficulties, 
isolation  of  Uie  solid  phase  has  not  been  carried  out  in  the  case  of  alloys, 
and  a  later  microscopic  study  ot  the  wholly  solid  alloy  is  a  very  imperfect 
substitute  for  it 

We  now  know  pretty  well  the  types    of  freezing-point  or  equilibrium 
curves  that  occur.     In  the  simplest  of  all  cases — that  in  which  the  two 
bodies  a  and  b  neither  combine  chemically  nor  form  mixed  cijstala— the 
complete  curve  resembles  fig.  1.     It  consists  of  two 
branches  cutting  each  other  at  the  eutectic  angle.  if,„  i 

One  branch,  which  starts  from  the  freezing-point  of 
a  liquid  wholly  composed  of  a,  corresponds  to  the 
formation  of  primaiy  crystals  of  pure  a  at  each 
freezing-point,  the  other  branch  to  the  formation  of 
primary  crystals  of  pure  B.  When  the  liquid,  either  ^  I 
from  its  initial  composition  or  through  the  separation 
of  the  primary  crystals,  reaches  the  composition  of 
the  eutectic  intersection,  a  and  b  crystallise  simul- 
taneously but  in  separate  crystals.     Thus  the  solid 

outectdc  alloy  is  a  very  minute  conglomerate,  while . 

ftU  other  alloys  contain  large  primary  crystals  ot  ^""^ 

either  a  or  b  embedded  in  tais  conglomerate.    This 
has  been  conclusively  demonstrated  by  the  exquisite  microscopic  work  of 
M.  Osmond  (^)  and  also  by  that  of  M.  Gharpy  (^). 

Curves  which  approximate  to  this  type  have  been  worked  ("■  "^  ") 
oat  for  the  pairs  Zn.Al,  Zn.Sn,  Au.Cu,  Ag.Cu,  and  some  other 
metals.  Such  carves  do  not  indicate  the  e^cistence  of  a  compound, 
though  it  would  be  too  much  to  say  that  they  disprove  the  exbtence  of 
componnds. 

When  a  compound  exists  whose  melting-point  lies  in  the  region  above 
the  freezing-point  curve  of  the  two  metals,  it  produces  a  separate  branch 
cutting  the  other  two  branches.  At  points  on  this  intermediate  bruich 
the  saturated  liquid  deposits  crystals  of  the  compound.  The  summit 
of  this  branch  occurs  at  the  concentration  corresponding  to  the  formula 
of  the  compound.  If  more  than  one  compound  exists  there  is  a  branch 
for  each  compound,  although  parts  of  the  branches  may  be  lost  by  lying 
below  the  curves  of  more  stable  bodies. 

While  the  above  is  the  usually  accepted  view  as  to  the  meaning  of 
summits  and  eutectic  angles  in  a  freezing-point  curve,  two  points  may  be 
noted.  The  first  is  M.  Le  Ohatelier's  opinion  as  to  the  position  of  the 
summit  caused  by  a  compound.  He  thinks  ('*)  that  when  a  compound 
partly  dissociates  on  fusion,  the  summit  caused  by  its  presence  may  not 
be  exactly  at  the  percentage  composition  corresponding  to  its  formula, 
and  that  the  formation  of  mixed  crystals  may  have  a  similar  efiect  on  the 
curve.  This  is  a  matter  needing  further  investigation.  The  other  point 
concerns  the  position  of  the  eutectic  angle.  White  it  is  well  established 
that  the  eutectic  alloy  is  a  conglomerate,  not  a  compound,  we  should  be 
wrong  to  ignore  the  fact  that  the  angle  often  comes  surprisingly  near  to 
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a  simple  formula — for  example,  in  the  AgCu  and  AuCu  curves.  SirUeorge 
Stokes  has  lately  recalled  our  attention  to  this  point.  Fatemo  and 
Ampolla  (")  hare  noticed  a  number  of  similar  cases  in  organic 
mixtures. 

A  good  many  curves  indicating  by  intermediate  branches  the 
r}(ist«nce  of  compounds  have  now  been  determined,  but  for  the  purpose 
of  illustrating  the  subject  further  the  curve  of  AnAI  will  be  taken. 

As  can  be  seen  from  fig.  2,  there  are  seven  branches,  each  corre- 


sponding to  the  crystallisation  of  a  different  solid.  The  extreme  branches, 
AB  and  IJ,  being  regarded  as  those  of  the  two  metals,  we  have  five  left, 
each  of  which  may  indicate  a  compound.  Tbe  branch  def  has  it« 
summit  exactly  at  the  formula  Aui^AI.  The  microscope  shows  that  the 
summit  alloy  b  is  an  almost  homogeneous  body,  and  that  all  solid  alloys 
whose  composition  lies  between  that  of  d  and  f  contain  large  crystals  of 
the  E  body  immersed  in  a  mother  substance.  As  we  descend  the  curve 
from  the  summit  the  large  crystals  of  e  are  found  to  occupy  less  and  less 
of  the  whole  alloy,  until  at  d  and  f  they  cease  to  exist.     Exactly  similar 
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pheaomena  show  themselves  on  the  branch  obi  ;  the  summit  h  occurs 
»t  the  formula  AuAl^,  and  large  ciystals  of  this  body  are  found  embedded 
in  mother  substance  in  all  alloys  between  o  and  i. 

These  criteria  taken  together — (1)  the  occurrence  of  a  summit  at  a 
formula  percentafie,  (2)  the  presence  of  large  crystals  of  the  same  kind, 
decreasing  in  amount  as  we  descend  the  branch  on  either  side — are,  I 
believe,  an  absolute  proof  of  the  reality  of  a  compound.  The  two  bodies 
AujAl  and  AoAlj  as  certainly  exist  as  do  the  two  chlorides  of  copper. 
But  there  are  other  compounds  more  obscurely  indicated  by  the  cnrve  ; 
the  branch  po  has  its  summit,  x,  below  the  branch  qh,  hence  the  x 
body  which  crystallises  at  points  on  qf  never  occurs  alone  in  a  solid 
alloy.  The  microscope  shows  that  solid  alloys  between  o  and  h  contain 
large  crystals  of  AuAl^,  surrounded  by  a  coating  of  the  x  body,  and  that 
outside  this  coating  there  are  large  independent  crystals  of  x  embedded 
in  a  minute  conglomerate  of  x  and  8.  The  fact  is  that  in  the  first  at&m 
of  freezing,  wh^e  the  large  crystala  of  AuAl],  or  h,  aro  forming,  the 
liquid  part  necessarily  gets  richer  in  gold  until  it  reaches  the  composition 
a.  From  this  moment  the  h 
crystals  cease  to  form,  and  the 
existing  ones  become  coated 
with  the  X  body,  which  at 
lower  temperatures  crystallises 
independently  in  large  ciys- 
tals,  that  in  a  certain  sense 
are  primary.  Finally,  the 
residual  liquid  reaches  the  state 
F,  and  the  euteotic  conglo- 
merate forms  which  is  com- 
posed of  crystals  of  AugAl 
and  of  X.  Thus  an  alloy  may 
contain  a  compound  although 
that  compound  does  not  occur 
as  the  sole  constituent  of  any 
particular  alloy.  This  appears 
to  be  a  very  common  case  ;  for 
example,  Mr.  Stead  finds  that 
in  bronzes  very  rich  in  tin  the 
crystals  of  Cu^Sn  are  coated 
with  CuSn,  and  M.  Charpy  (9) 
has  reoorded  a.  similar  feature 
in  the  bronzes  very  rich  in 
copper.  In  both  these  cases  the 
eutectic  lies  outside  the  coating. 

MM.  Le  Chatelier  ('*),  Gautier,  and  Gosselin  ('")  have  traoed  a  number 
of  remarkable  freezing-point  curves  for  pairs  of  metals,  of  which 
examples  are  given  here.  Unfortunately  the  compodtion  is  stated  in 
percentage  by  weight,  not  in  atomic  per  cents. 

Copper-Aluminium  (Sg.  3).— Here  we  find  two  well-marked  summits, 
one  very  exactly  at  CujAl,  the  other  near  CuAlj. 

Copper-Antimony  (fig.  3). — Here  there  is  a  well-marked  intermediate 
summit  which,  if  it  were  at  a  formula  point,  would  almost  certainly 
indicate  a  compound.  M.  Le  Chatelier  attributes  the  formula  Cu^Sb  to 
it,  but  measurement  on  the  curve  seems  to  give  the  summit  the  formula 
CujSbt.     These  two  carves,  and  one  of  SnCu  also  due  to  M.  Le  Chatelier, 
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are  especially  interesting,  as  the;  were  tiie  first  higli-tempenture  corves 
of  this  kind  with  intermediate  summita  due  to  compounds  that  had  been 
published,  and  the  paper  ('^}  in  which  tbey  appeared  marks  a  new 
departure  in  the  subject  of  alloys. 

Aluminium-Antimont/  (fig.  4).— The  maximum  point  is  very  much 
higherthan  that  of  either  metaJ  ;  it  is  at  1048°  C.  with  14*66  per  cent,  of 
aluraininm.  The  curve  ia  remarkable  because  it  shows  that  nearly  all 
mizturea  melt  above  tJie  melting-point  of  either  c<»Dponent. 

Nickel-Tin  (fig.  4). — Here  the  intermediate  summit  is  at  Ni^Sng. 

M.    Gautier    gives    other 
Kics.  i.  curves  of  great  interest,  some 

of  which  were  aimultaneonsly 
studied  by  Heycock  and  Ne- 
ville {"),  but  many  of  them 
need  further  work  befors  they 
can  be  safely  interpreted. 

Perhaps  the  freezing-point 
curves  investigated  by  M. 
Kumakov  throw  as  clear  a 
tight  on  intermetallic  com- 
pounds as  any  work  that  has 
been  done.  This  work  can  be 
readily  followed  from  the  two 
diagrams  contained  in  his  paper, 
and  reproduced  in  figa.  5  ana  fi. 
The  oomposittoa  b  expressed 
in  atomic  percentages.  The 
first  diagram  (fig.  5)  gives  the 
freezing-point  curves  of  amal- 
gams of  sodium  and  potassium. 
Id  the  HgNa  curve  at  least  six 
separate  branches  can  be  seen, 
each  corresponding  to  the  crys- 
tallisation of  a  different  solid. 
It  would  be  premature  to  as- 
sert that  each  branch  provea 
the  existence  of  a  correspond- 
ing chemical  compound,  but 
there  can  be  no  doubt  that  the 
summit  G  proves  the  existence 
of  the  compound  NaHgj,  a 
body  whose  melting-point  is 
much  higher  than  that  of  eitiier 
component.  Similarly,  in  the 
carve  for  potassium  amalgams,  besides  minor  branches  there  is  a  well- 
marked  summit  at  the  formula  KHg^. 

The  other  figure  (fig.  6)  gives  the  freezing-point  curves  of  the  mixtures 
NiiBi,  NaPb,  NaCd.  It  is  unfortunate  that  so  few  alloys  were  examined 
on  the  upper  part  of  the  NaBi  curve,  but  the  existence  of  the  freezing- 
point  H  above  700°  C.  makes  a  compound  very  probable.  M.  Kumakov 
seems  to  have  no  doubt  that  it  indicates  IfajBi,  a  body  already  prepared 
by  Joannis  and  by  Lebeau.  There  are  two  summits  on  the  NaPb  curve — 
one  at  p,  which  must  be  very  near  the  formula  Na^Pb  and  one  at  p'  to 
which  he  does  not  at  present  assign  a  formula.    In  the  NaCd  curve  we 
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Bee  two  wBll-marked  summits,  at  o  and  </,  the  first  being  exactly  at  the 
fonnnla  NaCd^.  It  b  evident  from  these  onrves  that  the  summite  of 
many  of  the  branches  lie  below  other  branchea,  and  therefore  corre^nd 
to  imatable  Btates.  The  position  of  the  summit  aod  the  formula  of  the 
compound  must  in  Euch  cases  be  a  matter  of  speculation  until  experi- 
menta  of  another  kind  have  been  made.' 

M.  Knmakov  has  also  studied  the  crystalline  matter  which  separates 
at  the  freezing-points,  and  has  noted  great  variations  in  this  as  one  goes 
from  one  branch  to  another.  He  separated  by  filtration  the  hexagonal 
pUt«B  which  crystallise  at  points  along  the  branch  bc,  and  analysed  uiem. 


R^Hj      HUg 


RHg^  SUif^RHy^ 


■iw'^'n^ 


He  found,  however,  that  the  composition  of  the  crystab  varied  from 
point  to  point  along  the  branch.  He  attributes  thb  to  the  presence  of 
mother  liquor  attached  to  the  crystals,  and  he  thinks  that  the  cryatals,  if 
free  from  mother  liquor,  would  have  had  the  formula  Na^Hg.  Thb  is  a 
very  reasonable  supposition,  but  it  may  be  that  he  was  examining  mixed 
crystals.  The  formation  of  mixed  crystals  of  two  bodies  which  cryfltallise 
bomorphously  is  certainly  common  in  alloys,  and  maybe  the  cause  of 
singularities  in  the  freezing-point  curve.     Indeed,  it   is  doubtful  it  we 

'  The  amalgams  of  iiodinin  and  potassiom  haTe  been  eiainiiied  bj  varioDs  other 
methods ;  for  example,  by  tbe  detenniiiBtioD  of  their  spedGc  Tolnme — a  mstbod 
taoently  employed  by  E.  Maey  {Zeitt.  Phs$.  CAemie.  xiiz.  p.  119).  He  finds  a 
nmnber  of  angles  in  his  plotted  cxme  which  he  attribntea  to  the  existence  of 
componnds.  '-^IC 
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sfaall  ftrrive  at  certainty  in  the  interpretation  of  such  ourres  nntiKthis 
qnestion  of  mixed  crystallisBtiou  has  been  thoroughly  studied.  M.  Le 
Chatelier  somfl  years  ago  pointed  out  the  importance  of  this  question  and 
studied  it. 

The  curve  for  mixtures  of  silver  and  gold  has  been  quoted  as  a  type 
for  bodies  which  form  mixed  ciyatals  in  all  proportions.     It  is  a  con- 
tinuous curve    joining    the 
Pi"-  fi-  points  of  fusion  of  the  two 

KaSifla.N,         Naff  Components,  and  differs  from 

such  a  curve  as  that  of  6g.  1 
by  consisting  of  one  branch 
only.  Mixed  crystallisation 
of  two  bodies,  one  or  both 
of  which  were  compound, 
might  be  indicated  by  a 
continuous  curve  joining  the 
freezing-points  of  the  two 
proximate  constituents  of 
the  crystals.  There  are 
probably  several  such  cases 
in  the  curves  given  by  M. 
Gautier.  Charpy  and  Stead 
have  ipdependently  studied 
with  the  microscope  a  pe- 
culiar crystal  structure  which 
they  conjecture  to  be  due  to 
mixed  crystallisation.  But 
no  case  of  isomorphism  in 
alloys  lias  been  worked  Out 
in  a  manner  that  is  con- 
clusive. Until  lately  a 
ad  satisfactory  theory  of  the 
subject  was  lacking,  but 
Professor  Boozeboom  ('^),  to 
whom  physical  chemists  ows 
so  much,  has  lately  investi- 
gated it,  and  M.M.  Van 
Eyk,  Reinders,  and  Hissink 
have  verified  his  views 
in  the  case  of  certain  mix- 
tures of  two  salts.  It 
seems  very  desirable  that 
students  of  alloys  should 
begin  to  work  in  the  light 
Atomic  percentage.  "f     this    theory.      An    at- 

tempt    will     therefore    bs 
made  here  to  state  Roozeboom's  view  in  the  simplest  case  he  gives. 

For  this  purpose  we  must  look  again  at  fig.  1,  the  curve  for  a  pair  of 
metals  which  neither  combine  chemically  nor  form  mixed  crystals.  Here 
the  region  above  the  curve  corresponds  to  liquid  states,  the  line  of  the 
curve  to  equilibrium  between  a  liquid  and  crystals  of  a  for  the  left  branch 
and  B  on  the  right  branch ;  the  region  below  the  curve,  but  above  the 
angle,  to  mixtures  of  solid  a  or  b  with  varying  liquids  ;  and,  finally,  all  the 
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region  below  the  eutectic  angle  to  solid  conglomeratei)  of  separate  crystals 
of  A  and  B.  The  range  of  temperature  between  the  first  appearance  of 
crystals  in  a  liquid  alloy  and  its  complete  solidification  is  measured  by  the 
vertical  line  drawn  from  a  point  on  the  curve  to  the  level  of  theeutectic  point. 

Let  us  now  suppose  thai  the  two  metals,  which  we  will  still  call  A  and 
B,  can  form  mixed  crystals  in  all  proportioos.  According  to  Roozeboom 
there  will  be  no  angle  of  intersection  of  the  two  curves,  but  the  freezing- 
points  of  A  and  B  will  be  joined  by  a  continuous  curve,  the  points  on 
which  correepond  to  exactly  saturated  liquids.  He  calls  this  the  '  l  '  or 
'  liquid  '  curve.  But  also  starting  from  the  freezing-points  of  a  and  B, 
and  lying  under  the  '  l  '  curve,  a  continuous  curve  can  be  drawn  giving 
the  composition  of  the  mixed  crystals  that  form  at  each  temperature.  He 
calls  this  the  's'  or  'solid'  curve.  The  case  is  represented  in  fig.  7, 
which,  together  with  figs.  8  and  9,  is  taken  from  his  paper.  To  find  what 
happens  at  a  particular  temperature,  draw  a  horizontal  line  cutting  the 
*  L  '  curve  in  n  and  the  a  curve  in  o.  These  two  points  of  intersection 
give  the  composition  of  the  two  phases  that  can  exist  together  at  the 
temperature  of  the  horizontal  line.  In  fig.  7  n  gives  the  composition  of 
the  liquid  that  when  it  begins  to  freeze  deposits 
mixed  crystals  of  the  percentage  o.  Fio.  7. 

The  complete  process  of  freezing  can  now  m 

be  stated.  Draw  through  n  a  vertical  line 
mnq  z  cutting  the  l  curve  in  n  and  the  s  curve 
in  q.  Then  n  and  all  points  above  it  correspond 
to  uniform  liquid,  q  and  all  points  below  it  to  a 
uniform  mass  of  mixed  crystals  (not,  as  in  fig.  1, 
to  a  conglomerate  of  crystals  of  a  and  b).  The 
temperature  range  daring  freezing  is  n  g,  and  ^ 
during  the  process,  if  perfect  equilibrium  is 
ensured,  the  solids  formed  undergo  continuous 
transformation  from- the  composition  o  to  that  , 

of  q,  while  the  liquid  remaining  at  any  moment  Conc 

changes  from  n  to  ^,  where  p  is  the  intersection 

of (l  by  a  horizontal  through  q.  Thus  all  the  areas  shaded  vertically  repre- 
sent homogeneous  states — above  l  of  a  liquid,  below  s  of  homogeneous 
crystals.  Tlie  part  between  i.  and  a,  shaded  horizontally,  represents  states 
in  which  a  solid  is  mixed  with  a  liquid. 

The  L  and  a  curves  may  have  a  maximum  or  a  minimum,  in  both  of 
which  cases  they  touch  each  other  at  the  maximum  or  minimum  point,  as 
in  figs.  8  and  9. 

The  liquid  whose  composition  is  that  of  the  maximum  or  minimum 
will  solidify  completely  at  one  temperature.  Hence  in  the  case  of  the 
maximum  one  might  mistake  the  solid  for  a  definite  chemical  compound, 
and  in  the  case  of  a  minimnm  for  a  eutectic  mixture.  One  must  remember 
that  the  diagram  need  not  stand  for  the  whole  freezing-point  curve 
of  two  elements,  but  for  the  horizontal  space  between  the  two  points 
corresponding  to  compounds,  and  we  can  treat  the  compounds  themselves 
aa  the  components  of  the  mixed  crystals.  Our  copper-tin  curve  probably 
shows  such  a  case  in  the  region  between  Gu^Sn  and  Cu,Sn. 

These  considerations  point  to  a  great  danger  in  the  interpretations  of 
the  minor  details  in  complicated  freezing- point  curves  such  as  those  of 
Kuraakov,  Gautier,  and  our  AuAI  curve.  Given  perfect  equilibrium 
transformations  during  cooling,  it  should  be  fairly  easy  by  appropriate 
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experiments  to  discriminate  between  a  summit  due  to  the  existence  of  a 
chemical  compound  and  one  due  to  the  form  of  a  mixed  crystal  curve.     Id 


such  cases  as  Kumakov's  NaHgg  and  KHg,,  our  AujAl,  and  Roberts- 
Austen's  AdAI],  where  the  formula  of  the  summit  ia  an  exact  and  simple 
one,  there  can  be  little  doubt.  A  microscopic  examination  of  the  summit 
alloy  might  not  help,  but  that  of  alloye  at  some  distance  on  either  side 
of  the  summit  ought  to  settle  the  matter.  If  they  are  homogeneous,  give 
a  uniform  ignition  colour,  and  etch  all  over  at  the  same  rates,  the  summit 
must  be  due  to  mixed  crystals  ;  while  if  the  alloys  show  primary  crystalli- 
sation embedded  in  a  mother  substance,  the  primary  crystals  continually 
decreasing  in  amount  as  we  go  down  the  curve,  the  summit  is  probably  a 
compound.  This  is  the  structure  we  found  near  the  two  summits  of  the 
AuAl  curve. 

But  Roozeboom  points  out  as  the  best  method  of  attacldng  such 
questions  the  two  following  series  of  experiments  :  (1)  Determine  not 
only  the  freezing-point  of  each  alloy,  but  also  the  temperature  at  which  it 
sets  to  a  solid  mass.  From  these  data,  both  of  the  curves  l  and  s 
could  be  plotted.  The  setting-point  would  probably  not  be  very  sharply 
marked,  but  a  recording  pyrometer  would  indicate  its  whereabouts  by  a 
greater  rapidity  in  cooling  after  the  point  was  passed.  Cooling-curves 
such  as  those  of  Sir  W.  Roberts- Austen  might  be  mode  to  give  the 
information  needed  for  plotting  the  s  curve.  We,  in  a  very  imperfect 
way,  sought  for  the  setting- points  in  determining  our  AuAl  curves,  but 
found  instead  the  usual  horizontal  lines  of  second  freezing-points.  The 
existence  of  these  renders  mixed  crystals  improbable. 

The  other  line  of  research,  adopted  by  Beiuders  and  Van  Eyk  and 
Hiasink,  is  to  extract  the  first  crystals  that  form  and  analyse  them,  as 
well  as  the  mother  liquor  from  which  they  were  taken.  If  this  were  done 
for  alloys  on  either  side  of  a  summit  due  to  a  compound,  we  should  find 
the  crystals  having  all  the  same  composition — namely,  that  of  the  com- 
pound ;  while  if  the  summit  were  due  to  the  existence  of  mixed  crystals, 
the  solids  extracted  from  alloys  of  various  compositions  would  differ  widely. 
There  can  be  no  doubt  that  this  process,  troublesome  though  it  would  be, 
is  the  proper  way  to  attack  the  interpretation  of  a  complicated  freezing- 
point  curve. 

A  few  cases  out  of  many  may  be  mentioned  where  mixed  crystals  are 
probable  in  alloys  ;  between  CujSn  and  Cu48n,  in  lead-thaJlium  alloys, 
m  bismuth-antimony,  in  gold-silver,  in  alloys  containing  zinc  or  cadmium 
with  either  silver,  copper,  or  gold. 

A  careful  study  of  some  of  these  cases  is  probably  the  most  pressing 
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need  at  present  in  iatermetallic  chemistry.  The  difficulty  of  this  sabject, 
whether  we  nse  the  freezing- point  cnrre  or  the  microscope,  is  inomaaed 
b;  the  uncertainty  m  to  the  maintenance  of  perfect  equilibrium  at  each 
stage  of  the  cooling. 

MicroBCOpic  Examination. 

Osmond,  Gharpy,  and  Stead  have  shown  as  how  much  light  the  micro- 
scope throws  on  our  subject. 

The  microscopic  examination  of  the  pattern  shown  by  the  polished 
surface  of  an  alloy  that  has,  if  necessary,  been  etched  or  heated  to 
produce  oxidation  colours  seems  to  bring  us  nearer  to  the  phenomena 
than  other  methods  of  experiment.  It  is  often  quite  easy  to  determine 
which  crystab  formed  first  in  the  freezing  (the  primary  crystallisation), 
but  there  are  certain  types  of  pattern  that  are  very  puzzling.  Among  the 
points  calling  for  an  answer  are  the  following  : 

1.  Does  the  existence  of  coated  crystals,  such  as  one  finds  in  ganmetal 
and  also  bronzes  containing  more  tin  than  CugSn,  indicate  the  existence 
of  a  second  compoundl  l^e  answer  is.  Yes,  in  some  cases — for  example, 
in  the  AuAl  curve  and,  as  Mr.  Stead  thinks,  in  the  bronzes  rich  in  tin, 
where  the  CugSn  cryHtals  are  coated  with  CuSn.  M.  Le  Chatelier  has 
lately  pointed  out  that  in  all  such  cases  the  solid  alloy  is  not  in  equili- 
brium and  that  the  efibcts  of  annealing  will  generally  be  great. 

2.  Can  the  existence  of  series  of  mixed  ciystals  be  detected  by  the 
microscope  1 

M.  Cbarpy  and  Mr.  Stead  both  describe  a  similar  structure,  and  are 
disposed  to  attribute  it  to  this  cause. 

3.  How  far  will  the  microscope  supplement  the  very  meagre  indica- 
tions that  the  curve  sometimes  gives  of  a  compound  1 

Ab  an  answer  one  can  take  the  portion  of  our  copper-tin  freezing-point 
curve  (fig.  10)  between  Cu,Su  and  Co,3n.  The  curve  is  almost  straight, 
the  swelling  (one  cannot  call  it  a  summit)  corresponding  to  Cu^n  b^ng 
very  slight.  But  the  microscope  shows  Gti^Sn  as  a  homogeneous  body, 
whDe  alloys  with  a  little  more  tin  show  new  crystals  embedded  in  this 
and  sharply  separated.  These  new  crystals  increase  as  we  add  more  tin, 
until  at  Cu^n  they  fill  the  whole  alloy  ;  thus  the  microscope  is  here  much 
more  decisive  in  its  indications  than  the  curve. 


Riintgen-ray  Pkotograpliy, 
Skiagraphs  of  thin  sections  of  alloy  which  contain  one  transparent 
metal,  such  as  sodium  or  aluminium,  and  one  metal  more  opaque,  some- 
times give  fine  views  of  the  crystals  in  the  alloy.  This  method  has  the 
advantage  of  showing  the  structure  of  the  alloy  as  it  is  before  any  etching 
or  other  reagent  has  modified  it.  The  two  photc^raphs  shown  were  taken 
some  yean  ago  by  Mr.  Heycock  and  myself.  The  first  is  aluminium 
alloyed  with  ten  per  cent,  of  antimony.  One  sees  that  a  heavy  componnd 
has  crystallised  out  first.  This  is  in  harmony  with  M.  Qautier's  curve 
which  presents  no  branch  along  which  primary  crystals  of  aluminium 
could  form.  If  a  series  of  such  photographs  had  been  taken  with  increas- 
ing peroentages  of  Sb,  we  might  have  been  able  to  locate  tlie  percentage 
at  which  the  compound  was  pure.  _^ 
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The  other  photograph  is  one  of  alumiDium  containing  ten  per  cent,  of 
nickel.  Ooe  seea  that  an  opaque  body  has  again  crystallised  first  The 
varying  thickness  of  some  of  the  crystals  gives  them  an  effect  of  solidity 
which  is  absent  from  a  surface  photograph. 

Unfortunately  the  alloys  have  to  be  very  slowly  cooled  in  order  to 
obtain   large   crystals. 
FiQ.  10.  Magni6cation      during 

the  process  of  taking 
the  skiagraph  is  clearly 
impossible,  and  as  the 
figure  on  the  plate  is 
not  a  real  optical  image, 
but  a  shadow  from  a 
radiant  point  of  finite 
size,  it  is  not  sharp 
enough  to  bear  great 
magnification  after- 
waras.  The  method, 
however,  is  capable  of 
doing  more  than  it  has 
done  yet.  It  was  first 
successfully  carried  out 
by  Mr.  Heycock  and 
shown  by  him  in  a 
lecture  at  the  Boyal 
Institution. 

Meetrieal  Methods. 
Herschkowitz  ("), 
following  liAurie  ("), 
has  compared  the  elec- 
trical potential  of  a 
number  of  binary  al- 
loys with  that  of  the 
more  positive  metal 
contained  in  each  alloy, 
the  electrolyte  being 
always  a  salt  of  the 
more  positive  metal 
dissolved  in  water. 

From       theoretical 
considerations  he  con- 
cludes that  when    the 
solid  alloys  contain  only 
theiu'c^".  --  .  -  separate  crystals  of  the 

two  metals  A  and  B,  the 
potential  of  all  the  alloys  will  be  that  of  the  more  positive  metal  a 
(a  point  practically  proved  by  Laurie's  experiments),  so  that  if  we  plot  the 
composition  of  the  alloys  horizontally,  and  their  potential  referred  to  that 
of  A  vertically,  we  shall  get  a  horizontal  straight  line ;  this  is  realised 
in  the  pair  Cd-Bi.     If,  however,  the  two  metals  mutually  dissolve  each 
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other,  but  to  a  limited  extent,  the  curve  will  show  a  depression  as  we 
leAve  pure  a,  &  flat  for  alloys  contaiaiDg  two  conjugate  solid  phases  each 
a  saturated    solution   of   one 

metal    in    the    other,    and   a  PiQ<  H- 

further  depression  as  we  ap- 
proach pure  B.  If,  however, 
compounds  of  A  and  b  exist, 
that  one  nearest  in  composi- 
tion to  A  will  be  indicated  hj  . 
a  marked  fall  in  the  potential 
as  we  reach  its  formula  in 
going  from  A  to  B  along  the 
curve.  Hegives  experimental 
curves  showing  that  this  la 
the  case   with   the  following 

ZnCu  at  ZhjCu. 
ZnAg  at  Zn,Ag. 
ZnSb  at  ZnSb^ 
SnCu  at  SnCu, 
SnAg  at  SnAgr  ^ 

The  curves,  four  of  which 
are  reproduced  in  this  report 
(fig.  11),  show  that  the  phe- 
nomena are  well  maraed. 
The  numbers  in  the  figures 
running  from  left  to  right 
are  atomic  percentages  of  the 
metal  whose  symbol  is  on  the  i"  - 
right  of  the  figure. 

If  we  compare  Herach- 
kowitz's  SnCu  curve  with 
our  freezing-point  curve  for 
the  same  metallic  pair  in 
which  the  indication  of  the 
existence  of  SnCu,  is  of  the 
slightest  kind,  we  see  how 
very  useful  the  method  may 
be  in  detecting  compounds. 
It  appears,  however,  that 
only  one  compound  of  each 
metal  pair  is  likely  to  be 
indicated  by  the  method.  It 
is  probable  that  the  method, 
if  it  can  be  carried  out  accu- 
rately, will  give  UB  valuable 
indications  as  to  the  solubility 

of  one  metal  in  the  other  in  the  solid  state — a  point  on  which  both  the 
microscope  and  the  freezing-point  curve  are  ambiguous.  Although  Laurie 
was  the  originator  of  this  method,  the  work  of  Herschkowitz  has  been 
quoted,  BS  it  is  more  recant  and  founded  on  a  clearer  theory. 
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H«at  of  Formation. 

It  is  probable  that  if  tvo  metals  form  coiiipoimds  whose  heat  cS 
formatioD  is  coDsiderable,  whether  positive  or  negative,  and  if  we  could 
determiDe  the  heat  of  formation  of  a  series  of  binary  alloys  of  these  two 
metals,  we  should  find  a  maximum  or  a  minimum  heat  evolution  at 
formula  corresponding  to  those  of  the  compounds.  Hetschkowitz  has 
attempted  to  find  these  heats  of  formation  by  dissolving  first  tJie  metals, 
then  ^e  alloy,  in  a  solution  of  bromine  and  KBr  in  water,  and  taking 
the  difference  as  the  heat  of  formation  of  the  alloy.  Bnt  his  results, 
.  though  not  unpromising,  do  not  yet  throw  much  light  on  our  subject. 
One  objection  to  his  method  lies  in  the  necessity  of  crushing  his  metals 
and  alloys  to  ensure  rapid  solution  in  the  calorimeter.  Now,  as  Hr. 
Koeenhain  has  pointed  out  to  me,  it  is  certain  that  the  crushed  alloy, 
each  fragment  of  which  ha«  been  strained,  possesses  more  energy  than  it 
did  before  crushing,  and  this  may  be  quite  important  as  comptu«d  with* 
the  small  heats  of  formation  observed. 

Qnlt  C*)  and  other  workers  have  followed  similar  methods,  but  the 
solvent  (nitric  acid)  used  by  him  does  not  seem  a  safe  one,  as  the  gaseous 
products  of  solution  may  be  so  varied  that  one  c^n  feel  no  certainty  that 
the  final  state  was  the  same  in  the  solution  of  the  metals  and  of  the  alloy. 
In  Tayler's  (**)  method  of  dissolving  the  metals  and  the  alloy  in  mercury 
there  is  not  this  danger,  but  tlie  applicability  of  the  method  is  more 
limited. 

EUctric  CondvfClivUy  qfAUoya. 
Since  MatthiessoD  and  Wiedemann  studied  the  remarkable  changes  in 
conductivity  produced  by  alloying  two  metals,  this  eubject  has  been  one 
of  great  interest.  But  it  is  doubtful  if  research  in  this  direction  will 
help  us  much  in  detecting  the  existence  of  compounds.  For  the  increase 
in  resistance  due  to  alloying  two  metala,  while  partly  due  to  the  Peltier 
effects  at  the  innumerable  surfaces  of  contact  of  the  crystals  forming  the 
alloy,  is  also  due  to  th9  mechanical  discontanuities  and  gaps  which  exist 
in  alloys.  It  would  be  very  difficult  to  distinguish  quantitatively  between 
the  effects  due  to  the  two  causes.  The  impossibility  of  drawing  many 
alloys  into  wire,  and  the  changes  caused  by  drawii^  those  which  are 
ductUe,  also  limit  and  complicate  this  method  of  research. 


Table  of  IntermetoUie  Cotnpoutidv. 
Column  2  contains  the  presumed  formidaof  the  compound.  Column  3 
indicates  the  kind  of  evidence  on  which  the  formula  is  based.  In 
column  3  the  letters  F.P.C.  stand  for  freezing-point  curve ;  I.  for  the 
fact  that  the  body  has  been  isolated  and  analysed  ;  M.  for  microscopic 
proof  ;  E.M.F.  for  determinations  of  electromotive  force,  such  as  those  of 

Column  4  gives  the  name  of  the  experimenter,  and  a  number  referring 
to  the  table  of  references,  which  is  placed  at  the  end  of  the  report.  The 
more  uncertain  formula  are  placed  in  brackets.  Each  alloy  occurs  twice 
in  the  table. 
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NaHg, 

F.P.O. 

Knrnakov  (••) 

NaCdl 

Na,Pb 

i'. 

Joanni's  (') 

NtliBi 

F.P.C. 

Kttmakov  (i») 
JoudU  C),  Lebeau  (■) 

Ha^b 

NB,Af 

Leb^n  (■) 

Na,8n 

KHg, 

F.P,C. 

Ku^akoT  (") 

KPb 

]. 

JooddIb  <•) 

igfib 

F.P.C, 
A  mineral 

Heycock  and  Neville  (") 

il. 

Charpy  (•) 

Agisn 

Ag,Bii 

E.M.F. 

Harslihkowilii  (") 

Ag^l 

F.P.C. 

Gaatier  (") 

(AK.Cd) 
(Ae,Cd> 

F.P.C.  of  ter.  1 
nary  alloy    J 

Hajoock  and  Neville  (') 

Zn.Ag 

E.M.F. 

Herechkowiti  (<>) 

ZnJcS 

i. 

U  Chatelier  (•) 

M. 

Charpy  C) 

Zii^b 

E.M,F. 

Hewobkowiti  {") 

AnCd 

I. 
F.P.C.  ternaiT 

Heyoock  and  NeviUe  (') 

CcC'Na 

F.P.C. 

KumakoT  (") 

&.! 

F.P.C.  of  ter- 
naiyalloja 

j  Heycock  and  Neville  (') 

Hg,Na 

F.P.C. 

Komakov  (") 

Hf.K 

Co^b 

F.P.C. 

Le  Chatelier  (•) 

CD^n 

I.' 

Le^atelier  (•) 

E.M.F. 

CnAl, 

F.P.C. 

Le  Chatelier  (") 

Cd.AI 

AIJAh 

F.P.C'.'&  M. 

Itoberts-AuBtenf") 

(aKu) 

.. 

Heycock  and  Neville  («) 

AlAn, 

<Al.Au.) 

„           1, 

(AlAu.) 

Al,Cu 

Le  Chatelier  (") 

AlCu, 

AlAg, 

GantierO*) 

A18b 

"l- 

Wright 

AsNa, 

I. 

Lebean  (•) 

AV5n. 

I. 

Stead  {') 

SbSa, 

r. 

JoanniB  ('),  Lebean  (■) 

SbAg, 

F.P.C. 

Hoycock  and  Neville  (") 

SbCn, 

Le  ChateUer  (») 

il. 

Charpy  (•) 

SbSn 

I.  and  M. 

Stead  (') 

Sb^n 

K.M.F. 

HerschkowiU  (") 

SbAl 

F.P.C. 

Gaatier  (") 

BiNa, 

Kuroakov  (") 

I. 

Joannis  (') 

{Au.Al) 

F.P.C.  &  M. 

Heycock  and  Neville  (») 

Au,Al 
(AnAl) 

;;      ;; 

"                 ."      ^ 
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IntermebUUe 


An 

AnAl, 

F.P.C.  k  M. 

RobertB-Aosten  («) 

An,Pb 

M.  and  I. 

An,Pb, 

M. 

8n 

SnNa. 

I. 

Lebetta  (■) 
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1 

Pt 

PtSn, 

" 

1 

It  would  be  very  easy  to  amplify  this  Hat ;  for  esample,  varioDB  other 
arsenidea  and  antimooidee  have  had  formula  assigned  to  them,  and  aomo 
alloys  of  aluminium  and  tin  with  the  rarer  metals  appear  to  have 
been  isolated  as  crystals.  Further  research  will  no  donbt  enormously 
expand  it,  though  it  may  also  cause  the  rejection  of  a  few  that  have  been 
included. 

Bat  as  the  list  now  stands  it  offers  matter  for  the  consideration  of  the 
student  of  valency.  One  sees  that  the  compounds  of  the  metalloids  with 
the  metals  present  formnlsB  that  we  should  expect  from  the  known 
valencies  of  the  elements,  but  such  bodies  as  KaHg^  SoCu,,  AlAg,  are 
more  remarkable.  The  first  of  these  ia  evidently  a  well-marked  type, 
which  already  occurs  several  times. 

If  I  rightly  understand  Professor  Kumakov,  he  thinks  tb&t  Mendel^f  s 
law  of  the  total  valency  of  an  element  for  oxygen  and  hydrogen  being 
8  will  find  application  in  the  formulae  of  alloys,  the  hydrogen  being 
replaced  by  other  metals.  In  this  case,  the  alkali  metala  which  are 
monovalent  to  oxygen  should  be  polyvalent  in  alloys  ;  his  curves  certainly 
support  this  view.  The  freezing-point  curves  show  that  the  most  marked 
summits— that  is,  the  most  stable  compounds — occur  when  a  strongly 
positive  metal,  such  as  sodium  or  aJuminium,  is  alloyed  with  a  metal,  such 
as  antimony,  lead,  or  gold,  which  is  far  removed  from  it  in  the  electro- 
chemical series. 

T/ie  Molecular  Weights  of  Metals. 

With  the  exception  of  the  limited  number  of  vapour-density  determi- 
nations which  show  that  mercuiy,  cadmium,  and  zinc,  and  perhaps  also 
sodium  and  potassium,  have  monatomic  molecules  when  gaseous,  the  only 
evidence  as  to  the  molecular  weights  of  metals  lies  in  sxperimenta  baaed 
on  Baoult's  methods. 


ON  THE  CHEMICAL  COMPODNDS   COSTAlIfED  ITf  ALLOTS.  147 

Professor  Ramsay  a,nd  M,  Tammann  in  1890  showed  that  small 
qnantitiee  of  varions  metals  dissolved  io  mercuiy  gave,  for  the  moat  part, 
dc^resaioDs  of  the  vapour-pressare  and  of  the  f  reeziDg-point,  which  indi- 
cated that  the  dissolved  molecule  contained  one  atom  of  the  added  metal. 
At  the  same  time,  Mr.  Heycock  and  I  found  that  this  was  in  general  true 
when  metals  were  dissolved  in  tin.  At  later  dates  we  extended  the 
generalisation  to  solutions  of  metals  in  the  solvents  bismuth,  cadmium, 
lead,  and  zinc,  and  tables  summarising  our  results  are  reproduced  in  the 
present  report.  If  we  could  be  certain  that  the  dissolved  metal  did  not 
form  a  chemical  compound  with  the  solvent,  these  results  would  afford 
Teiy  strong  grounds  for  holding  that  the  molecules  of  the  dissolved  metals 
were  in  most  cases  monatomic.  But  we  know  now  that  chemical  com- 
bination is  not  uncommon,  and  it  is  evident  that  in  dilute  solution  the 
dissolved  metal  a  will  tend  to  form  compounds  of  the  tjpe  a  b„,  where  B 
is  the  solvent.  Hence  the  problem  of  the  chemical  compounds  formed  by 
metals  with  the  solvent  metal  must  be  solved  before  we  can  safely 
dogmatise  concerning  the  molecular  weight  of  the  metals  when  insolutios. 
To  take  a  special  case,  one  atom  of  copper  dissolved  jn  tin  produces  the 
molecular  depression  of  the  freezing-point,  but  from  Mr.  Stead's  work  we 
have  good  reason  to  attribute  this  to  the  presence  of  a,  molecule  CuSn. 

On  the  other  hand,  the  abnormal  depressions  obtained  by  us  in  certain 
cases  point  to  the  probability  of  the  compounds  Bi^Asg  BI^CUb  Cd,Hg9 
Cd,ZnB  Cd.Pd„  Cd.K„  Cd„Anj,  Cd.A%  Pb.(Cd,  B^  Bi),,  Pb.Sn„ 
Fb,Na«  most  o{  which  have  not  at  present  been  studied.  It  Is  obvious 
that  n  may  be  zero  in  any  of  these. 

The  question  of  the  depression  of  the  freezing-point  in  dilute  solutions, 
is,  however,  complicated  by  the  probable  appreciable  solubility  of  the 
dissolved  metal  in  the  solid  crystals  of  solvent,  and  by  all  the  thermal 
difficulties  that  Nernst  and  Abegg  have  discussed. 

The  fascinating  question  as  to  the  conditioii  of  association  or  dis- 
sociation of  the  molecules  of  the  compounds  when  melted  or  in  solution 
also  comes  in  when  we  attempt  to  interpret  our  tables,  or,  indeed,  when 
we  examine  any  freezing-point  curve.  But  it  is  possible  to  study  inter- 
metallic  compounds  without  touching  this  question,  and  ia  the  present 
T«port  I  have  thought  it  best  to  do  so. 

The  vast  subject  of  ternary  and  more  complex  mixtures  has  also  been 
avoided  as  too  complex  for  the  present  purpose,  although  Behrens, 
Btead,  and  especially  Gharpy,  have  made  most  interesting  studies  of  such 
mixtures. 

I  have  to  thank  Mr.  Heyeock  for  continued  assistance  in  drawing  up 
this  report.  I  have  also  to  thank  Mr.  Stead  and  Professor  H.  Le  Chatelier 
for  vftlnable  information  and  valuable  references., 

J)epreasion  of  the   Freezing-point   of  the   MeUda   Tin,    Zinc,    Bismuth, 
Cadmium,  and  Lead,  caused  by  the  Solution  of  Small  Quantities  of 
other  Metals. 
The  theoretical  molecular  depressions  are  calculated  from  the  latent 

beat  of  fusion  by  means  of  the  formula 


where  0  is  the  freezing-point  of  the  pure  metal,  cO  the  cIepreBsion,'and 
Xthe  latent  heat  of  fusion.  CiCKSqIc 
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Table  I.— Tin  at  Solvent. 
Atomic  Falls  for  a  Concentration  of  under  one  Atom, 


SUver    .         . 

.         .  2-93 

Oold     . 

.        .  293 

T       Tl^^      .' 

.  2-91 
.         .  2-86 

4     ;■ 

^-      Sodium 

.        .  2-84 

2  Bipta.  conon,  1—8  atoms 

.  2-78 

.  2-78 
.        .  3-76 

Zinc      . 

.  2-64 

Cadmium] 
,,       Marcury 
"■      Biamuth 

.  243 
.  239 

.  2-40 

3  expeiimenu. 

.Calcium 

.        .  2-40 

2 

HI.  1?!!*^,:    • 

.  I'sa 

G  experiments. 

'   \Alaminlam 

Theoretical  Molecular  Depression = 3°  C. 
Tablb  II. — Zinc  as  St^veni. 


MetaL 

cantftge. 

Mean  atomio 
peroentagB. 

Mean 

Mean  atomio 

Bismuth  .... 
Antimony 

ttom  onrve 
Lead        .       .        .       . 
Tballinm. 
Tin 

as-  :    : 

Alaminiam      .       .       . 

<yX66 
0-T99 
0500 
0-2C0 
0393 
1-187 
0975 
1-4114 
0-99 

0-2075 
0-4377 
0-500 
0-150 
0-2695 
O'GGG 
0  655 
0-733 
0-99 

1052= 

2-247 
8-60 
0-78 
1-285 
3-497 
9-G72 
3-377 
4-10 

6-07 
513 
(6-20) 
B-20 
4-95 
6-3* 

e-ic 

4-61 
(414) 

Theoretical  Molecular  DeptessioD  =  G'I3°  C. 
Tablb  lU.—Bimtutk  a 


No.  of 

No.  ot  atoms  per 

Mean  atomio 

100  atoms  Bi. 

1-1—1-76 

2-1 

2 

03—0-9 

Mercury        .... 

0-3-4-3 

2-04 

4 

0-16- 2-2 

Palladium      .... 

4 

0-9-2-2 

2-03 

6 

0  2-1-3 

2-02.    Steady. 

4 

1-0—40 

0  4-1-3 

197 

Sodium 

3 

0-8- 4-0 

1-94.    Steady. 

» 

0-7-2-6 

4 

1-3— 4-8 

1-6 

0 

0-23—0-6 

1-23 

Arsenic 

G 

0-25— 2-3 

atcady. 

It  is  noticeable  that  arsenic 

both  in  bismuth  and  cadmium  giros  i  fall. 

Antimony     .... 

3         1      0-23—1-0         1        2-79.    Biee. 

Theoieti(»l  moleonlar  deptessioD  •>  Z'O) 
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Table  IV.—Qidmttm  a*  Solvent. 


Sodiam 
Lead  . 
Thallinm 
Copper  , 


PalUdium 
Potaisiam 
Gold      . 
Aisenic 
Silver    , 


0.  ol  stoma  nei 
100  atoms  Cd. 

Mdwi  fttomio  ds- 

premoD. 

O-3-0'5 

4  71  M. 

0-08— 0' 13 

*65 

006— 0-5 

4-58 

2-2-3S 

4-09 

0-66— !-6 

4-48 

0-6- 13 

4-44 

0-84-1* 

4'4 

0'24-  1-28 

4-34  M. 

02-2-0 

3-6.    NofoUiDg 

0-23-0'68 

277 

006— 1-6 

2-72.  No  faJling 

013-0  ae 

2-36 

0-5— OG 

2  26U. 

014— 0-7 

1'48 

02 

1-6 

DOS 

933.    Bise. 

TheoTetical  molecolai  depTeasionx4'G°  C. 
Table  V. — Lead  at  Solvent. 


No.  ol  atomg  pm 
100  atomi  ot  Fb. 

1  sipenmenti. 

preBBion, 

Gold      .         .        . 

1            4 

033-2-7 

6-46.     Steady, 

Palladium 

1            3 

0-B2— 1-8 

6  4fl 

0-2— 1-4 

6'4S 

Platinum 

I            4 

015— 0-6 

642 

Copper  . 

0-1- O105 

6-16 

0-38— 4  9 

5-33 

Uagnedam 

1-6 

4-56 

1            4 

0-6- 4-7 

3-9.      BWady. 

OS— 61 

3-6:1 

Sleftdj. 

Hercniy 

073-6-7 

3'31 

JHgr 

Biamath 

0-23- 48 

BMady. 

Tin 

:l      I 

0-4—1-8 

60-9-0 

1-8 
1-6 

iSn,. 

Sodiam 

- 

1 

Th 

Mret 

epre8sioii=6-6">C. 
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Bibliography  of  Spectroscopy. — Beporf  of  the  Committee,  coamtiing  of 
Professor  H,  McLeod,  Professor  Sir  W.  C.  Roberts-Austen,  Mr. 
H.  G.  Madan,  and  Mr.  D.  H.  Nagel. 

The  vork  of  collecting,  verifying,  and  systematically  arranging  the  titles 
of  papers  bearing  on  spectroscopy  has  been  steadily  carried  on  during  the 
past  year  ;  and  the  Committee  ask  to  be  reappointed  for  one  more  year, 
with  the  intention  of  presenting  to  tbe  Association  at  its  next  meeting 
the  final  instalment  of  tbe  '  Catalogue  of  Spectroscopic  Literature,'  com- 
menced in  1670,  It  is  proposed  to  end  the  catalogue  with  the  present 
century,  since  the  very  satisfactory  character  of  the  proceedings  at  the 
last  conference  of  tbe  delegates  appointed  to  arrange  the  compUation 
of  an  International  Catalogue  of  Scientific  Papers  seems  to  warrant  the 
oonclnsion  that,  as  from  January  1,  1901,  the  services  of  the  Committee 
win  be  no  longer  needed. 
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ABSOBPnolt  SPECTRA  AND  CHEHICAl   CONSmUTIOH. 


Absorption  Spectra  atid  Okenuaal  OonslitiUion  of  Organic  Svhstances. — 
Inierim  Report  of  the  0om,m\tl6e,eoneiitmg  of  Professor  W.  Noel 
Hartley  (Chairman  and  Secretary),  Profeasor  F.  B,  Japp,  and 
Profeaaor  J,  J.  Dobbie,  appointed  to  investigate  the  Relation 
between  the  Absorption  Spectra  and  Chemical  Comlitution  of  Organic 
Sid>stancee. 

Foub  infono&l  meetinga  have  been  held  daring  the  year,  and,  ai 
much  work  is  still  in  progress,  it  haa  been  considered  desirable  that  an 
interim  report  of  that  which  has  been  completed  should  be  presented. 
This  consista  of  fire  commonicationa  published  hy  the  Chemical  Society 
in  their  '  Transactions '  since  March  last.  Two  of  these  deal  with  the  sub- 
ject of  tantomerism  and  one  with  stereo- isomerism.  The  fourth  is  a 
study  of  ammonia  and  its  derivatives,  of  hydroxylamine  and  oximes ;  and 
the  fifth  an  examination  of  some  closed-chain  compounds  one  of  which 
contains  two  nitrogen  atoms.  Details  of  the  measurements  of  the  spectra 
are  omitt«d  from  this  report  for  the  sake  of  brevity.  In  connection  with 
the  nitrogen  compounds  a  brief  abstract  of  a  previous  pubhcation  has 
been  included.  It  is  ut  interest  because  it  leads  towards  the  conclusion 
that  there  are  two  distinct  classes  of  albuminoids,  some  of  which  have 
long  been  known  to  act  as  enzymes  or  soluble  ferments  towards  the 
carbohydrates. 

Speelrographic  Studies  in  Tautomerism. 

1.  Absorption  Curves  of  the  Ethyl  Bsters  of  Hibenaot/lsuceinic  Acid.^ 

According  to  theory,  thirteen  isomerides  of  diethyl  dibenzoylsnccinate 
have  a  possible  existence,  but  only  three  have  bo  far  been  prepared  and 
studied.  On  chemical  grounds  Knorr  ^  regards  one  of  the  three  as  on 
enolio,  and  the  other  two  as  ketonic  esters.  He  assigns  to  the  enolic  or 
a-ester  the  constitutional  formula 

CPh{OH):CM)0,Et 

CPh(OH);C-CO,Et 

without  deciding  which  of  the  three  possible  stereo-isomeric  modifica- 
tions of  Hob  formnla  represents  the  substance  examined  by  him.  The 
two  ketonio  esters  are  structurally  identical  but  configuratively  different. 
To  one  of  them,  which  be  designates  the  pata-  or  /)-ester,  Knorr  assigns 
tlie  formula  (a),  and  to  the  other,  which  he  designates  the  meso-,  anti 
or  y-ester,  the  formula  (6). 

H  H 

COjEt-CCOPh  COPhC-COjEt 

(«)  I  (6)  I 

COPhCCOjEt  COPh-C-CO,Bt 

'  Hartle7  and  Dobbie,  Tmnu.  Ckem.  Soe.,  val.  IxxvIL 

,  V,  Go  Ogle 
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A  mixture  of  (h«  (i-  and  y-esben  is  readily  obtained  by  adding  an 
ethereal  eolution  of  iodine  to  the  sodium  derivative  of  ethyl  benioyl- 
acetate,  obtained  by  the  action  of  metallic  sodium  on  an  ethereal  aolatton 
of  the  ester.  The  two  ketonic  esters  are  readily  separated  from  one 
another  by  fractional  crystallisation.  When  either  of  them  is  treated 
nith  sodium  methoxide,  a  yellow  crystalline  meal,  consisting  of  the 
sodiam  derivative  of  the  a-ester,  is  obtained.  The  aqueous  solution  (^ 
this  substance,  when  treated  with  excess  of  dilute  sulphuric  acid  at  the 
freezing  temperature,  yields  the  a-eater,  which  separates  as  a  thick  oil 
possessing  the  colour  of  chlorine  gas.  The  /3-ester,  which  was  first 
described  by  von  Bneyer  and  Ferkin,'  melts  at  128-130",  the  y-ester  at 
75°,  and  the  former  is  less  soluble  than  the  latter  in  mostsolvents.  Both 
esters  are  optically  inactive,  the  ii-«3ter  by  external,  the  y-eater  by 
internal  compensation.  The  ketonic  esters  are  nentreJ  to  litmus,  and 
practically  insoluble  in  cold  dilute  alkalis.  In  their  chemical  properties 
*ey  are  exactly  alike. 

The  a-ester  differs,  both  in  physical  and  chemical  properliea,  from 
the  ketonic  esters.  It  is  an  oily  liquid,  has  a  strongly  acid  reaction, 
and  dissolves  in  cold  dilute  alkalis.  It  gives  a  characteristic  dirty  brown 
coloration  with  ferric  chloride,  which  b  not  shown  by  the  ketonic 
esters,  and  moreover  is  unstable,  gradually  passing  into  a  mixture  of 
the  /3-  and  y-esters  at  the  ordinary  temperature,  the  change  taking  place 
quickly  at  130°. 

f  the  view  put  forward  by  Knorr  as  to  the  relation  of  the  three  esters 
to  one  another  is  correct,  the  0-  and  y-esters  should  give  very  similar, 
if  not  identical,  absorption  curves,  since  stereo-isome rides  which  differ 
only  in  the  configuration  of  their  asymmetric  carbon  atoms  so  far  as  they 
have  been  investigated  in  essential  oils  and  their  hydrocarbons,  are  not 
found  to  difier  either  in  the  amount  or  the  character  of  their  absorption. 
The  a-ester,  on  the  other  hand,  having  a  different  constitution,  should 
exhibit  a  distinct  series  of  absorption  spectra. 

We  have  photographed  and  measured  the  spectra  of  alcoholic  solu- 
tions of  the  three  substances,  and  the  results  obtained  entirely  bear  out 
the  conclusions  arrived  at  by  Knorr  on  purely  chemical  grounds.  The 
spectra  of  the  ketonic  esters  are  identical.  The  amount  of  absorption  is 
considerable,  all  rays  beyond  '/X  2795  being  cut  off  by  a  layer  25  mm. 
thick  of  a  solution  containing  1  milligram -mol.  in  100  c.c.  of  alcohol. 
There  is  also  a  well-marked  band  of  selective  absorption  reaching  from 
V\  3824  to  '/A.  4306  in  a  layer  3  mm.  thick  of  a  solution  containing 
I  mOligram-mol.  of  the  ester  in  2500  c.c.  of  alcohol  This  band  is  very 
persistent,  and  is  still  distinctly  marked  in  a  layer  4  mm.  thick  of  a  solu- 
tion containing  only  1  milligram -mol.  in  12,500  c.c.  of  alcohol. 

The  spectrum  of  the  n-  or  enolic  form  is  quite  different  from  that 
of  the  ketonic  esters.  The  general  absorption  is  greater,  a  layer  S5  mm. 
thick  qf  a  solution  containinE  1  milligram-moL  in  100  c.c  of  alcohol 
cutting  off  all  rays  beyond  '/\  2171.  The  absorption  band  of  t^e 
ketonic  esters  is  altogether  absent,  whilst  a  well-marked  band  makes  its 
appearance  in  a  layer  5  mm.  thick  of  a  solution  containing  1  milli- 
gram-mol.  in  500  c.c.  of  alcohol  between  '/X  2546  and  VX  3148.  Thia 
band  quickly  dies  out,  no  trace  of  it  being  visible  in  a  layer  4  mm.  thick 
of  a  solution  containing  I  milligram -mol.  in  500  c.c.  of  (ucohol. 


>  S«r.  1BS4, 17,  to. 
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The  absorption  curreB  for  the  ketooic  and  enollc  forms  are  shown  in 
the  diitgraiD  on  p.  156. 

When  the  solution  of  the  n'sster  was  allowed  to  stand,  and  photo- 
graphs were  taken  after  successire  intervals  of  time,  the  transition  from 
the  enolic  to  the  ketonic  form  could  be  clearly  traced.  After  an  vntvrva.1 
<(f  irnCy  three  hours,  the  abgorpCion  band  of  the  ewAie  eater  had  almoel 
attirelj/  ditappeared,  tuhiUt  the  amouTtt  of  general  absorption  had  aieo 
a^ipreeiaibly  diminiahed.  Solutions  containing  1  milligram-mol.  in  100 
Mid  500  C.C.  respectively  showed  after  forty-eight  hours  a  great  diminution 
in  the  amount  of  the  general  absorption,  whilst  after  three  weeks  the 
oarve  coincided  almost  exactly  with  that  of  the  /3-  and  y-esters,  as  shown 
on  p.  156. 

The  result  of  this  investigation  exemplifies  the  value  of  the  spectro- 
graphic  method,  and  shows  how  it  might  be  applied  with  advantage 
to  the  investigation  of  similar  cases  of  isomerism  either  to  guide  the 
chemical  investigation  or  to  confirm  the  conclusions  drawn  from  it, 
.  especially  when  any  doubt  exists  as  to  whether  the  isomerism  is  due 
to  a  difference  in  constitution  or  merely  to  a  difference  in  the  arrftuge- 
ment  of  the  atoms  in  space.  The  amonnt  of  substance  required  for  the 
axperimento  is  small,  and  can  generaUy  be  recovered  again  from  the  solu- 
tion. 

The  estera  were  prepared  by  the  method  described  by  Koorr.' 
The  preparation  of  the  fi-  and  y-eaters  offers  no  difficulty :  the 
a-ester  is  only  obtained  when  strict  attention  is  paid  to  all  the  details 
given  by  Knorr.  Two  distinct  preparations  of  each  of  the  ketooic 
esters  and  three  preparations  of  the  a-est«r  were  made.  Each  prepara- 
tion was  photographed  several  times  without  any  difference  being  ob- 
served in  the  photographs  of  the  same  substance.  In  the  case  of  the 
a-ester  the  photographs  were  taken  immediately  after  the  completion 
of  the  preparation,  as  the  change  to  the  ketonic  form  sets  in  almost  at 


II.  A  Study  of  ike  Ab»orption  Spectra  of  o-Oxycarbanil  and  it* 
Alkyl  Derivativet.* 

Hie  substance  o-oxjcarbanil,  C;HtO,IT,  and  its  alkyl  derivatives  form 
a  group  of  compounds  which  stand  in  the  same  relation  to  one  another  as 
ioatin,  carbostyril,  and  their  respective  alkvl  derivatives. 

o-Oxycarbanil  can  be  prepared  by  the  fusion  of  o-aminophenol  hydro- 
chloride with  urea,  or  from  ite  lactim  ether  by  the  action  of  concentiuted 
hydroohloric  acid.^  It  can  also  be  obtained  by  the  distillation  of  o-amino- 
phenyl  ethyl  carbonate.*  Two  ethyl  derivatives  of  o-oxycarbanil  are 
known.  One  of  these  is  prepared  by  bailing  o-ozycarbanil  for  some  time 
under  a  reSux  condenser  with  equivalent  quantities  of  ethyl  iodide  and 
ftlooholic  potash,  the  other  by  the  interaction  of  o-aminophenol  and  ethyl 
iminocarbonate.  The  ethor  obtained  by  the  first  method  is  considered 
to  be  a  lactam,  that  is,  to  have  the  ethyl  group  directly  attached 
to  the  nitrogen  atom,  because  on  heating  for  some  time  with  hydrochloric 
acid  it  takes  up  water  and  decomposes  into  carbon  dioxide  and  the  hydro- 

■  Hartley,  Cobble,  and  Faliatseas,  Traru.  Che«i.  Sue.,  vol.  bcxvU. 

■  Banirnvj^T,  Ber.,  1886,18,  2660.  •  Bender,  .9«r.,  1686/ W.SM^i 
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chloride  of  ethyl  o-ammophenol.     Its]  structural  formula  is  therefore 
CaH«<Q^^^^'h>CO>    The  ether  prepared  by  the  seoond  method,  on 
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tnatment  with  concentrated  hydrochloric  acid,  yields  o-ozycarbanll.    It  is 
therefore  a  laotiiD  of  die  constitution  CeH^-^^^G-OCjHp. 

<  Bender,  Ik.  oii. 
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Am  in  the  similar  cases  of  isatin  and  carbostyril,  the  chemical  evidence 
leaves  the  question  of  the  coastitation  of  o-oxycarbanil  itself  undecided. 
On  the  one  hand,  its  formation  by  the  distillation  of  o-aminophenyl 
ethyl  carbonate  is  most  easily  explained  on  the  assumption  that  it  has  the 

Sealt  of  OKilhlian  FregMenna. 


il 


Lactlm  or  eualia  ctber. 


lActun  or  ktUnlD  Mher.  «-Oi;wbuiL 

Ctmiet  <{f  Melmmlar  RifiKwB. 

ketouic  or  lactam  coastitation,  and  that  the  reaction  takes  place  according 
to  the  equation 

f.H.<™6.00,H.     =     C.H,<g^CO     +     C,H.-OH. 

This  vieT  is  supported  by  the  fact  that  It  forma  a  well-defined  compound 
with  phenyl  hydrazine.'  On  the  other  hand,  its  direct  formation  from  the 
lactim  ether  by  the  action  of  hydrochloric  acid  seems  to  point  to  the 
enolic  or  lactim  structure  as  being  the  more  probable.  It  is,  however, 
now  generally  admitted  that  arguments  based  on  chemical  reactions  are 
inconclusive  in  cases  such  as  that  under  consideration,  where  shifting  of  a 
hydrogen  atom  may  easily  take  place. 


'  Beiidei,*JD0,  eit. 
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The  present  iaTOatigation  waa  undertakoB  with  the  view  of  ascertain- 
iag  whether  a  oompariaon  of  the  sbeorption  apeotra  of  the  two  ethers 
with  the  absorption  spectra  of  o-oxycarbaail  would,  as  in  the  cases  of 
isatio  and  oarbostjril,^  yield  resales  from  which  the  conatitntion  of  the 
parent  substance  might  be  inferred.  -  AESuming  that  one  or  other  of  the 
ethers  difiera  from  o-oxycarbanil  only  in  the  substitution  of  the  alkyl 

G}np  for  an  atom  of  hydn^en,  the  constitution  of  the  two  substances 
ing  otherwise  identical,  we  should  expect  the  absorption  spectra  of  the 
parent  substance  and  this  ether  to  be  practically  the  same.  On  the  other 
band,  the  ether  which  differs  in  constitution  from  the  parent  substance 
should  give  a  different  spectrum.  Groenvik  '  gives  136-138",  Sandmeyer 
137",  and  Bender  141°,  as  the  melting-point  of  o-oxycarbaniL  Although, 
apart  from  this  slight  difference,  there  was  no  reason  to  doubt  the  identity 
fi  the  substances  obtained  by  these  chemists,  we  thought  it  well  to  ex- 
amine specimens  prepared  Independently  by  two  different  methods  and 
selected  for  the  purpose,  the  substanues  obtained  by  fusion  of  o-amiuo- 
phenol  with  urea  and  by  the  decomposition  of  the  lactim  ether  with 
hydrochloric  acid.  We  found  that  the  two  specimens  when  heated  side 
by  side  in  capillary  tubes  behaved  in  exactly  the  same  way,  softening  at 
137°  and  melting  completely  at  ISD^'fi.  Solutions  of  the  two  specimens 
gave  identical  spectra. 

The  Miectra  of  o-oxycarbanil  and  of  the  lactam  ether  are  almost  iden- 
ticaL  The  amount  of  general  absorption  is  practically  the  same  in  both, 
and  the  spectra  of  both  substances  show  a  welt-marked  absorption  band 
occupying  the  same  position  and  persisting,  in  both  coses,  through  the 
same  range  of  dilution.  The  spectra  of  the  onolic  ether,  on  the  other 
hand,  show  a  smaller  amount  of  general  absorption,  and  the  absorptioo 
band  does  not  appear  until  a  much  greater  degree  of  dilution  is  reached 
than  is  required  to  bring  out  the  hand  in  the  other  two  substances.  The 
range  of  the  band  of  the  enolic  eater  is  also  very  smaU.  The  above  curves, 
drawn  from  the  photographs,  show  very  clearly  tha  relations  between 
the  ntectra  of  the  various  substances. 

The  conclusion  to  which  the  investigation  leads  is  that  o-oxycarbanil 
has  the  same  structure  as  the  lactam  or  ketonic  ether,  or,  at  aU  events, 
that  the  lactam  structure  very  greatly  predominates,  if  the  assumption  is 
made  that  the  parent  substAuce  in  solution  is  a  mixture  of  two  tautomeric 
forme.  It  is  worthy  of  note  that  iu  the  three  cases  of  this  kind  which 
have  now  been  examined  the  parent  substance  possesaea  the  ketonic  or 
lactam  constitution.  a-Ozycarbanil,  it  may  he  noted,  gives  no  colour 
reaction  with  ferric  chloride. 

The  substskncee  used  in  this  investigation  were  prepared  exactly  in 
accordance  with  the  directions  given  in  the  papers  already  quoted.  Two 
distinct  preparations  of  each  substance  were  mode  and  several  series  of 
photographs  were  taken  of  the  absorption  spectra  of  each  preparation. 
No  appreciable  difference  could  be  detected  in  the  various  photographs  of 
the  same  substance.  This  is  satisfactory  evidence  of  the  identity  of  the 
compounds,  and  also  of  the  purity  of  these  particular  preparations. 
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The  Absorption  Spectra  of  Ammonia,  Methylamine,  Bj/droxytamine, 
Aldomme,  and  AeeUxevme^ 

It  waa  shown  by  L.  Soret  that  commercial  ammonia,  even  after  many 
recrystallisationB  aa  aulphate,  atill  shows  an  absorption  band.  Hartley 
.  and  Huntington  ('  Phil.  Trans.,'  1879,  Part  I.,  267)  confirmed  this  observa- 
tion, and,  believing  the  absorption  to  be  due  to  traces  of  some  constituent 
of  gas'liquor,  examined  specimens  of  what  was  sold  as  '  volcanic  'ammonia 
of  special  purity  for  analytical  purpoeea.  Three  separate  samples  were 
examined,  each  measuring  half  a  gallon,  with  the  result  that  all  the  raya 
beyond  '/^  2638-2  (\  2747-7)  were  absorbed  by  the  strong  solution  in  a  cell 
15  mm.  in  thickness.  A  very  distinct  absorption  band  was  visible  on 
dilutii^  the  liquid  with  eight  volumes  of  water,  and  was  still  seen  nntU 
uxteen  volumes  had  been  added. 

This  result  appeared  remarkable  in  view  of  the  fact  that  gaseous 
ammonia,  at  atmospheric  pressure,  in  a  tube  1  metre  in  length  showed 
no  selective  absorption,  and  that  ethylamine,  even  when  solutions 
containing  as  much  aa  33  per  cent,  of  the  base  were  examined  in  cells 
25  mm.  in  thickness,  tranamitt«d  continuous  spectra  with  very  little 
absorption. 

Carbamide  also  showed  no  absorption  band,  but  transmitted  a  con- 
tinuous spectrum.'  A  10  per  cent,  solution  of  carbamide  in  a  cell  IB  mm. 
in  thickness  transmits  all  rays  to  \  2140,  rays  more  refrangible  tbao 
X  2750  being  slightly  weakened. 

When  we  remember  that  practically  all  the  ammonia  of  commerce 
is  obtained  from  coal  tar,  and  is  liable  to  contain  minute  tracns  of  the 
volatile  bases  of  the  pyridine  and  other  series,  which  can  only  be  com- 
pletely separated  with  great  difficulty,  it  is  obvious  that  great  oare  must 
be  taken  to  obtain  chemically  pure  ammonia  for  examination  before  any 
trustworthy  conclusion  can  be  arrived  at  as  to  the  character  of  its  absorp- 
tion spectrum. 

The  following  investigation  was  undertaken  with  the  view  of  definitely 
ascertaining  whether  or  not  chemically  pure  ammonia  shows  selective 
absorption.  An  examination  of  ordinary  aqueous  ammonia  was  first  made 
in  order  to  determine  the  exact  position  of  its  absorption  band,  A  tube 
150  mm.  long  was  used.  With  this  thickness  of  layer  a  solution  containing 
5  grams  of  ammonia  in  100  c.c.  water  showed  complete  absorption  beyond 
'/A.  3638  (\  2749).  A  layer  of  the  same  thickness  containing  2'5  grams 
of  ammonia  in  100  c.c.  gave  a  continuous  spectrum  to  ^  j\  3694  (\  2707], 
a  broad  absorption  band  occupying  that  portion  of  the  spectrum 
which  lies  between  '/A  3694  (\  2707)  and  <  /X  4306  (X  2322),  the  spectmnt 
again  showing  beyond  this  point.  This  band  is  persistent,  being  still 
traceable  in  a  solution  containing  only  0*625  gram  of  ammonia  in  100  c.c. 
All  the  samples  of  commercial  ammonia  examined  showed  selective 
absorption,  but  by  converting  the  base  into  ammonium  chloride  the 
absorption  band  was  found  to  become  less  marked  in  the  apectrum  after 
sucoessive  crystallisations  of  the  salt. 

In  order  to^try  the  eSeot  of  crystallisation  of  one  of  the  less  soluble 
salts,    ammonia   was   converted   into  oxalate    and   the  salt    repeatedly 

'  Hartlejand  Dobbie,  TVata.  Cham.  Sae.,  vqL  Izxvii. 

*  From  nnpubliabed  experimeiits  on  the  dstenninatioii  of  aromatic  sabstances  in 
urine.     See  aote,  DiMittJimmal^  Medi«alSeieiue,3on«l%B2.~VI.  N.  Habtlet. 
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oryvtallised.  The  oxalate  was  distilled  with  pnre  potMsiam  hydroxide  and 
the  ammonia  absorbed  in  pnre  diatilled  irator,  the  spectrum  of  which  wob 
photographed  on  the  same  plate  as  that  of  the  ammonia  solution.  Much 
greater  thicknesses  of  liquid  were  examined  than  in  previous  experiments. 

A  layer  200  mm.  thick  of  a  solution  containing  106  per  cent,  of  ammonia 
prepared  in  this  way  from  oxalate  transmitted  all  rays  to  '/A  3638  (X2749), 
but  the  spectrum  was  feeble  from  '/^  2738  (\  3652)  to  '/X  3638  (k  2749). 
No  band  was  visible.  A  layer  100  mm.  thick  transmitted  the  rays  to 
'/A  4323  (X  2313),  but  the  spectrum  was  very  feeble  beyond  VX3904(\  2561). 

From  another  portion  of  the  purified  oxalate  the  liberated  ammonia 
was  passed  into  optically  pure  hydrochloric  acid ;  the  ammonium  chloride 
tecrystallised  several  times  was  then  examined,  the  solution  of  the  salt 
employed  having  the  same  thickness  of  layer  and  containing  the  same 
amount  of  ammonia  as  that  previously  used  in  determining  the  position 
of  the  absorption  band  in  ordinary  ammonia.  It  now  showed  no  trace  of 
■elective  absorption,  the  spectrum  being  continuous  to  V^  ^^^  C^  2143) 
with  a  scarcely  perceptible  weakness  at  the  extreme  ultra-violet  end.  Pure 
ammonia  may  therefore  be  obtained  without  difficulty  by  the  decomposition 
of  a  crystallised  ammonium  salt  such  as  the  oxalate. 


I  abtmned frofa  Bydroxylamine. 

Ammonia  obtained  by  the  reduction  of  hydroxylamine  was  next 
examined.  Hydroxylamine  hydrochloride  waa  reduced  with  a  zinc- 
copper  couple  and  ^e  ammonia  distilled  into  pure  hydrochloric  acid  ; 
the  ammonium  chloride  thus  obtained  was  subsequently  purified  by 
recrystallisation . 

A  layer  of  150  mm.  of  a  solution  containing  2'5  grams  ammonia  in 
100  cc.  disrilled  watershowedacontinuous  spectrum  to '/^  4411  {.\  2267)  ; 
the  spectrum  is  weak  from  '/X  3S86  (\  2573),  but  there  was  no  indication 
of  selective  absorption. 

As  therefore  neither  ordinary  ammonia,  which  has  been  carefully 
purified  by  the  above  method,  nor  ammonia  obtained  by  the  reduction 
of  hydroxylamine,  shows  selective  absorption,  we  oonclnde  that  the 
absorption  band  of  ordinary  ammonia  is  due  to  the  presence  of 
traces  of  foreign  substances  which  distil  over  with  it  from  the  gas 
liquor. 

We  next  endeavoured  to  ascertain  the  nature,  and  estimate  the 
amount,  of  the  impurity  to  which  the  band  of  ordinary  aqueous  am- 
monia is  due.  The  position  of  the  band  seemed  to  indicate  the  pyridine 
bases  as  the  most  likely  cause  of  the  absorption,  and,  in  fact,  we 
found  that  a  layer  of  150  mm.  thick  of  a  solution  containing  7'68  grams 
of  pure  ammonium  chloride  (equivalent  to  2-5  grams  of  ammonia)  and 
0-00001  gram  of  pyridine  in  100  c.c.  water,  showed  almost  exactly  the 
same  amount  and  character  of  absorption  as  a  layer  of  ordinary  aqueous 
ammonia  of  the  same  thickness  and  strength. 

In  a  further  experiment  we  found  that  the  addition  of  the  same 
amount  of  pyridine  (in  the  form  of  hydrochloride)  to  100  c.o.  of  distilled 
water  produced  an  identical  result,  the  spectrum  being  hardly  distin- 
guishable from  that  of  ordinary  aqueous  ammonia.'      It  follows,  there- 

'  Id  fbis  Ronuection  it  is  intflreatiiig  to  note  tliat.  allbough  a  solDtioa  contain' 
ing  0-000001  gram  pyridine  in  100  oc.  distilled  mter  no  longer  showed  an  actaal  gap 
in  the  BpectnuD,  there  waa  a  perceptible  weakening  of  the  lines  of  that  portion  of  the 
■peetrum  in  which  the  band  of  oidiuor;  aqueous  ammonia  oocnn,        ,  .  i 
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fore,  that  the  strong  ajumonin  used  {35  per  cent.  NHj)  ooutains  approzi- 
matelv  0'00014  per  cent,  pyridine. 

Although  pyridine  is  thus  shown  to  be  the  principal  cftose  of  the  «b- 
BorpUon,  minute  traces  of  its  higher  homologues  and  of  volatile  bases  of 
other  aeries  are  also  probably  present,  as  the  alight  differences  between 
the  spectrum  of  ordinary  ammonia  and  that  of  pure  pyridine  appear  to 
indicate. 

Methylamine  Hydrochloride, 

Methylamine  waa  investigated  by  HariJey  and  Huntington  in  cells 
50  mm.  ibich.' 

An  aqueous  solution  of  methylamine  was  converted  into  hydrochloride 
and  the  salt  purified  by  repeated  recrystallisation.  A  layer  ISO  mm. 
thick  of  a  solution  containing  25  grama  of  methylamine  as  hydrochloride 
in  100  CO.  distilled  water  ^owed  practioallv  no  absorption.  There  waa 
a  slight  weakening  of  the  apectrum  towards  the  ultra-violet  end,  and 
one  or  two  of  the  lines  at  the  extreme  end  of  the  ultra-riolet  were 
out  off. 

BydroxyUmine  Hydrochloride. 
The  hydroxylamine  hydrochloride  examined  was  subjected  to  re- 
peated recryBtallisation.  It  gave  no  precipitate  with  platinio  chloride 
in  presence  of  alcohol  and  ether,  and  it  was  therefore  assumed  to  con- 
tain no  ammonium  chloride.  The  salt  is  highly  diactinic  and  shows  no  traoe 
of  selective  absorption.  A  layer  150  mm.  thick  of  the  solution  containing 
5  grams  of  hydroxylamine  in  100  c.c.  water  gives  a  continuous  apectrum 
to  '/^  ^l^'^  (^  2124).  A  layer  of  the  same  thickness  containing  2' 5  grams 
in  100  c.c.  water  transmits  the  whole  apectrum  with  the  exception  of  a 
few  of  the  lines  at  the  extreme  end  of  the  ultra-violet. 

Acetaldoxime,  CH3CH:N'0H. 
Acetaldoxime  was  prepared  in  the  usual  manner  by  the  action  of  alde- 
hyde ammonia  on  hydroxylamine  hydrochloride,  and  afterwards  purified 
by  fractional  distillation  until  the  boiling  point  was  confitant :  it  Imiled  at 
114-115°.  In  solution  this  compound  shows  no  selective  absorption,  but 
very  considerable  general  absorption.  A  layer  150  mm.  thick  of  a  aolu- 
tion  containing  1 26  grama  of  acetaldoxime  in  100  c.c.  water  absorbs  aU 
lines  beyond  '/X  33^3  (\  3009).  A  layer  25  mm.  thick  of  a  solution  con- 
taining 1  milligram -mol.  in  20  c,c.  water  gives  a  continuous  spectrum  to 
i/\  3952  (A  2530),  and  a  layer  1  mm.  thick  of  the  same  solution  shows  a 
continuous  spectrum  to  '/^  4417  (\  2264). 

Aettoxime,  (0H,"lgC:N-OH. 

Acetoxime  was  prepared  in  the  usual  manner  by  the  action  of  hydrox- 
ylamine hydrochloride  on  ncetone,  and  waa  purified  by  repeated  recrys- 
tallisation  from  water  :  it  melted  at  69-60". 

Like  acetaldoxime,  acetoxime  shows  no  selective  absorption,  but 
general  absorption,  which  is  slightly  greater  than  in  the  case  of  the 
former  substance,  as  was  to  be  anticipated  from  the  presence  of  an 
additional  methyl  group.    A  layer  25  mm.  thick  of  a  solution  of  ace- 

'  Phil  IVflw.,  18;9.  Part  I.,  267. 
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toxime  oontAuiing  1  milligram-inol.  in  20  c.c.  shows  a  coDtiDaons  speotrum 
to  7^  3886  (A.  2573) ;  n  layer  1  mm,  thick  of  the  same  aolntioii  to 
'/X  4125  (A,  2434). 

The  Buhgtaucea  above  referred  to  afford  an  excellent  illnstraticHi  of 
the  intimeLte  relation  between  the  character  and  extent  of  abaoiption 
and  the  conatitutioti  of  an  organic  oomponnd.  Ammonia  is  highly 
diactinic.  The  substitntaon  of  a  methyl  group  (or  one  of  the  hydrogen 
atoms  has  the  efiect  merely  of  very  lightly  increasing  the  amount  of 
continnons  absorption  of  the  most  refrangible  rays.  Again,  the  sub- 
stitution of  hydroxyl  for  hydrogen  has  a  similar  effect,  3ie  groi^  OH, 
however,  having  a  greater  absorptive  power  than  the  group  CHj. 
When  we  come  to  acetoldoxime  and  acetoxime,  we  find  that,  regarding 
them  as  derivatives  of  hydroxylamine,  the  introduction  of  the  more 
complicated  groups  :CH*CHg  and  :C(CHj)j  respectively  for  the  two 
remaining  hydrogen  atoms  of  the  original  ammonia  molecole,  is 
accompanied  by  a  great  increase  in  the  amount  of  the  general  absorption. 
Comparing,  however,  aoetaldoxime  with  acetoxime,  the  latter,  which 
differs  from  the  former  in  tbe  possession  of  an  additional  meUiyl  group, 
shows  only  slightly  greater  absorption.  This  is  in  harmony  with  previous 
observations  on  CO^H  groups,  and  the  sligfatly*  incretued  absorption 
caused  by  the  introduction  of  methyl  groups  for  hydrogen  atoms ;  also  the 
stronger  absorption  oausod  by  the  replacement  of  hydrogen  atoms  by 
hydroxyl  radicles. 

A  diagram  drawn  to  a  soaln  of  oscillation  {requencka  diowi  at  a 
^onoe  the  lengtii  of  speotrum  trwiamittad  by  tbeae  substwwM  ia  diSbrait 
proportions,  and  through  difibrent  thtckneeses. 

The  Cweet  of  the  Moleeuiaa-  Vihratio^u  t>f  HenxatAMAiWBime 
and  SensBfaaldoxime.^ 

Bena)(n<*aIdoxime  and  benuynaldoxime  are  now  geoMally  r^resentad 
by  the  following  formuln  ■ 


C,H,-CH 

OH-il 
Beazantt&ldoxuue. 

0,H,OH 

Ln 

Benwynaldoxime. 

If  these  formuhe  correctly  represent  the  ctmstitution  of  the  two  forms  of 
benzaldoxime  and  their  relation  to  one  another,  we  should  expect  both 
compounds,  as  .st«reo-isomeridos,  to  exhibit  the  same  oharacter  and 
amount  of  absorption.  As  a  matter  of  fact,  we  have  found  that  tlie 
curves  of  ^e  molecular  vibrations  of  the  two  subetances  in  ethereal 
solution  are  identical.  A  layer  25  mm.  thick  of  a  solution  of  either  form 
of  the  aldoxime  containing  1  milligram -mol.  dissolved  in  100  c.  c.  of  abso- 
lute ether,  absorbs  all  rays  to  '/X  3323  (A  3009).  A  layer  1  mm.  thick  of 
a  solution  containing  1  milligram-mol.  in  500  c.c.  of  ether  transmits  all 
rays  to  '/^  ^^^  (^  2748),  and  shows  an  absorption  band  reaching  from 
i/X  3638  (X  2748)  to  '/\  4321  (X  2314).  This  band  is  still  distinctly 
traceable  in  a  layer  1  mm.  thick  of  a  solution  t»ntuning  1  milligram-mol. 
In  2500  c.c.  of  ether. 

'  Hartley  hud  T)oVUe,)Tran».  Cheia.  Spo.,  toL  lxn}L 

,  V,  Go  Ogle 


ABSORPTION  SPECTHi  AND  CHEMICAL  CONSTITDTION.      ■       163 

The  beuzaldoximefl  used  in  the  experiments  wera  prepared  by  the 
method  given  by  Beckmaim.'     He  benzon^Mldoxime  at  10  and  14  mm. 
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preeaare   respectively  was  found   to  have  the   boilii^  point  gixen   by 
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Luxmoore '  for  those  pressures.  The  beDZf^maldoiciiQe  was  photographed 
immediately  after  preparation.  It  vas  afterwards  recovered  from  the 
ethereal  solution  ftnd  the  melting  point  redetermined,  when  it  was  found 
that  no  decomposition  had  ocourred  while  the  photographs  were  being  taken. 
These  results,  which  are  shown  in  the  above  curve,  confirm  the 
oonolusion  previously  arrived  at,  that  stereo-isomerides,  unlike  isomeridei 
which  differ  in  struoture,  give  identical  absorption  spectra. 

Tht  Ultra-violet  Ahtorplion  Spectra  of  tome  Cloied  Chain 
Carbon  Compounds.'' 

Dhnet}iylpyra:nne. 

In  a  previous  report  *  we  gave  the  results  of  the  extunination  of  the 
absorption  spectra  of  thiophen,  pyrrole,  fnrfuran,  and  some  of  the  more 
important  furfuran  derivatives.  Each  of  these  compounds  contains 
two  pairs  of  carbon  atoms  doubly  linked,  the'  chain  being  closed  by  a 
polyvalent  dement  other  than  carbon.  No  trace  of  selective  absorption, 
sadi  as  is  shown  by  benzene,  pyridine,  and  many  of  their  derivatives, 
ODUld  be  detected  in  the  spectra  of  any  of  these  substances. 

We  have  now  extended  onr  investigation  to  2  :  5-dimethylpyrazine, 


•'<?gSSM 


a  ■ubatanoe  in  vhich  not  merely  one  carbon  is  replaced  by  nitrogen  in  ttie 
benzene  ring,  as  in  pyridine,  but  two.  It  thus  belongs  to  a  group  not 
previously  examined. 

From  the  analogy  between  the  constitution  of  this  substance  and  that 
of  pyridine,  it  was  anticipated  that  it  would  show  a  marked  selective 
absorption,  and  this  anticipation  proved  to  be  correct.  One  of  the 
principal  reasons  for  examining  a  substance  of  this  oonstitution  lay  in  the 
bot  that  whilst  pyridine  contains  the  group  'C:N'once  in  the  benzene 
stmcture,  dimethylpyrozine  contains  it  twice,  and  the  orgina!  formula 
proposed  for  cyanuric  acid  *  contains  it  three  timea  Accordingly,  if  this 
lormula  were  correct  for  cyanuric  acid  and  its  eaters,  we  should  expect 
that  they  would  exhibit  a  powerful  absorption  band,  more  intense  than 
that  of  pyrazine,  just  as  that  of  pyrazine  is  more  intense  than  that  of 
pyridine.  But  it  has  been  concluded,  from  a  widely  extended  experience 
of  the  behaviour  of  such  substances  under  the  ultra-violet  rays,  and 
particularly  from  the  results  of  a  recent  examination  of  the  absorption 
spectra ,  of  its  derivatives,"  that  cyanuric  acid  does  not  possess  this 
structure,  but  one  in  which  the  acid  is  represented  by  a  ring  composed  of 

•N-C;0 
three      |         groups,  a  mode  of  single  linking  resembling  tliatof  ahydro- 

H 
pyridine  or  of   a   hydroaromatic  group   with  one  carbon  replaced   by 
nitrMfon  ;  ^  it  should  not  therefore  exhibit  selective  absorption. 

'nub  specimen  of  dimethylpyrazine  used  in  the  experiments  was  pre- 

'  TraiM.  Chan.  Sue.,  1896,  69,  1T7. 

■  Hartle7  uid  Dnbble,  Traiu.  Chen.  Soe.,  1900,  77. 

•  Tnuu.  Chan.  Soe.,  18BS,  TS,  698.     B.A.  Bepoit,  1899. 

•  Tram.  CA«n.  Sac.,  18BZ,  41,  84.  '  Hsrtley,  Proo.  Chan.  Sk.,  IB99,  :S,  W. 
'  PhU.  Tratu.,  Part  II.,  1985,  819 
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pared  by  the  reduction  of  iaonitrosoacetone  in  accordance  with  the 
dinictiorifl  given  by  Qabriel  and  Finkus.*  It  boiled  constantly  at  154- 
155°  (coiT.)  under  atmospheric  preBBnre. 


soMi    1    •  .   (   «    T   •   •*au',    .   >   4    • 

J.       j.'.,.lU,  .1.  ,1  .'.-.■.    :■      >.'.<>   ,■.;,! 

♦ 

->  i               t      ' 

I 

-X                    - 

'           it    ^ 

^            I 

'   ;^»^    ^ 

J        _  c      ' 

■  ■       -   »'-3-        -      + 

2:  G-Dimctli;1praziDc. 

A  layer  25  mm.  thick  of  a  solution  of  dimethylpyraziue  containing 
1  mill.-mol.  in  100  c.c.  of  absolute  alcohol  cnto  off  oil  rays  beyond 
'/X  2994.  On  reducing  the  thickness  of  the  layer  to  10  mm.  an  absorp* 
tiott  band  makes  its  appearance,  reaching  from  '/X  3064  to  '/^  4321. 
This  band  ia  very  persistent,  and  is  still  traceable  in  a  layer  1  mm.  thick 
of  a  solution  containing  1  mitl.-mol.  of  the  substance  dissolved  in  500  c.c. 
alcohol.  Tlie  band  of  dimethylpyrazine  is  thus  both  wider  and  also  more 
persistent  than  that  of  pyridine.    These  results  are  shown  on  the  curve 

IlexametkyUne. — In  the  paper  already  referred  to,  an  aooount  was 
also  given  of  the  absorption  spectra  of  diketohexamethylene.  Previous 
investigations    had    shown    that    piperidine'    and    bexacfalorobenmne  * 

r.  Chfn.Soc.,  1SS3,49,  6S1. 
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exhibit  continnous  absorption,  but  show  no  abaorptiou  buid,  and,  as  vas 
to  be  expected,  diicetohexamethylene,  in  which  ths  six  carbon  atoms  are 
united  with  each  other  by  a  single  bond,  as  in  hexachlorobenzeae  and 
piperidine,  likewiaa  abowed  no  bands  in  the  spectrum. 

Thi-ough  the  kindness  of  Professor  Sydney  Young  and  Miss  Fort«y, 
we  have  recently  been  enabled  to  examine  a  specimen  of  pure  hexamethy- 
lene  prepared  from  Gatician  petroleum.  This  subaianoe,  in  comparison 
with  benzene  and  pyridine,  is  highly  disctinic.  A  layer,  60  mm.  thick, 
of  a  solution  containing  1  mill.-mol.  dissolved  in  20  c.c.  of  alcohol,  trans- 
mits all  rays  up  to  '/^  3920,  whilst  a  layer  oE  the  same  solution,  10  mm. 
thick,  transmits  practically  the  whole  spectrum.  In  none  of  the  photo- 
graphs of  the  spectra  of  this  substance  could  any  trace  of  a  banded  struc- 
ture be  detected, 

TelraAydrobenzene. — Professor  Young  and  Miss  Fortey  were  also  good 
enough  to  place  a  specimen  of  pure  tetrahydrobenzene  in  oar  hands  for 
examination.  This  substance  exhibits  somewhat  greater  general  absorp- 
tion than  faexamethylene,  a  layer,  60  mm.  thick,  of  a  solution  containing 
1  mill.-mol.  in  20  c.c.  alcohol  absorbing  all  rays  beyond  '/A  3694,  while 
absorption  is  still  traceable  in  a  layer  of  the  same  solution  1  mm.  thick. 
Like  hexamethylene,  tetrahydrobenzene  shows  no  selective  absorption. 
The  examination  of  these  two  substances  thus  confirms  the  conclusion  pre- 
viously reached,  that  the  banded  spectrum  is  shown  only  by  substances 
which  possess  the  true  benzenoid  structure.' 

Ultra-violet  Absorption  Speclra  of  Albuminoids.^ 

The  first  investigation  of  albuminoids  of  animal  origin  was  made  by 
Soret :  it  included  albumen,  white  of  egg,  pure  albumen,  caseine^  and 
serine.  Absorption  bands  occur  in  their  spectra  in  the  following  posi- 
tions :— Albumen  (white  of  e^)  k  2880-2650,  pure  albumen  \  2948- 
3672,  caseine  k  2948-2972.  Bonne  oxhibiU  a  band  similar  to  that  of 
caseine. 

In  addition  to  albumen  the  following  substances  have  been  examined  ;  ^ — 

(1 )  Gelatine  ;  (2)  maize  starch  ;  (3)  cane  sugar  ;  (4)  glucflse  ;  (5)  yeast 
water ;  (6)  inverts^ ;  and  (7)  diastase.  These  are  all  highly  diactinic 
Bubstancea,  considering  their  complex  constitution,  and  they  show  no 
absorption  bands.  It  is  evident,  therefore,  that  the  constitution  of 
albumen,  caseine,  and  serine  is  very  different  from  that  of  invertase, 
diastase,  gelatine,  starch,  glucose,  and  saccharose. 

This  was  of  interest  in  connection  with  C.  Y.  Noegeli's  t^heory  (rf 
fermentation.  Kaegeli  regarded  fermentation  as  a  process  in  which  a 
transference  takes  place  to  fermentable  matter  of  the  molecular  or  rather 
intramolecular  vibrations  of  the  constituent  substances  entering  into  the 
composition  of  living  protoplasm  whereby  the  equilibrium  of  the  molecules 
of  the  fermentable  matter  became  so  disturbed  as  to  cause  their  resolution 
into  simpler  molecules.  It  appears  by  no  means  improbable  that  the 
diastatic  ferments  may  have  some  such  action.     Trom  this  point  of  view 

>  BBrtl«7,  Trant.,  1S31, 88.  153. 

''  Comptet  Rendus,  97,  p.  642 ;  alao  Archirei  dat  Scimce$  PAjm'jMt  et  Kmt*rfUett 
X.  p.  139.    (L.  Soret.) 

■  Hartley,  Trant.  Ckcm.  Soi.,  1887,  H,  6B.  ,  -  .  ,'       " 


ABSOBPTION   SPECTRA  AND  CBEIDCAL  CONSTITUTION,  16? 

it  does  not  appear  likely  that  a  •ubatance  of  the  cfaanoter  of  albumen, 
whose  mode  of  vibration,  as  shown  by  its  abaorptlon  ipectram,  diSera 
widely  from  that  of  the  carbohydrates,  could  affect  the  latter,  while  on 
the  other  hand  it  is  possible  that  the  intramolecular  vibrations  of  inver- 
tase  and  diastase  might  be  communicat«d  to  saccharose  and  starch.  That 
the  sogais  are  bighlj  dlactinic  sabstances  is  quite  in  character  with  what 
we  kaow  of  their  constitntiim  and  of  the  spectra  of  similarly  constituted 


It  is  of  interest  to  learn  that  the  albuminoid  compounds  associated 
wMi  the  carbohydrates  are  evidently  diflerent  in  constitution  from  th(»e 
Corns  of  albunen  found  in  the  animal  organism.  The  probability  pre- 
sents itself  of  these  albuminoids  being  derived  from  the  carbohydrates. 


Itomorj^unta  Derivatives  of  Bemew, — B»port  of  the  Commitioe,  am- 
aisting  oj  Profeeaor  H.  A.  MiERa  (Ckairimn),  Dr.  W.  P.  Wtnke; 
and  tfr.  H.  E.  Armstbosu  (^Secretary).  (Drawn  up  by  tlie  Secre- 
tary.) 

The  existence  of  morphotropic  relationships  between  the  crystalline 
forms  of  subetancee  whid)  are  not  isomorphoiis  in  the  formal  sense  of  the 
term  has  of  recent  years  acquired  new  importance,  the  purely  geometrical 
work  of  Barlow  '  and  others  having  demon.^trated  tlie  superfluity  of  the 
old  view  that  the  units  of  the  crystalline  structure>are  polymerides  of  the 
chemically  active  fundamental  molecule  as  a  means  of  explaining  poly- 
morphism and  kindred  crystallographic  phenomena,  whilst  Fock '  has 
shown,  from  the  study  of  the  partition  coefficients  of  two  iaomorpbons 
subetancee  in  equilibrium  in  a  liquid  and  a  solid  solution  in  contact,  that 
in  the  case  of  salts,  at  all  events,  the  molecular  weight  in  the  crystalline 
state  may  be  that  of-  the  fundamental  molecule.  Moreover  the  work  of 
Patemu  ^  and  others  on  the  cryoscopic  behaviour  of  substances  possessing 
constitutions  similar  to  that  of  the  solvent  indicates  with  certainty  that 
isomorphism  and  morphotropy  are  phenomena  which  merge  gradually  one 
into  the  other. 

The  consideration  of  facts  such  as  these  leads  to  the  conclusion  that 
morphotropy  and  isomorphism  have  a  common  cause,  and  that  this  is 
more  likely  to  be  discovered  by  the  crystallographic  study  of  substances 
showing  morphotropic  relationships  than  from  the  examination  merely  of 
materials  likely  to  exhibit  isomorphism. 

The  benzene  series  offers  exceptional  opportunities  for  the  study  of 
such  questions ;  indeed,  it  is  remarkable  that  the  publication  of  Oroth's 
important  memoir,*  catling  attention  to  the  existence  of  morphotropic 
relationships  between  benzene  derivatives,  has  not  acted  as  an  incentive 
to  really  systematic  work  on  the  subjeot. 

The  two  investigations  to  be  referred  to  form  part  of  aseries  which  are 
being  carried  on  in  the  chemical  department  of  the  Central  Technical 
College,  South  Kensington,  in  order,  as  far  as  possible,  to  determine  the 
effect  on  the  crystalline  form  of  certain  definite  changes  in  the  composi- 
tiqn.     The'worx  wtti  include  the  determination  of  the  molecular  volumes 
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and  of  the  melting-point  ourvee  of  mixtures  of  the  morphotropically 
related  compounds. 

Morpfwtropic  RHati"ntkipg  beticeen  i'onnanitide  and  its  Subsfitutiuii  Derieativet. 

In  order  to  determine  tlie  morphotropic  effect  of  subatitution  upon 
tlie  crTstalline  form  of  formanilide  the  aimple  anilidea  of  the  compoei- 
tion  CeHj.NH  (CO.X)  (X=H,  Me,  Et,  Pr,  &c.)  as  well  as  sever»l  of 
their  alkj^l  derivatives,  and  also  a  number  of  the  mono-  and  di-hatogen 
derivatives,  haTebeencryBtallographically  examined  by  Mr.  L.  P.  Wilaoa  ; 
A  list  of  the  compounds  measured  is  given  in  the-  accompanying  table,  in 
\^hich  the  geometrical  constants  are  also  indicated.  It  is  evident  that  r 
progressiva  change  in  the  structural  dimensions  occurs  as  each  series  is 
traversed,  although  in  most  cases  this  only  becomes  obvious  on  rearranging 
the  axial  ratios,  and  sometimes  on  taking  simple  multiples  of  the  ratios. 
The  form  in  which  the  axial  ratios  are  compared  is  indicated  in  the 
second  column. 


Kormanilide      .        .       . 
AcetanUide 

Butj-ranilide     . 

ito 

h: 

b: 
b: 

b: 

c-2-18f    ; 
a  =  2-0670: 
a  =  S-16G6: 

J*-  =  2-]G63: 

:  2-40B 
:  0-8488 
:  1-0428 
:  1-3788 

90  54 

90 

»0 

oo 

Acetanihdc       . 
JretbjUcetaoUide     .        . 
EtbylaoetMiilide 

2c 

1 
b: 
b: 
b: 

0^2-0670: 
a  =  0-79O«  : 
a  =  l'n061: 
a  =  1-3264: 

2<i  =  iJ10i): 
em  i-aaot : 
0^1 '3400: 

:  0-8488 
:  0-8434 
:  0-S401 
:  O-StiO 

;  2-2036 
:  0-716'J 
:  0-89<18 

90 
90 

;io 

90 

90 
90 

DO 

..       acetatiilide    .       . 
.,        propionanilide 

■Ja 

II 
4: 
6: 

]'.-brom-aoetanilide  . 
„       methyl  acotanilide 
„        ethyl            „ 

I 

r\ 
b: 
b: 

h 

o  =  l-390i: 
e=  1-6546: 

c  =  l-406;i ; 

:  0-7169 
:  0-9T19 
:  1-5S86 

90 

70    7 
05  95 

P.-brom         ,.           .       . 
I'.-iodo 

"a 

V 
.b 
b 
b 

c  =  13263: 
p  =  l-.H904: 
c=  1-4186: 

1  :  0-0804 
:  0-7159 

1  :  0-7415 

90 
90 
90  29 

„    chlOTbrom^cetanilide 
„    bromohlor         »       . 
,.    dibrom              ,.       . 

: 

V 
ft: 
h 
b 
b 

r  =  0-8263: 
c- 0-8 144  : 
o=0-W2i4 : 
«  =  0-8131  : 

:  0-6828 
:  0-CT32 
:  0-7074 

;  0-6896 

77  33 
77  40 

77  46 

78  24 

In  series  1,  although  the  first  member  is  monosymmetric,  whilst  the 
others  arc  orthorhombic,  n  well-marked  morphotropic  similarity  in  the 
magnitudes  of  the  ratio  ajb  is  observed  to  follow  the  displacemeut  of  the 
liydrogen  atom  in  the  acidic  group  by  Me,  Et  or  Pr.  The  effect  of  dis- 
placing the  aminic  hydrogen  atom  by  Me,  Et  or  Pr  is  less,  as  is  shown  by 
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an  inspection  of  series  2  ;  in  this  case  the  ratio  c/b  is  more  nearly  constant 
throughout  the  series  than  in  the  case  in  serieB  1.  In  Eories  3,  obtained  by 
displacing  the  acidic  hydrogen  atom  in  parabromoformanilide  by  either 
Me  or  Et,  the  ratio  a'b  again  shows  approximate  constancy.  No  simple 
relationship  is  observable  between  parabromacotanitide  and  its  methyl  or 
ethyl  derivative.  Parabrom-  and  parajod-aoetanilide  are  isomorphous  ; 
the  corresponding  chloro- derivative  ia  not  isomorphoiis  with  them,  although 
it  bears  a  marked  morphotropic  relationship  to  thera.'  Group  6  forms  a 
well-marked  isomorphous  series. 

Otten  *  has  observed  that  butyranilide  is  dimorphous,  but  has  not 
examined  the  substance  in  great  detail ;  a  study  of  this  compound  haa 
shown  that  the  dimorphism  is  of  a  very  remarkable  character.  At 
ordinary  temperatures  the  anilide  separates  from  alcoholic  solutions  in 
large  transparent  crystals  of  pyramidal  habit,  which  are  di-ttinctly 
orthorhombic,  showing  a  characteristically  orthorhonibic  interference 
figure  of  small  optic  axial  angle.  The  axial  ratios  of  such  crystals  are 
a  ;  b  :  c=0-6920  :  1  :  0'6792.  On  preserving  crystals  which  had  been 
measured  at  a  constant  temperature  of  .S"  to  11°  they  have  been  found  to 
change  graduaUy,  and  in  the  course  of  three  months  completely,  into 
tetragonal  crystals,  without  at  the  same  time  losing  their  brilliancy  and 
transparency.  The  axial  ratio  a  :  c=0'6652  :  1  in  these  crystals ;  they 
exhibit  the  characteristic  uniaxial  interference  figure.  On  preserving  the 
definitely  tetragonal  material  at  30"  for  eighty  days  the  reverse  change 
occurs,  the  crystals  becoming  orthorhombic  and  biaxial,  although  the 
axial  ratios  never  revert  to  quite  their  original  values.  The  density  of 
the  orthorhombic  form  is  1-130,  whilst  that  ot  the  tetragonal  form  is  1-139. 

The  molecular  volumes  of  several  of  the  anilides  have  been  determined, 
with  the  object  of  examining  the  relations  between  the  topic  axial  ratios 
of  Mathmftun  ;'  the  ordinary  axial  ratios  seem,  however,  in  most  cases  to 
express  tlte  morphotropic  relationships  just  as  clearly  as  the  topic  ratios. 


Ito-  and  Polij-tnorphtiua  tubatituted  Bemxne-eulphonk  CMoridee  hhJ  Bromidet. 
It  has  already  been  stated  *  that  the  sulphonic  chlorides  and  bromides 
derived  from  the  1:3:4  dihalogen -benzene- sulphonic  acids  together 
form  an  isotrimorphous  series.  Dr.  Jee's  further  study  of  thi^  group  has 
led  to  important  results.  The  series  includes  anorthic,  orthorhombic,  and 
monosymmetric  terms,  in  the  manner  shown  in  the  following  table  :— 


CrjBta]logn4>hic  S;atenis 
Anorthic        I    Oiihorbombic   \  HoiuMTiuinetric 


SO^r 

80,Br 

stable 
siablc 

- 

- 

so.er 

stable 

SO,Br 

labUe-> 

Btftbte 

80,CI 

(labile)-* 

stable 

labile 

S0,C1 

stable 

labile 

SOXl 

labtle-* 

stable 

B0,C1 

- 

labilr* 

BtablB 

'  (J«nipnre  Vela,  Diwiert.,  Leipzig,  1!MX]. 
•-5-<»»./.  Aryrf..  1804,  xiii   itiT. 


'  XriU.f.  Krynt.  xvii.  331, 
'  UA.  Ilrjwrt,  1 ' 
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Of  these  eieht  aubatiuices,  three  ore  stabU  in  the  anorthic  system, 
three  in  the  orthorhombic  Bystcm,  and  two  in  the  monOBTmmetric  sjBteta. 
Ch&nge  of  the  one  form  into  the  other  has  been  observed  in  four  casee 
(IV.,  v.,  VTI.,  VIII.)  on  allowing  the  fused  substance  to  cool  on  a 
microBCopic  slide  ;  the  direction  of  the  change  in  each  case  is  indicated  in 
the  table  by  an  arrow.  A  labile  anorthic  crystalline  form  of  dibrorao- 
benzene-BuIpbobromide  (IV.)  has  been  obtained  from  solution  ;  and  it  has 
been  found  that  each  of  the  four  sulphochlorides  (V.-VIII.)  con  be  caused 
to  crystallise  in  the  alternative  system  by  admixture  with  a  sulphochloride 
which  usually  separates  in  that  system.  It  has  been  possible  to  detennine 
the  sytametry  of  all  the  forms  referred  to  in  the  table  by  crystal loeraphic 
measurement,  with  the  single  exception  of  the  labile  anorthic  lona  of 
dibromo-benzene- sulphochloride,  but  the  existence  of  this  form  is  indicated 
by  the  dimorphous  change  which  occurs  on  cooling  from  the  melting  point 
to  the  atmospheric  temperature. 

The  detailed  study  of  such  a  series  of  isomorpbs— especially  of  the 
melting  points  of  mixtures  and  of  the  conditions  which  determine  the 
separation  of  the  various  crystalline  forms— will  be  of  importance,  as  it  is 
likely  to  furnish  information  of  yolue  in  discussing  the  phenomena  pra- 
aented  by  igneous  rocks  containing  isomorpbous  minerals. 

The  investigation  has  been  extended  by  Dr.  Jee  to  the  corre- 
sponding derivatives  of  the  1:3:5  dihalogei)-ben/.ene'Sn]phonic  acids. 
The  results  obtained  indicate  the  existence  of  an  isodimorphons  series 
having  no  apparent  similarity  ydth  the  1  ;  3  ;  4  series.  One  of  the 
members  of  this  new  series — 1  :  3  ;  5  dibromo- benzene- sulphobromide—haa 
been  obtained  in  two  distinct  crystallograpbic  forms,  both  bdonging  to 
the  monosymmetric  system.  At  atmospheric  temperature  one  of  t^ose 
forms  is  labile  and  isomorphous  with  the  corresponding  snlpbo -chloride, 
and  with  1:3:5  brom  a -chlorobenzene -sulphochloride.  The  stable  form 
of  1:3:5  dibromo-benzene-BuIphobromide,  on  the  other  hand,  is  iso- 
morphous with  1  :  3  :  Sbromo-chlorobenaene-sulphobromide.  The  deriva- 
tives of  the  symmetrical  dichloro-acid  have  not  yet  been  satisfactorily 
measured. 

Even  in  their  present  incomplete  form  these  results  are  of  considerable 
importance  as  showing  the  manner  in  which  the  occurrence  of  polymor- 
phism  may  render  obscure  otherwise  well-marked  isomorphous  or  morpbo- 
tropic  relationships.  Apparently  a  substance  may  crystaltiae  in  a  whole 
aeries  of  different  forms.  A,  B,  C,  D,  the  particular  form  obtained  under 
ordinary  conditions  being  the  form  stable  at  the  temperature  at  whicli  the 
crystals  are  grown.  Another  substance,  the  immediate  homologue  of  the 
first  in  an  isomorphous  series,  can  also  assume  crystalline  forms  corre- 
sponding with  A,  B,  0,  D,  itc.,  but  the  particular  form  stable  at  ordinary 
temperatures  will  not  be  the  some  as  before,  owing  to  the  non-corre- 
spondence of  the  transition  temperatures.  Consequently  the  first  member 
of  an  isomorphous  series  may  cnrstallise  in  a  form  of  type  A,  the  second 
member  in  a  form  of  type  B,  the  tliird  of  type  C,  and  bo  on,  the 
isopotymorphism  completely  masking  the  isomorphism. 
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The  ElecirolyHo  Methods  of  QuaTiHtalivc  Ana^ng.—  Sixth  BepoH  ofiho 
Committee,  consigiing  of  Professor  J.  Eherson  Reynolds  (Chair- 
man}, Dr.  C.  A,  KoHN  (Secretary),  Professor  P.  Franeland,  Pro- 
fessor F.  Clowes,  Dr.  Hugh  Marshall,  Mr.  A.  E.  Fletcher, 
arid  Professor  W.  Cableton  Williams. 

The  work  of  the  Cominittee,  appointed  in  1894,  has  hitkerto  inohided  a 
complete  bibliography  on  electrolytic  analysiB  up  to  the  end  of  1894  and 
experimental  investigations  on  the  electrolytic  determination  of  antimony, 
bismuth,  cobalt,  nickel,  zinc,  and  the  separation  of  antimony  and  tin. 

The  present  report  deah  vith  farther  work  on  the  determination  of 
bismuth,  and  vitb  the  determination  of  iron,  its  separation  from  man- 
ganese, and  the  application  of  the  electrolytic  method  to  the  determinatdou 
rf  iron  in  organic  products. 

llieee  experiments  cover  some  of  the  most  important  applications  of 
electrolytic  anatysis  which  required  further  investigation,  and  the 
Committee  propose  to  conclude  their  work  with  the  present  report. 

The  more  recent  bibliography  of  the  subject  has  been  summarised  by 
Henmann.'  The  Committee  would  also  refer  to  Neumann's  book  on 
electrolytic  analysis,*  which  has  been  issued  since  their  bibliographical 
report,  and  an  English  translation  of  which  has  been  prepared  by 
Kershaw  ; '  alno  to  the  annual  reports  on  electrolytic  analysis  published 
in  the  '  Jahrbuch  fur  Electrochemie.' 

The  DeterminMion  of  Bismuth  {Part  II.)     By  Professor  J.  Eherson 
Rbysolds,  D.Sc,  M.D.,  F.R.S.,  and  W.  C.  Ramsdes. 

In  ft  previous  report  (1896)  it  was  shown  : — 

1.  That  car«hilly  won  platinum  dishes  were  better  suited  for  ubo 
as  negative  electrodes  than  any  otkw  of  the  various  forms  experimuitcd 
witti. 

2.  That  irregular  results  only  could  be  obtained  with  simple  bimntk- 
nitrate  solutions  containing  varying  proportiona  of  free  nittic  aoid  ;  but 
thftt  good  detomunatioBiB  were  more  easily  made  in  solutions  of  the 
sulfate  when  electrolysed  by  currents  beginning  at  0*08  and  finishing 
at  not  more  than  0*2  ampere. 

3.  That  the  best  resulta  were  obtained  in  presence  of  metapho^horic 
acid  and  of  citric  acid,  both  of  which  contrtdled  depositioH  in  a  vnry 
marked  manner. 

4.  That  citric  acid  is  quite  as  efiective  as  metaphMphoric  acid  and 
poesewes  tke  additional  advantage  that  the  metal  can  also  be  separated  in 
satisfactory  condition  from  ammoniaeal  solutioni  of  the  dtmte. 

Two  questions  remaiaed  for  consideration,  viz.  (a)  the  separation  of 
bismnth  &om  strong  but  simple  solutions,  and  (5)  from  soluttons  cob- 
taining  other  metals. 

■  Chm.  ZeUt.  1900,  24,  45G. 

■  Theoria  «.  PraaU  der  onalyliieheK  Sleetnt^ie  der  Metaile,  1S97. 

'  The  I^^xnyand  Practiae of  EUctrolytio  MetfuKU of  AntlytU,  1898.    ^g|^ 
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The  Work  under  the  lirat  head  waa  in  progress  at  the  time  the  former 
part  of  the  report  was  published  by  one  of  the  present  writers  and  Mr. 
Bailey,  and  was  subsequently  carried  as  far  as  seemed  desirable.  The 
results  obtained  with  moderately  strong  solutions  of  bismuth  were  very 
UD satisfactory,  even  in  presence  of  much  citric  acid  and  when  treated 
with  all  the  care  indicated  by  our  former  experience.  We  then  proceeded 
to  det«rmine  the  major  limit  of  concentration  at  which  good  determina- 
tions can  be  made. 

Taking  150  c.c.  as  the  most  convenient  volume  for  use  in  the  electro- 
lytic capsules  employed,  we  found  that  excellent  results  could  be  obtained 
in  presence  of  2'5  gr.  of  citric  acid,  so  long  as  the  weight  of  metal  in 
150  c.c.  did  not  exceed  0-22  gr.  With  stronger  solutions  we  failed  to 
obtain  satisfactory  regiiline  deposits,  even  when  the  proportion  of  citric 
acid  was  increased  and  the  current  at  the  commencement  of  the  operation 
was  reduced  to  0'005  ampere,  so  that  the  rate  of  deposition  should  be  very 

slow. 

We  therefore  arrived  at  the  conclusion  that  150  c.c.  of  bismuth  solution 
should  not  contain  more  than  about  022  gr.  of  metal  in  the  form  of 
nitrate  or  sulphate,  and  that  2-5  to  3-0  gr.  of  pure  citric  acid  suffice 
to  control  the  deposition,  provided  the  initial  current  used  and  acting  for 
some  hours  be  about  001  ampere,  increased  at  the  end,  and  for  a  short 
time,  to  0-15  or  0-2  ampere. 

Separation  of  Bitmutk  from  othrr  Melah. 

Extended  experience  in  the  electrolytic  determination  of  bismuth  in 
simple  solutions  of  varying  stren^h  led  us  to  doubt  that  the  purely 
electrolytic  separation  of  the  element  from  other  metals  would  prove  satis- 
factory. The  results  obtained  by  the  present  writers  have  justi6ed  this 
anticipation. 

The  least  unfavourable  detei-mi nations  of  bismuth  in  such  'mixtures 
with  other  metals  as  would  probably  be  met  with  in  practice  were  those 
obtained  with  cadmium  and  zinc  ;  but  even  in  these  tbeoreticaUy  favour- 
able cases  it  was  found  that,  however  feeble  the  currents  used,  the  deposited 
bismuth  carried  down  sensible  amounts  of  the  much  more  positive  metals. 
The  method  of  experimenting  was  as  follows  : — 

A  carefully  measured  volume  of  a  bismuth -nitrate  solution  known  to 
contain  G-018  gr.  of  metal  per  liti-e,  in  the  form  of  nitrat«,  was  placed 
in  a  platinum  capsule.  The  special  treatment  to  be  applied  in  each  cose 
WOE  then  carried  out ;  pure  citric  acid  added,  the  solution  diluted  with 
vater  to  about  1.50  c.c,  and  a  current  passed  through  the  liquid  of  such 
strength  {generally  O'Ol  ampere)  as  to  secure  a  good  reguline  deposit  of 
bismuth.  The  whole  of  the  metal  was  seldom  separated  under  fifteen  to 
twenty  hours,  and  was  hastened  at  the  end  by  passing  a  current  of  about 
0-1  ampere  for  a  short  time.  The  contents  of  the  capsule  were  then  washed 
with  water  and  alcohol,  and  the  vessel  dried  and  weighed. 

Of  the  experiments  recorded  below,  the  first  three  aimed  at  fixing  the 
degree  of  accuracy  with  which  bismuth  could  bo  electrolytically  separated 
from  the  particular  simple  nitrate  solution  used  in  presence  of  citric  acid. 
The  citric  acid  used  in  work  of  this  kind  should  be  tested  for  lead,  &a, 
before  use,  as  samples  are  sometimes  met  with  which  contain  metallic 
impurities.  The  total  volume  of  liquid  used  was  the  same  in  these  aa  in  all 
other  casec,  viz.  about  150  c.c.  C"iOO>''lc 
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Experiment  A.  0'2407  gr.  of  bismuth  in  solution  -f  3  gr.  of  citric  acid 
gave  after  eighteen  hoars  a  fairly  firm  reguline  deposit,  which  weighed 
0-2382  gr. 

Experiment  B.  O'lSOIi  gr.  of  bismuth  gave  under  the  same  conditions 
B  perfectly  firm  deposit  weighing  0'18U7  gr. 

Experiment  C.  0'1805  gr.  of  bismuth  with  S'5  gr.  of  citric  acid  gave 
an  excellent  deposit  of  0'1804  gr. 

The  concentration  of  the  solution  in  experiment  A  was  too  high,  as 
already  pointed  out ;  but  the  results  obtained  in  the  weaker  solutions  used 
in  B  and  G  were  as  good  as  could  be  obtained  in  any  determinations  of 
this  class. 

The  effect  of  the  addition  of  sulphuric  acid  is  shown  in  the  next  three 
experiments. 

Experiment  D.  O-ISOS  gr.  of  bismuth  in  solution  with  Oii  c.c.  of  pure 
freshly  distilled  H,SO,  and  2  gr.  of  citric  acid  gave,  after  twenty  hours,  as 
good  a  deposit  as  in  B,  and  weighed  01607  gr. 

Expa-inient  E.  0'1805  gr.  bismuth  with  the  same  volume  of  H^SO^, 
but  with  4  gr.  of  citric  acid.  The  metal  came  down  very  slowly  from 
solution,  but  in  good  condition,  even  when  a  stronger  current  was  used 
for  a  longer  time  than  usual :  at  the  end  the  weight  obtained;  after 
twenty-six  houK,  was  0'1801  gr.  The  proportion  of  citric  acid  used  was 
therefore  needlessly  large. 

Experiment  F.  0*1504  gr.  of  bismuth  in  solution,  1  c.c.  of  Hj804  and 
2  gr.  of  citric  acid  gave  a  good  deposit,  which  weighed  O'lCOT  gr. 

Therefore  good  results  can  be  obtained  in  presence  of  much  more  free 
sulphuric  and  nitric  acids  than  would  probably  be  present  in  actual 
analysis,  or  could  be  separated  from  mixed  sulphates. 

In  the  remaining  tests  cadmium  or  zinc  salts  were  present. 

Experiment  G.  02106  gr.  of  bismuth  in  solution,  1  c.c.  of  H2SO,,  2  gr. 
of  citric  acid,  and  0-125  gr.  of  cadmium  in  the  form  of  sulphate.  Result : 
0'26S7  gr.  The  deposit  easily  oxidised  and  contained  some  cadmium, 
though  the  current  was  kept  aa  low  as  possible  throughout. 

Experintent  If.  02106  gr.  of  bismuth  in  solution,  in  all  respects  as  last, 
gave  0-2986  gr.  of  deposit  containing  cadmium. 

Experiment  I.  0*1805  gr.  of  bismuth  as  last,  except  that  only  0-5  c.c. 
of  H1SO4  was  added,  gave  a  fair  deposit,  but  contained  cadmium  and 
weighed  0-2096  gr. 

Experiment  J.  0*1925  gr.  bismuth  ;  treated  solution  as  last,  but  with 
i  gr.  ot  citric  acid,  gave  02340  gr.  deposit,  easily  oxidised  as  in  the  other 
cases,  and  cadmium  was  found  in  the  film. 

The  results  with  zinc  were  similar ;  for  example  : — 

Experiment  K.  0*1504  gr.  bismuth  ;  the  solution  containing  zinc  in 
the  form  of  sulphate  instead  of  cadmium,  0*5  c.c.  H,SO,  and  2  gr.  of 
citric  acid.  The  metal  separated  in  fair  condition,  but  was  easily  oxidised  ; 
it  weighed  0-1642  gr.  and  contained  traces  of  zino. 

Experiment  L.  0*1805  gr.  bismuth  as  last,  and  witlt  zinc  sulphate,  gave 
0*1851  gr.,  and  contained  rino  also. 

Therefore,  while  bismuth  can  be  determined  electrolytical'y  with 
accuracy  in  simple  and  dilute  solutions  containing  citric  acid,  and  even 
relatively  large  proportions  of  free  nitric  and  sutphuric  acid::,  we  are 
unable  to  recommend  ite  electrolytic  separation  from  any  of  the  metals 
with  which  we  have  experimented. 
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The  best  course,  in  crar  opinion,  is  to  eeparftte 
the  well-known  methods  In  the  form  of  hydroxide,  to  cI!s3oIto  tlie  Mter 
in  snfficieat  nitric  &cid,  ajtd,  after  necessary  dilution  with  addition  of  citric 
add,  to  electrolyse,  with  the  precautions  already  described. 

Tlte  Determination  of  Iron.    By  Chahlbb  A.  Kohn,  M.Sc,  Ph.]). 
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OS  THE  ELECTROLYTIC   METHODS   OF  QUANTITATIVE  ANALYSIS.     \7't 

The  electrolytic  methtxla  for  the  dfltermination  of  iron  can  in  no  vajr 
be  r^arded  as  comparable  with  the  usual  Tolometric  and  gravimetric 
methodB  In  their  feneiHl  applicability.  Under  special  circsnutancss,  how- 
ever, they  may  be  found  advantageous,  eapaciaUy  in  the  detenninatiou  of 
relatively  Bmall  quantities  of  iron  in  organic  products,  an  af^Iicatiuk 
viiich  has  been  specially  stadied  in  the  subjoined  experimdnts. 

Of  the  various  methods  proposed,  that  in  which  the  metal  is  depotitud 
from  a  solution  of  the  double  ammonium  oxalate,  Br«t  suggested  by 
Parodi  and  IMascazsini,  and  subsequently  worked  out  by  CSassen,  is  the 
most  reliable.  When  separated  from  a  citrate  or  tartrate  solntion,  the 
precipitated  iron  contains  a  considerable  proportion  of  (»rl3on,  and  the 
depo^tion  from  phosphoric  acid  or  ammonium  pyrophosphate  solution  is 
too  slow  to  be  of  practical  value  ;  further,  it  necessitates  a  hig^  current 
density,  and  the  introduction  of  phosphates  into  the  solution  is  on  obvious 
disadvantage  from  an  analytical  standpoint. 

The  experiments  have  therefore  been  restricted  to  the  investigation  of 
the  deposition  of  iron  &om  the  solution  of  the  double  aromoninm  oxalate. 
They  may  be  conveniently  grouped  under  the  following  heads  : — 

1.  The  eondiHone  under  uJiieli  iron  it  depoiittd  /rmn  ammonitim  oxa- 
laU  tolutioti  and  the  mott  favourable  eondUiofu  fi>r  tte  etedrfAytie  deter- 
mination. 

3.  The  injinenee  ofttmmMtium  chloride  on  the  det^tnlu^  dettrmint^' 
ftoK  of  iron. 

3.  The  eonyJite  aeporation  efihe  iron  teA«n  depoiited  from  ammovkium 
oxalate  eelution  .■  the  ndphocgamide  roamtion  for  iron  wnder  ihe  eonditione 
of  the  experiments. 

4.  The  pttMnee  qfoarbon  in  ijvn  deposited  from  ammonittm  oxmlate 
tolution  4»d  the  determination  of  it*  amount. 

5.  Thet^eetrolytieeeparationqfironandnumganeteinetmmoniwnooM' 
kUe  t^ttUon. 

6.  S^  deetrotyttedetermiftatton  of  inn  in  urine  and  o(h«r  animal  pro- 
dwsti. 

I,  7%e  Conditiont  under  which  Iron  it  depowitedfrom  Ammonium  0.valate  Solution, 
and  lAe  mottfaamirable  Conditrotu  for  ite  EUctrotytie  Detmiinatum.  Su 
CKAtixt  A.  KeHiT,  M.Sc.,  Ph.D.,  and  H.  H.  Pbotbkll, 

Classen  recommmds  the  addition  <rf  G  to  8  gr.  of  ammonium  oxalate 
per  gr.  of  iron  in  150-175  c.c.  of  solution,  and  conducts  tlie  electrolysis 
with  a  C.D.,M  of  1-0  to  1*5  ampere  and  3  to  4  vdts  in  a  warm  solution 
(40°-60°  C).  Nitrates,  if  present,  must  be  removed  by  r^iaated  evapora- 
tion with  sulphuric  or  hjnlrochloric  acid ;  free  sulphuric  acid  can  be 
nentralised  by  ammonium  hydrate  ;  any  free  hydnxmloric  acid  is  prefer- 
ably removed  by  evaporation  on  the  water-bath.  The  complete  deposition 
of  Uie  iron  is  tested  with  potassium  sulphocyanide,  after  acidifying  with 
hydrochloric  acid  ;   0-2  to  03  gr.  of  iron  is  deposited  in  three  to  four 

In  a  later  paper  Classen  states  that  the  most  favourable  condition  for 
tbtt  deposition  of  iron  is  with  a  current  X.D.iogslS  ampere  at  the  otAi- 
nary  temperature.  Keumann  >  adds  that  weaker  curruitx  (0'3  to  0*5  an^et«) 
can  be  used,  but  then  a  larger  proportion  of  ammonium  oxalate  must  be 

'  TkMrieu.PraiBiideranattftUehenEleatrolytBArMtttillei'p.Mi. 
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added  and  the  current  increased  to  1*0  ampere  at  the  end  of  the  determina- 
tion to  ensure  the  precipitHtion  of  the  last  portion  of  the  iron.  According 
to  Wolmnn,  eight  to  ten  hoars  are  necessary  for  the  deposition  of  0*16  to 
0-30  gr.  of  iron  with  a  CD., ao=0'3  to  I'D,  and  finally  to  15  ampere,  and 
an  E.M.F.  of  4  volts  at  50°  C.  The  majority  of  the  results  recorded  by 
this  method  are  slightly  low,  on  an  average  0-2  to  0*6  per  cent,  on  the 
weight  of  iron  taken. 

YariatioDS  in  current  and  in  the  proportion  of  ammonium  oxalate 
added  constitute  the  only  real  diSerences  in  the  conditions  of  deposition 
recommended,  and  they  bear  on  the  one  practical  difficulty  of  the  method — 
the  prevention  of  the  separation  of  any  ferric  hydrate  during  the  electro- 
lysis. As  pointed  out  ina  previous  report  (1896)  on  the  electrolytic  de- 
termination of  tin  in  ammonium  oxalate  solution,  the  electrolyte  graduAlly 
becomes  alkaline,  owing  to  the  decomposition  of  the  oxalate  and  the  for- 
mation of  ammonium  carbonate  ;  in  presence  of  a  sufBcient  excess  of 
unmonium  oxalate  the  iron  will  still  remain  in  solution  after  the  latter  is 
alkaline,  but  otherwise  ferric  hydrate  separates  ont  and  oxalic  acid  must 
be  added  from  time  to  time  during  the  electrolysis  to  redissolve  it.  Such 
addition  of  oxalic  acid  renders  it  necessary  to  watch  the  experiment ;  a 
farther  drawback  is  th»,t  the  quantity  of  ammonium  oxalate  solution 
necessary  leaves  little  room  for  any  further  addition  of  liquid  in  an  ordi- 
nary dish  of  175  c.c.  to  200  c.c.  capacity.  Hence  the  ammonium  oxalate 
must  outlast  the  deposition  of  the  iron  if  an  addition  of  oxalic  acid  is  to  be 
avoided.  A  series  of  experiments  were,  therefore,  first  arranged  in  whidi 
the  time  necessitfy  for  the  solution  to  become  alkaline,  the  proportion  of 
metal  deposited  up  to  alkaline  reaction,  and  the  proportion  sutMiequently 
deposited,  were  noted. 

A  ferric  chloride  solution  of  known  strength  was  used,  made  up  from 
pare  ferric  oxide,  the  method  of  working  being  as  follows  : — The  slight 
excess  of  hydrochloric  acid  in  the  measured  portion  of  the  solution  was 
first  neutralised  with  a  few  drops  of  ammonium  hydrate,  oxalic  acid 
solution  added  to  acid  reaction,  and  the  whole  then  added  to  the  ammonium 
oxalate  solution.  The  additional  oxalic  acid  recorded  was  either  added  to 
the  original  solution  or  at  intervals  during  the  electrolysis.  The  current 
density,  C.D.,oi3=l'0  to  15  ampere,  and  electromotive!  force  of  3-5  to  4-0 
volts  employed  in  these  first  experiments  are  the  values  hitherto  regarded 
as  the  most  favourable  for  the  deposition  of  iron.  Both  %farm  and  cold 
solutions  were  tried.  The  ammonium  oxalate  solution  contained  40  gr. 
per  1.000  CO. ;  the  oxalic  acid  solution  80  gr.  per  1,000  c.c. 

Platinum  dishes  of  about  200  c.c.  capacity  were  used  as  the  cathode 
and  borod  platinum  discs  as  the  anode  ;  the  circuits  and  measurements 
were  arranged  as  described  in  the  Committee's  third  report  (1896). 

The  following  results  illustrate  the  conclusions  to  be  drawn  from  this 
series  of  experiments  ; — 

Series  I. 

Inexperimentsl,2,  3,  4,  and  5,  lU  c.c.  of  oxalic  acid  solution  were  added 
to  the  solution  prepared  as  stated  above  and  the  electrolysis  continued 
until  the  mixture  became  alkaline,  when  the  current  was  broken  and  the 
deposited  metal  washed,  dried,  and  weighed  in  the  usual  manner.  The 
solution  became  alkaline  very  quickly  when  electrolysed  warm,  but  on  an 
average  about  25  per  cent,  of  the  total  iron  was  deposited  in  this  short 
period  of  fifteen  to  twentv  minutes.    Although  alkaline,  no  separation  of 
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ferric  hydrate  took  place  np  to  this  stage,  there  being  aufficieat  ammonium 
oxalate  left  to  keep  the  iron  salt  in  solution.  In  experimenta  6  and  7 
a  larger  proportion  of  oxalic  acid  solution  (60  c.c.)  was  added  to  the 
original  solution,  which  allowed  the  electrolysis  to  be  continued  for 
1^  hour  before  alkalinity  was  reached  ;  the  rate  of  deposition  is  evidently 
slowed  by  this  increase  of  f  i«e  acid.  When  cold  solutions  are  electrolysed 
the  deposition  is  quicker,  as  shown  in  experimenta  8  and  9  ;  the  larger  pro- 
portion of  metal  deposited  is  also  partly  due  to  the  somewhat  higher 
current  and  E.M.F.  employed,  and,  taking  this  into  account,  the  solution 
takes  longer  to  2et  alkaline  when  electrolysed  cold,  as  would  be  expeoted, 
since  the  rate  ot  the  decomposition  of  the  oxalate  will  be  slower.  A 
comparison  of  experiments  5  and  8  with  the  remainder  shows  that, 
with  less  iron  and  the  same  proportion  of  oxalate,  there  is  an  inoreaoe 
in  the  proportion  of  iron  deposited,  despite  the  retarding  effect  of  the 
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relative  increase  of  free  oxalic  acid  present.  In  experiments  10  and  11 
the  solutions  were  electrolysed  till  alkaline,  and  the  deposited  metal 
weighed  (a) ;  the  solution  was  then  poured  back  into  the  dish,  and  the 
electrolyds  continued  until  a  precipitate  of  ferric  hydrate  separated,  when 
the  additional  iron  deposited  on  the  cathode  was  weighed  {b).  The 
deposition  in  both  warm  and  cold  solutions  proceeds  more  rapidly  after 
alkalinity  than  before,  and  there  is  evidently  little  difference  in  the 
results  of  the  two  experiments. 

It  is  clear  from  these  results  that  5  gr.  of  ammonium  oxalate  will 
not  outlast  the  deposition  of  0-1  gr.  of  iron  under  the  above  condi- 
tions of  carrent  and  E.M.F.  ;  further,  that  an  initial  acidification  with 
oxalic  acid  up  to  i  gr.  is  no  real  help  in  preventing  a  separation  ot 
hydrate  ;  and,  finally,  that  ib  is  advantageous  to  electrolyse  cold  solutions 
in  preference  to  warm.  To  complete  the  depo<dtion  of  iron  under  them 
oironmstauces  it  is  necessary  to  add  oxalic  acid  from  tine  to  time  during 
the  experiment,  so  as  to  prevent  the  separation  of  ferrio  hydrate  ;  if  this 
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is  done,  accurate  results  can  be  obtained,  our  own  determinations,  which 
need  not  be  detailed  here,  confirming  those  of  previous  experim  enters.  The 
continnous  attention  thus  entailed  of  course  robs  the  method  of  its 
practical  value. 

Experiments  were  made  on  the  use  of  acid  ammonium  oxalate  instead 
of  the  neutral  salt  as  the  electrolyte,  and  it  was  found  possible  to  complete 
the  electrolysis  without  the  addition  of  oxalic  acid,  6  gr.  of  the  acid  salt 
being  added  to  01  gr.  of  iron  as  ferric  chloride.  But  there  is  always  a 
risk  of  ferrous  oxalate  separating  out  from  this  solution  after  the  ferric 
salt  has  been  reduced,  which  is  extremely  di£Scult  to  redissolve,  so  that  the 
conditions  of  deposition  were  not  regarded  as  worth  further  study. 

By  working  with  a  lower  current  density  and  allowing  the  electrolysis 
to  proceed  for  six  hours,  or  preferably  overnight,  in  cold  solutions,  it  was 
found  that  5  gr.  of  ammonium  oxalate  will  outlast  the  deposition  of 
0'2  gr.  of  iron,  and  those  conditions  afford  a  thoroughly  satisfactory 
method  for  the  electrolytic  determination  of  iron.  The  metal  is  deposited  in 
a  steel-grey,  coherent  form,  and  adheres  equally  well  to  a  polished  or  sand- 
blasted dish  ;  the  washing  and  drying  can  be  done  without  any  fear  of 
oxidation. 

After  some  preliminary  experiments  it  was  found  that  a  C.D.|oo  <^f 
0-4  to  05  ampere  and  anE.M.F.  of  30  to  35  volts  are  beat ;  from  five  to 
six  hours  are  necessary  for  the  deposition  of  O'l  gr.  of  iron.  The  following 
experiments  illustrate  the  results  to  be  obtained  under  these  conditions  ; 
a  ferric  chloride  solution  was  used,  the  excess  of  free  acid  being  first 
neutralised  ae  in  Series  I-     I^os.  8-13  were  consecutive  experiments. 
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.'.W/.— The  two  figures  for  Cnrrent  and  B.M.F.  indinatetlie  measuromenlB  at  the 
beginning  and  cud  of  tbc  determimiiions  i-espec lively. 

'  Considernble  latitude  is  permissible  in  the  current  density  and  E.M.F., 
bill  it  should  be  on  the  low  side  of  the  values  given  above.  The  deter- 
minations require  no  watching,  and  by  allowing  them  to  proceed  ovemi^t 
one  of  the  most  marked  advantages  of  electrolytic  aualysis  is  gained. 

Kxperiments  made  under  similar  conditions  in  warm  solutions  indi- 
cated no  advantages  whatever  ;  the  rate  of  deposition  is  not  increased, 
and  there  is  always  a  greater  risk  of  feiric  hydrate  separating  out,  as 
already  explained 
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3.  Tie  Infitience  of  Ammonivm  CJtloride  on  the  EUctrolytie 

Vetermina/.ion  qf  Iron. 

Since  any  iron  solution  in  the  ordinary  course  of  analyBis  is  likely  to  bo 
acid  witb  hydrochloric  acid,  a.  few  experiments  were  made  to  decide  whether 
the  ammonium  chloride  formed  by  neutralising  it  lias  any  deterrent  effect 
on  the  deposition  of  the  nieta.1,  since  Classen  atates  that  it  is  dt«irable  to 
remove  free  hydrochloric  acid  by  evaporation  previous  to  the  electrolyeJB. 
1  gr.  of  ammonium  chloride  was  add «1  to  each  of  the  solutions  electrolysed 
under  the  conditions  tabulated  below  ;  from  the  results  it  is  evident  that 
the  addition  is  without  influence  on  the  detfirmination  of  the  iron. 
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y.  The  cumplete  fieparatioii  of  the  Iron  when  depotited  from,  Ammonium  0.nilate 
Solution :  the  Sulphocyanide  Keadion  far  iron  lUtder  t/ie  condiliom  of  the 
Experimmtt.     By  CHABLB8  A.  Koh5,  M£c.,  Ph.D.,  F.  J.  BkiblcB,  a>/d  H.  H. 

The  apparent  accuracy  of  the  results  obtained  in  the  electrolytic 
deposition  of  iron  from  ammonium  oxalate  solution  haii  led  the  method  to 
be  regarded  ns  free  from  the  source  of  error  generally  associated  with  the 
depoeition  of  metals  from  solutions  of  organic  salts,  viz.  the  separation  of 
carbon  witb  the  metal  at  the  cathode.  Citrate  and  tartrate  solutions  both 
yield  deposits  containing  a  considerable  proportion  of  carbon,  and  the 
quantitative  resiilts  obtained  are  correspondingly  high.  Our  own  results 
witb  ammonium  oxalate  solution,  contrary  to  those  recorded  in  the  litera- 
ture on  the  subject,  are  hardly  ever  on  the  low  side  ;  they  average  from 
0-2  to  0-3  per  cent,  high  {Series  II.  p.  8).  The  possibility  of  com- 
pensating errors  consisting  in  the  presence  of  carbon  with  the  deposited 
metal  on  the  one  hand,  and  the  incomplete  separation  of  the  iron  on  the 
other,  has  recently  been  discussed  by  Avery  and  Dales  '  and  by  Verwer 
and  Groll.'  The  former  find  that  the  deposited  iron  does  contain  carbon, 
on  anaverage  0'21  to  0'42  per  cent,  on  ihe  metal  deposited,  and  that  some 
iron  remains  in  the  electrolysed  solution.  The  latter  was  determined  gravi- 
metrically  after  evaporating  the  solution  and  igniting  the  residue,  and  in 
the  three  exporimenis  made  averages  0-35  per  cent.  The  results  published 
from  the  Aachen  laboratory,  on  the  other  hand,  confirm  Classen's  original 
view,  that  there  is  no  carbon  with  the  deposited  iron,  and  that  the  iron  is 
completely  precipitated.  Eight  experiments  are  given  by  Verwer  and 
Groll  ;  the  results  are  all  low,  a  total  of  7-6  mgr.  of  iron  being  wanting 
in  the  eight  experiments.  Still,  no  iron  could  be  detected  on  evaporating 
all  the  solutions  left  after  the  electrolysis  together,  ana  testing  with 
potassium  sulphocyanide  or  other  reagent  after  ignition  and  solution. 
These  experiments  were  conducted  with  warm  solutions,  with  a  C.  D.ioo 

'  Ber.  1809,  SS,  64  and  2233.  '  Set:  1899,  Sa,  806. 
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=1-0  ampere,  an  KM.F.  of  2-5  to  3-0  volte,  and  th«  addition  of  8  gr.  of 
ammonium  oxalate  for  01  to  0*3  gr.  of  iron.  From  the  contradictory 
nature  of  theee  results  it  became  important  to  ascertain  whether  the 
accuracy  of  our  own  determinations  was  really  due  to  small  compensation 

To  test  the  complete  deposition  of  the  iron  in  the  experintentB  in 
Series  II,  (p.  176)  a  smaU  quantity  of  the  solution  was  withdrawn  by  a 
capillary  tnb^  and  tested  with  potassium  solphocyanide  after  acidifyuig 
with  hydrochloric  acid.  The  reaction  is,  however,  known  to  be  inhibited 
by  the  presence  of  organic  acids,  such  as  oxalic,  unless  a  large  exoeas  of 
hydroohloric  acid  is  present  to  prevent  the  dissociation  of  the  ferric 
sulphocyaoide  ;  this  addition  may  so  far  dilute  the  solution  as  to  prevent 
the  detection  of  small  quantities  of  iron.  Further,  the  metal  is  present 
as  a  ferrous  salt  at  the  end  of  the  electrolysis,  and  this  fact  may  also  be  a 
cause  of  any  iron  present  escaping  detection.  The  delicacy  of  the  solpho- 
cyanide reaction  was,  therefore,  carefully  studied  under  l^e  conditiona  of 
the  electrolytic  experiments,  as  well  as  in  presence  of  ammonium  oxalate 
and  of  oxalic  acid.  Our  results  show  that  whilst  up  to  Q-i  mgr.  of  iron 
can  readily  escape  detection  when  the  test  is  made  by  the  usual  method 
of  withdrawing  only  a  little  of  the  solution,  O'l  mgr.  can  always  be 
detected  with  certainty  if  the  whole  of  the  solution,  after  electrolysia,  is 
tested  by  acidifying  with  75  c.c.  of  hydrochloric  acid  (cone),  and  then 
adding  10  c.c.  of  a  20  per  cent,  solution  of  potassium  sulphocyanide. 
The  coloration  is  quit«  distinct  in  presence  of  ammonium  oxalate,  oxalic 
acid,  ammonium  chloride,  or  of  the  salts  remaining  aft«r  the  electrolysis 
of  the  mixture  of  these  salts  as  used  in  the  deposition  of  iron  under  the 
conditions  of  the  eKperiments  in  Series  II.  The  sequence  of  the  addition 
of  the  reasents  in  no  way  affects  the  delicacy  of  the  reaction,  nor  is  the 
addition  of  any  oxidising  agent,  such  as  hydrogen  peroxide,  necessary  to 
convert  the  ferrous  into  ferric  iron  when  solutions  containing  oxalic  acid 
or  its  salts,  or  the  products  of  their  electrolysis,  are  tested ;  in  their 
presence  a  little  stirring  appears  ample  to  completely  oxidise  small 
quantities  of  iron.  As  a  matter  of  fact,  less  tnan  O'l  mgr.  can  be 
detected  thus,  but  this  limit  is  of  course  sufficient  to  check  the  presence 
of  iron  left  in  the  solution  after  electrolysis.  "With  this  check  on  the 
complete  deposition  of  the  metal  a  series  of  determinations  were  made,  in 
which  the  iron  remaining  in  solution  was  determined  colorimetrically 
by  potassium  sulphocyanide  after  the  electrolysis. 
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The  above  were  three  consecutive  experiments  made  with  a  fetlic 
chloride  solution  prepared  for  electrolysis  as  in  the  previous  experiments, 
:ind  to  which  5  gr.  of  ammonium  oxalate  were  added.  Despite  the 
prolonged  time  of  electrolysis  a  little  iron  still  remained  in  solntdon ;  other 
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ranilta  showed  the  presenoe  of  0'2  to  0-3  mgr.  of  iron  iu  tl)e  electrolyaed 
wdntiom.  Neverthdesa,  as  in  the  oxperiments  of  Series  II.,  the  error  ia 
tim  wei^t  of  iron  deposited  is  on  the  pins  side. 

4.  Ths  Preunot  of  Carbon  in  Iron  depomled  from  Ammtmium  Oxalatt  Solution, 
tmd  the  Detarmination  qf  iU  Amotmt.  By  Ohasles  A.  EoHK,  M.Se.,  Ph.D., 
and  F.  J.  Bbislb£. 
To  ascertain  the  presence  of  carbon  in  the  metal  deposited  under  the 
above  conditions  the  foliowing  method  was  adopted  :— A  solution  of  ferric 
chloride,  neutralised  with  ammonium  hydrate,  and  to  which  ammonium 
oxAlttte  was  added,  was  electrolysed  under  the  usual  conditions,  a  piece  of 
platinam  foil  being  employed  as  the  cathode.  After  the  elec^-olyris  the 
loU  was  thoroughly  washed,  then  dried,  and  rolled  up  for  combustion. 
The  combustion  was  carried  out  in  on  ordinary  combustion  tube  in  a 
oorrent  of  oxygen,  a  solution  of  barium  hydrate  being  used  for  the 
absorption  of  the  carbon  dioxide.  In  every  case  a  blaulc  experiment  was 
oondnoted  for  one  hour  before  the  introduction  of  the  deposited  iron,  and 
the  ftboorption  bulbs  weighed  both  at  the  beginning  and  end  of  the  blank 
experiment ;  no  difficulty,  however,  was  found  in  keeping  out  all  traces 
of  carbon  dioxide.  The  results  tabulated  below  leave  no  doubt  as  to  the 
presence  of  carboit  in  the  deposited  metal ;  the  quantity  appears  to  be 
independent  of  the  quantity  of  iron  precipitated,  but  increases  with  the 
quanti^  of  ammoniunt  oxalate  in  the  solution  electrolysed,  when  this  is 
oompletaty  decomposed.  The  results  are  likely  to  err  on  the  low  side,  as 
the  combustion  of  the  carbon  deposited  wi'Ui  the  iron  is  likely  to  be 
incomplete.  In  order  to  make  sure  that  the  carbon  dioxide  was  not 
derived  from  any  slight  residues  that  might  have  adhered  to  the  iron  from 
the  alcohol  used  in  the  washing  of  the  deposit,  this  washing  was  omitted 
in  experiments  3  and  4,  and  the  precipitated  metal  dried  in  ■oacuo  after 
washing  with  water.  Farther,  in  experiment  i  the  deposited  iron,  which 
was  beautifully  crystalline,  was  detached  as  far  as  possible  from  the 
plalannm,  and  this  portion  (a)  very  completely  washed  with  water  before 
drying,  so  as  to  be  certain  that  the  carbon  did  not  arise  from  any  adhering 
tracee  of  the  decompoeed  oxalate  solution  ;  the  iron  that  still  remained  on 
the  platinum  was  combasted  separately  (6). 
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The  variations  in  current  density  and  electromotive  force  do  not  seem 
to  make  any  appreciable  difference.  On  an  average  the  iron  deposited 
from  a  solution  containing  6  gr.  of  ammonium  oxalate  contains  0*84  mgr. 
pit  carbon,  and,  therefore,  proportionately  the  results  recorded  in  Series  TI. 
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aitd  IV.,  in  which  5  gr.  of  ammonium  njcalate  were  used,  should  be 
O'T  mgr.  too  high  from  this  source  of  error.  In  the  two  sets  of  experi- 
ments the  values  obtained  average  an  excess  of  0*2  mgr.,  and  the  weight 
of  metal  remaining  in  solution  after  the  determination  is  0-'2  to  0'3  mgr. 
These  oompensating  errors,  therefore,  contribute  to  the  apparent  accuracy 
of  the  method  ;  they  are  sufficiently  small  to  bring  the  process  within 
the  range  of  practical  analysis.  This  conclusion  is  in  accord  witli  thn 
flxpcrimentii  recorded  by  Avery  and  Dales  ;  the  difffrence  in  the  per- 
i^entngo  of  carbon  found  is  in  nil  proluibilit.y  iluo  to  tlie  tinin  of  eWt.ro- 
lysiK.  Jt  isimp08!*il>lo  to  rf«concilp  these  results  with  those  of  Verwer 
and  (iroll ;  but  that  their  results,  like  those  obtained  by  Classeu,  are  low 
is  undoubtedly  to  be  attributed  to  the  method  adopted  for  testing  the 
completion  of  the  deposition  of  iron  by  means  of  potoasiam  sulphocyauide. 
The  origin  and  direction  of  the  errors  arising  in  the  electrolysiH  of 
ammonium  oxalate  solutions  containing  iron  are  clearly  shown  by  oar 
experiments,  and  it  is  unlikely  that  different  conditions  prevail  when 
other  metals  are  present  in  the  same  electrolyte.  The  facts  thus  esta- 
blished must  be  duly  considered  in  judging  of  the  results  obtained  by  these 
methods,  especially  in  such  cases  a«  atomic  weight  determinations. 

The  quantities  of  carbon  deposited  with  the  iron  were  too  small  to 
allow  of  the  investigation  of  its  condition  of  oombinatioa.  We  are,  how- 
ever, inclined  to  think  that  it  is  present  as  a  carbide,  for  whenever  the 
deposited  metal  is  dissolved  in  acid  the  smell  of  hydrocarbons  can  always 
be  noticed  ;  also,  after  the  upper  layer  of  the  metal  has  dissolved,  the 
underlying  portion  is  very  often  darker  in  colour  and  more  difficult  to 
dissolve. 
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In  the  electrolysis  of  manganese  salts  in  presence  of  dilute  mineral 
acids,  Bodium  pyrophosphate,  or  ammonium  oxalate,  the  manganese  is 
septusted  at  the  anode  as  hydmted  peroxide.  This  property  is  of  little 
value,  liowever,  for  the  determination  of  manganese  itself,  because  it  is 
difficult  to  effect  the  complete  separation  oE  the  metal  as  oxide,  and  special 
conditions  must  be  adopted  to  cause  the  precipitate  to  adhere  to  the 
anode.  On  the  other  hand,  the  difference  in  the  behaviour  of  iron  and 
manganese  when  subjected  to  electrolysis  in  ammonium  oxalate  solution 
is  attractive  as  a  method  for  the  separation  of  the  two  metals. 

The  practical  difficulty  in  effecting  a  separation  on  these  lines  is  that 
the  precipitated  manganic  oxide  always  carries  down  some  iron  with  it ; 
this  can  only  be  overcome  by  adopting  such  conditions  of  eleotrolysb  that 
only  one  of  the  metals  is  separated,  the  other  remaining  in  solution.  By 
means  of  a  divided  cell  Engels  states  that  manganese  can  be  completely 
separated  as  peroxide,  using  a  sulphuric  acid  solution  ;  this  involves  the 
subsequent  determination  of  the  iron.  The  chief  work  on  the  subject, 
however,  has  aimed  at  the  determination  of  the  iron  by  deposition  on  the 
cathode,  obviouidy  the  more  useful  line  of  separation. 

According  to  Classen,  the  separation  is  possible  if  8  to  10  gr.  of 
ammonium  oxalate  are  added  to  the  solution  of  the  mixed  salts  and  the 
mixture  electrolysed  warm  with  a  CD-mg  of  about  I'O  ampere.  This 
proportion  of  oxalate  is  said  to  outlast  the  deposition  of  the  iron  ;  the 
manganic  oxide  does  not  separate  until  the  mass  of  the  oxalate  has  been 
decomposed,  and  even  with  large  proportionsof  manganese  only  very  little 
peroxide  separates  at  the  anode  under  these  conditions. 

Neumann '  and  Engels  ^  both  state  that  the  separation  is  incomplete,  and 
our  own  experiments  confirm  this  view.  We  have  not  found  it  possible 
to  completely  deposit  iron  without  a  separation  of  manganese  peroxide, 
nor  to  separate  the  latter  free  from  iron.  The  presence  of  even  small 
proportioTiB  of  manganese  has,  moreover,  quite  a  remarkable  effect  in 
hastening  the  separation  of  iron  as  hydrate  in  the  electrolysis  of  oxalate 
solutions.  In  some  early  experiments  on  the  determination  of  iron  4^e 
resnlta  were  from  3  to  4  per  cent,  too  low,  and  a  separation  of  hydrate 
always  took  place  after  about  two  hours  ;  on  testing  the  precipitate  it 
was  Coond  to  contain  manganese,  derived  from  the  iron  wire  used  in 
making  up  the  solution.  In  the  subsequent  work  recorded  above  the 
iron  was  always  purified  from  manganese  by  precipitation  as  basic 
acetate. 

The  following  experiments  show  the  extent  of  the  error  when  the 
Miration  is  conducted  under  the  conditions  most  favourable  for  the 
depontion  of  the  iron.  The  mixed  chlorides  of  the  two  metals  were 
neutralised  with  ammonium  hydrate,  5  gr.  of  ammonium  oxalate  added, 
and  electrolysed  as  usual.  In  experiments  4,  5,  and  6,  a  C.D.,oo  <)f  oidy 
0'3  ampere  was  used ;  but  still  the  deposition  of  the  iron  was  incomplete, 
and  in  all  cases  manganese  peroxide  contaminated  with  iron  separated 
at  the  anode  or  remained  suspended  in  the  solution.  A  comparison  of 
the  results  tabulated  on  p.  184  shows  that  the  error  in  the  ir 
with  the  proportion  of  manganese  tAken. 

■   TAeerU  v.  PrawU  der  analytUciwi  Eleetrotyie,  p.  191. 
*  Chen.  Rundtchau,  1S9G,  pp.  6  an.t  20, 
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Not  more  th&n  O'l  mgr.  of  iron  was  left  in  tho  solution  &■  determined 
colorimetric&llf  with  Bulphocjonide  ;  the  remainder  mnst  therefore  have 
been  carried  down  b;  the  manganese  peroxide  ;  it  was  detected  qualita- 
tively in  each  case  in  the  precipitate,  bat  no  quantitative  estimations  were 
made. 

Direct  experiments  on  the  electrolysis  of  soiations  of  msjiganese 
chloride,  to  which  5  gr.  of  ammonium  oxalate  were  added,  and  in  which 
variations  both  of  currant  and  of  electromotive  force  were  tried,  showed 
tioA  it  is  not  poasifale  to  electrolyse  such  solutions,  under  conditions  per- 
mitting the  deposition  of  iron,  without  the  separation  of  manfjanese  per- 
oxidfl.  The  separation  is  effected  the  more  rapidly  the  greater  the  propor- 
tion of  manganese  present  and  the  higher  the  current  density  and  the  elec- 
tromotive foroe.  With  only  0-01  gr.  of  manganese  in  solution,  an  E.K.F. 
of  3  volts,  and  CD., go  ^  0-2  ampere,  the  precipitation  of  hydrate  occurred 
after  four  hours'  electrolysis  in  the  cold  solution,  and  in  eighteen  hours, 
the  time  required  for  an  electrolytic  determination  of  iron,  with  only 
0-002 gr.  of  manganese,  anEM.F.  of  1-35  volts,  andC.D.,(,n  =  0-1  ampere, 
the  hydrate  also  separated.  With  the  view  of  delaying  this  separation  of 
the  manganese   a   series  of  experiments  were  tried   in  which  a   small 

Juantity  of  hydroxylamine  sulphate  was  added  to  the  solution  to  be 
lectrolysed.  It  has  been  shown  that  this  reagent  acts  favourably  in 
preventing  the  separation  of  stannic  acid  in  the  electrolysis  of  tin  salts  in 
ammonium  oxalate  solution,'  and  it  might,  -therefore,  have  a  similar 
favonrable  effect  in  the  case  of  manganese. 

To  a  small  extent  this  is  the  case;  the  addition  of  1  gr.  of  hydroxyl- 
amine sulphate,  under  conditions  similar  to  those  recorded  in  Series  II. 
of  our  experiments,  considerably  delays  the  separation  of  the  hydrated 
peroxide.  Bat  the  deposition  of  iron  is  also  delayed,  and  attempte  to 
separate  the  two  metals  with  this  addition  gave  results  similar  to  those 
of  Series  VI.  The  separated  peroxide  contained  iron,  and  the  depqsit«d 
metal  was  from  3  to  IC  per  cent,  too  low  ;  in  addition,  the  iron  deposit 
was  uneven  and  showed  a  tendency  to  scale  off. 

We  therefore  conclude  -that  the  quantitative  separation  of  iron  and 
manganese  in  ammonium  oxalate  solution  cannot  be  effected.  Farther, 
the  influence  of  small  proportions  of  manganese  on  the  electrolytic  deposi- 
tion of  iron,  referred  to  above,  is  a  factor  that  detracts  very  considerably 
from  the  analytical  value  of  the  electrolytic  method  for  the  determina- 
tion of  the  latter. 

On  tlie  other  hand,  very  small  proportions  of  manganese  can  be  sepa- 

I  Third  KiTort.  1896. 
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rated  qaaiitatively  from  iron  or  otlier  metals,  which  are  deposited  at  the 
cathode  in  the  electrolysis  of  their  solationa,  with  greater  certainty  than 
by  the  ordinary  onaiytical  methods. 


Iron  is  the  only  heavy  metal  present  in  the  body,  and  the  pai't  it  plays 
in  animal  metabolism  is  of  specicd  interest.  The  varied  conditions  of  its 
combinations  can  as  yet  only  be  approached  by  histocbemical  reactions  j 
for  its  total  and  quantitative  determination  the  ordinary  rolumetric, 
gravimetric,  or  colorimetric  methods  have  been  applied.  As  the 
quantities  present  in  certain  organs  and  excreta  are  extremely  small, 
special  importance  attaches  to  the  methods  adopted  for  their  estimation. 
The  usual  method  of  procedure  is  to  dry  and  ignite  the  product  to 
he  tested,  extract  the  residue  with  acid,  and  determine  the  iron  in 
the  resulting  solution.  In  the  cose  of  nrine,  for  instance,  a  day's 
discharge  (about  1,500  c.c.)  is  evaporated  and  ignited  until  the 
residual  ash  is  quite  white,  then  dissolved  in  sulphuric  acid  and  titrated 
with  a  dilate  periDanganat«  solution,  aft«r  reduction  with  sulphurous 
acid  (Hamburger ')  or  with  zinc  (Damaskin,^  Jolles  ^).  Gottlieb  and 
Ludwig  *  employed  a  gravimetric  method  in  which  the  iron  is  precipi- 
tated as  Prussian  blue  in  presence  of  a  I  per  cent,  zinc  chloride  solution, 
the  precipitate  subsequently  decomposed  by  alkali,  andtb^  resulting  ferric 
hydrate  weighed  after  separation  from  the  zinc  by  repeated  precipitation 
with  ammonium  hydrate.  More  recently  Jolles  has  recommended  the 
gravimetric  determination  of  iron  in  urine  by  precipitation  with  nitroso- 
fi  napbthol.*  The  great  variations  obtained  by  die  adoption  of  these 
methods  are  shown  in  the  following  data  as  to  the  quantity  of  iron  present 
in  a  day's  discharge  of  normal  urine  : — 

HMnbaiger T'6  to  14-5  mgr.  per  24  honra. 

Oottlieb  and  Ludwig      ....  1-69  to  3-Gf) 

lieber  and  Mohr 0-H  to  1-7 

Damaskm 0-G  to  1-5 

Jolles  4't>to9'l 

Kamberg 0-47  to  l-JS 

The  values  found  by  Damaskin,  Liebei-  and  Mohr,  and  Kumberg  are 
usually  regarded  as  the  most  correct,  and  I  mgr.  iron  per  diero  in  normal 
nrine  is  looked  upon  as  the  average  amount.^ 

Two  sources  of  error  beset  these  methods  of  analysis.  In  the  first 
place,  the  very  large  quantity  of  mineral  salts,  especially  chlorides  and 
phosphates,  left  after  ignition  has  a  disturbing  influence  on  the  titration 
with  permanganate,  especially  with  such  small  proportions  of  iron  as 
1  mgr.  in  the  total  solution  ;  secondly,  it  is  impossible  to  completely 
remove  the  organic  matt«r  in  the  ignition,  and  its  presence  in  solution 
affects  the  titration  to  a  marked  extent.  These  errors,  which  are  of 
necessity  irregular  in  character,  are  still  more  serious  when  gravimetric 


Mi,  Qw<.,  Ifia7,  86,  IW.        '  Ardiirf.  erpt.  Palhotcgie,  1889,87,1^, 
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methods  &re  adopted,  whilst  they  mftke  colorimetrio  methods  altoget^r 
unreli&ble. 

The  electrolytic  determination  of  iron  presents  the  important  odvui- 
tago  over  the  above  by  not  being  affected  by  these  adverse  conditions, 
and  our  results  justify  the  conclusion  that  it  is  reliable  and  accurate. 
The  presence  of  phosphoric  acid  does  not  interfere  with  the  determiDotion. 
Any  organic  matter  present  in  the  solution  of  the  ash  can  be  completely 
removed  by  a  preliminary  electrolysis  in  presence  of  sulphuric  acid.  This 
was  proved  in  a  aeries  of  experiments  in  which  the  attempt  was  made  to 
cRbct  tlie  deposition  of  the  metal  directly  in  urine  without  concentration 
and  ignition  of  the  resulting  ash.  In  order  to  overcome  the  frothing  due 
to  the  decomposition  of  the  urea  in  the  urine,  during  the  electrolysis,  the 
latter  was  first  decomposed  with  nitrous  acid,  the  details  of  the  method  of 
dewrminatiott  being  as  follows  :  100  c.c.  of  urine  are  treated  in  a  flask  with 
12  c.c.  of  sulphuric  acid  (1 :  5)  and  ~t  gr.  of  sodium  nitrite,  and  gently 
warmed.  After  the  decomposition  is  complete  5  c.c.  of  sulphuric  acid 
(oonc.)  are  added,  the  solution  boiled  to  complete  the  decomposition  of 
the  urea,  and  electrolysed  overnight  with  a  C.D.mg^l'O  ampere.  The 
urine  is  completely  decolorisod  by  the  current,  a  crystal  clear  solution 
resulting,  whilst  a  deposit  of  carbon  quite  free  from  iron  takes  place  on 
the  cathode.  The  solution  is  then  neutralised  with  ammonium  hydrate, 
oxalic  aoid  added  to  acid  reaction,  then  5  gr.  of  ammonium  oxalate,  and 
boiled.  The  precipitated  calcium  oxalate,  which  does  not  retain  any  of 
the  iron,  is  filtered  off,  washed,  and  the  filb'ate  electrolysed  either  at  60°C. 
with  a  CD. 100=10  to  15  ampei-e,  or,  better,  overnight,  cold,  with  a 
CD., go  of  0'5  ampere  and  3'0-4'0  volts,  It  is  important  not  to  de- 
crease the  proportion  of  oxalate,  or  magnesium  carbonate  may  be 
formed  on  the  cathode ;  it  is  easily  soluble  in  ammonium  oxalate.  A 
platinum  spiral  of  1  to  0  gr.  weight,  according  to  the  quantity  of  iron 
present,  is  used  as  the  cathode,  and  a  platinum  dish  of  about  200  c-c. 
capacity  as  the  anode.  The  deposited  metal,  which  is  quite  bright  and 
metallic  in  appearance,  after  being  washed,  dried,  and  weighed,  can  be 
dissolved  off,  and  the  spiral  re-weighed  a^  a  check  on  the  determination, 
whilst  confirmatory  qualitative  tests  can,  of  course,  be  made  witii  the 
resulting  solution.  In  the  following  experiments  known  weights 
of  iron  were  added  to  100  c.c.  of  normal  urine.  (The  quantity  of  metal 
present  in  the  urine  is  negligible,  less  than  0-1  mgr.)  A  blank  experi- 
ment was  first  made,  with  all  the  reagents  employed  in  the  metliod  as  de- 
scribed, to  determine  the  contained  iron  and  to  make  allowance  for  the 
carbon  deposited  ;  the  total  amounted  to  02  mgr.,  which  was  deducted  in 
all  coses. 


Iron  taken. 

Iron  found. 

Iron  Uken. 

Iron  (oon 

ooiisi 

0-01*62 

gr- 
00030 

0-0027 

0-0101 

00100 

00020 

o-ooir. 

0-OOSO 

0-0051 

OOOIO 

0-0008 

The  results  show  that  1  mgr.  of  iron  per  100  c.c.  of  urine  can  be  very 
satisfactorily  estimated  by  this  method  ;  but  this  amount  is  far  in  excess 
of  that  ever  found  in  normal  urine  or  likely  to  be  present^  even  under 
path(»;enic  conditions.  In  both  cases  at  least  1,000  to  l.liOO  c.o.  should  be 
used  for  a  determination,  and  this  when  concentrated  to,  say,  200  cc,  is 
so  highly  charged  with  organic  matter  that  even  when  electrolysed  for 
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forty-ei|^t  boon  in  presence  of  sulphuric  or  nitric  itcid  the  decolorisa- 
tion  is  incomplete.  This  direct  method  of  determination  Is  therefore 
inapplicable.  The  results  are  recoi-ded  to  prove  that  the  salts  and 
organic  matter  are  practically  without  influence  on  the  deposition  of 
the  iron.  The  only  alternative,  therefore,  is  to  evaporate  to  dryness, 
ignite,  best  after  a  preliminary  drying;  at  180"  C,  and  then  proceed  aa 
above,  omitting,  of  course,  the  decomposition  with  nitrous  acid.  Thus 
modified  the  method  loses  much  of  its  absolute,  but  none  of  its  rehitive 
Talue.  A  mixture  of  equal  volumes  of  sulphuric  acid  (1:2)  and  hydro- 
chJoric  acid  (cone.)  is  best  for  the  extraction  ;  the  solution  is  then  con- 
centrated to  remove  hydrochloric  acid,  and  electrolysed  to  destiwy  all 
traces  of  organic  matter  ;  it  ia  then  ready  for  treatment  with  ammonium 
oxalate  and  the  final  electrolysis  as  described. 

The  following  results  vfiih    normal    urine   were  obtained    by  this 
method  ; — 


Taking  a  day's  discbarge  at  1,500  ac,  the  average  amount  of  iron  per 
diem  in  the  above  experiments  is  091  mgr.,  a  valne  which  confirms  the 
most  reliable  of  the  results  given  above. 

In  all  cases  in  which  tke  determination  of  very  small  quantities  of 
iron  in  organic  products  is  concerned,  the  exceptional  delicacy  of  the 
eleotrolytio  method,  its  freedom  from  the  sources  of  error  that  arise  with 
other  methods  on  account  of  the  inherent  presence  of  salts  and  of  organic 
matter,  and,  finally,  the  ready  check  on  the  nature  and  amount  of  the 
deposited  metal,  render  it  capable  of  giving  reliable  and  comparable 
results  under  all  conditions.  We  have  made  use  of  it,  with  advantage, 
not  only  in  the  analysis  of  urine,  but  also  in  the  determination  of  iron 
in  liver,  spleen,  and  fiecett,  both  under  normal  and  pathogenic  conditions. 


The  Teaching  of  Science  in  Elementary  Schools. — Report  of  the  Com- 
maitee,  caneisiiiig  of  Dr.  J.  H,  GLADSTONE  (CbmrmaiC^,  FrofeBBor 
H.  E.  Abmstromo  (Secretary),  Lord  Avebury,  Profeasor  W.  R. 
DoHSTAN,  Mr.  George  Gladstone,  Sir  Philip  Magnds,  Sir 
H.  E.  RoscoE,  Profeasor  A.  Smithells,  avd  Profeasor  S.  P. 
Thompsow. 

It  has  been  the  custom  of  your  Committee  to  give  some  comparative 
tables  derived  from  the  return  of  the  Education  Department  showing  the 
relative  attention  given  to  the  teaching  of  scientific  subjects  in  elementary 
schools  for  a  period  of  years.  By  these  it  has  been  shown  that  for  tiie 
eight  years  prior  to  1890,  during  which  time  English  Grammar  was  an 
obligatory  subject  provided  any  class  subject  was  taken  in  the  school,  and 
as  the  Code  allowed  only  two  class  subjects  to  be  taken  for  the  purpose  of 
fi  grant,  it  was  only  ia  those  schools  wlhera  two  of  tfeeqe  were  tftken  thtt 
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■oieDoe  teaching  could  be  given  throughout  the  standards.  But  the  effect 
of  this  was  t£at  as  the  other  recognised  class  subjects  -were  History, 
Geography,  and  EJemeatary  Science,  and  of  these  Geography  was  bj  far  the 
most  popular  amongst  the  teachers,  while  English  History  was  adopted  in 
most  other  cases,  Elementary  Science  scarcely  received  any  attention  at  all. 
It  should  be  borne  in  mind,  moreover,  that  up  to  that  date  Geography  itself 
was  but  little  taught  from  a  scientific  standpoint,  the  details  of  topography 
occupying  the  pupils' time  almost  to  theexclusion  of  the  study  of  the  physics 
of  our  globe.  In  the  year  1889-90  the  number  of  school  departments  in 
which  English  Grammar  was  taken  amounted  to  no  less  than  20,30i, 
while  Elementary  Science  was  taught  in  only  33.  Since  that  year  a  free 
choice  of  subjects  has  been  allo<ved,  and  the  wide  discrepancy  between 
these  figures  has  been  regularly  reduced  year  by  year  ;  in  1890-91 
English  dropped  to  19,825,  while  Elementary  Science  rose  to  173  ;  and 
the  table  below  will  show  the  change  that  has  been  going  forward  since 
that  date.  It  will  be  observed  that  Object  Lessons  were  introduced  in 
1895,  and  these  were  made  obligatory  in  the  three  lower  standards  on 
and  after  September  I,  189C.  In  the  report  presented  by  this  Committee 
last  year  it  was  pointed  out  that  the  distinction  between  Object  Lessons 
and  Elementary  Science  was  one  of  nomenclature  rather  than  anything 
else,  and  now  in  the  Government  relum  for  1898-99  the  distinction  in 
name  has  been  abolished,  and  all  are  included  under  the  term  Elementary 
Science. 


1897-98  ISaS-W 


English  ,  .118,176   17,.'i9*  '  17.032   1G,2S0  !  16,327  I  U.aeS 

j  OaogTHphj-     .        .  i  18,185  '  11.2S6  !  1E,250  1 15,702  1 16,171  1 16,646 

GleroentaT7  Science  I  768  1,073 1  1,216'  1,712  I  2,237  |  2.617 
'  Object  LeasoDH      .       —  —  —  —      i   1,079     8,321 


The  number  of  departments  in  '  schools  for  older  scholars '  for  the  year 
1898-99  was  23,191,  all  but  two  of  which  took  one  or  more  class  subjects. 
But  History  was  taken  in  (5,879  departments,  and  needlework  (as  a  class 
subject  for  girls)  in  6,952  departments,  and  sundry  minor  subjects  in 
1,034,  making,  with  the  other  three  subjects  of  the  table,  a  total  of  66,232. 
This  shows  an  average  of  nearly  three  class  subjects  to  each  department ; 
but  it  must  be  borne  in  mind  that  the  same  subject  is  not  always  taken 
in  all  the  standards,  in  which  case  three  or  more  class  subjects  will  appear 
in  the  return  for  a  single  department.  That  there  has  been  less  splitting  up 
of  the  subjects  between  the  upper  and  lower  standards  is  apparent ;  and 
also  that  such  a  subject  as  Geography  must,  in  some  cases,  have  been 
taught  by  means  of  object  lessons,  as  otherwise  it  would  have  been  found 
by  this  time  that  the  figure  for  object  lessons  had  equalled  the  number  of 
departments,  whereas  the  21,301  is  actually  considerably  less  than  that 
for  the  previous  year.  It  can  hardly  be  assumed  that  under  the  regula- 
tions of  the  Code  there  was  any  actual  diminution  of  such  teaching. 

It  has  been  previously  remarked  that  'the  increased  teaching  of 
scientific  specific  subjects  in  the  higher  standards  is  the  natural  conse- 
4}uence  of  the  greater  attention  paid  to  natural  science  in  the  lower  part 
of  the  schools,'  The  following  table  shows  that  such  is  the  actual 
result ; —  /  -  I 

Coogic 
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ChiUreo 

1891-92 

1892-98 

1898-94 [ 1894-85 

1896-86 

lB85-B¥|I897-98|l8»8-9B 

Algebn.  . 

Hensniation  . 

UeobanicB 

AnimalPbyrio- 

B<Jto 

PciMi^M       of 

Agricaltnre 
Chemirtry 
Sound,    Light, 

•ndHeat 
MagnetisDi    Sc 

Electricity 

1      nomy 

28,642 
927 
2.802 
18.000 
13,622 

31,487 
1,279 
3,782 
20,023 
U,060 

33,612!    38,237 
1,399!      1.468 
4,018!      6,614 
21,632     23,806 
16,271     17,003 

41,846 
1,584 
6,869 
24,956 
18,S)81 

47,225 
2,059 
8,619 
26.110 
1H,989 

63,0H1 ,111,486 
2,471      6,932 
10,828,  24,848 
27,009i  60.324 
22,877;  41.244 

1,81S 
],0S5 

1,968,      2,062!      2483 
009]      1,231       1,196 

2,996 
1,0B9 

3.377 
826 

4,031      8,833 
870j     1,163 

1,936 
1,163 

2.S3S 

2,38T 

1,168 

2,181 

8,043l      8,860 
1,1 76l        914 

3.040      3.198 

4.822 

987 

3,168 

6,646 
1,040 

3,431 

6,978!  14,737 
l,lfi5|     1,943 

3,906'     7,697 

26,447 

29,210 

32,922    36,239 

39,794 

46,869 

61,289!  35."' 

,            Total      . 

98,706 

108,434 

119,296  134.008 

146.305 

1C4,089 

184,4i;4 1363,378 

It  will  be  observed,  however,  that  there  is  a  very  remarkable  increase 
in  the  figures  for  1898-99,  and  that  this  applies  to  every  one  of  the 
specific  Bubjeote.  Strictly  speaking,  the  return  for  this  year  is  not 
oomparafale  with  those  for  die  previous  years,  as  they  represented  the 
number  of  children  who  were  presented  for  examination  in  these  several 
subjects,  whereas  the  return  for  this  last  year  represents  the  number  of 
scholars  qualified  for  grants.  In  order  to  be  so  qualified  in  each  subject, 
not  less  than  twenty  hours'  instrucdon  most  have  been  received  by  each 
scholar,  but  calculating  from  the  standard  unit  for  estimating  the  grant, 
it  would  appear  that  the  amount  of  time  given  during  the  year  to  such 
instruction  was  actually  about  fifty-two  hours.  The  mean  numl>er  of 
acholara  in  Standard  V.  and  upwards  was  710,157,  which  would  give 
60'  7  per  cent,  as  the  proportion  of  scholars  qualified  for  grant  as  compared 
with  the  possible  number  of  students  ;  but  it  must  be  remembered  that 
nearly  one-third  of  them  take  two  subjects,  and  are  therefore  counted 
twice  over.  Though,  as  indicated  above,  too  much  stress  must  not  be 
laid  upon  these  increiased  fiEures,  it  is  quite  evident  that  the  abolition  of 
individual  examination  in  the  specifii:  subjectti  has  been  received  witli 
favour  by  school  managers  and  teachers,  with  the  result  that  much  inoro 
attention  is  devoted  to  this  branch  of  instruction,  and,  it  is  to  be  hoped, 
with  much  leas  cramming. 

The  Code  which  has  been  introduced  this  year  will  further  carry  out 
this  principle  by  substituting  one  block  grant  for  all  the  elementary,  class, 
and  specific  subjects,  so  oa  to  avoid  the  temptation  to  study  what  would 
bring  in  the  moat  grant  rather  than  what  is  most  adapted  to  the  circum- 
stances of  the  individual  school  At  the  same  time,  the  Code  i-equires 
that '  lessons,  including  object  lessons,  on  Geography,  I^tory,  and  Common 
Things  be  ta^en  as  a  rule  in  all  schools,'  and  tl^t  one  or  more  of  the 
snbjects  of  instruction  hitherto  known  as  '  specific  subjects'  is  to  be  taken 
*  when  the  circumstances  of  the  school,  in  the  opinion  of  the  Inspector, 
make  it  desirable.' 

For  the  guidance  of  teachers  in  preparing  their  course  of  study,  the 
Board  of  Education  (which  now  talces  the  place  of  the  Education 
Department)  have  issued  a  number  of  specimen  schemes  adapted  for 
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Bohools  of  different  sizes  and  circamstances ;  and  In  the  expUnfttcn; 
memorandum  one  of  their  objects  is  declared  to  be  '  to  make  the  course 

of  InatructioD  in  all  schools  more  comprehensive,  BO  as  to  give  all  scholars 
the  rudiments  of  general  information,  while  enabling  the  details  of  the 
instruction  to  be  adapted  to  the  special  needs  of  various  kinds  of  schools.' 
It  is  added  that  in  all  schools  both  boj's  and  girls  'should  learn  something 
of  their  own  country,  and  be  taught  to  observe  and  to  acquire  for  them- 
selves some  knowledge  of  the  facts  of  nature.  .  ,  ,  In  country  schools 
lessons  on  the  objects  and  work  of  country  life  are  valuable  that  would 
be  inappropriate  in  town  schools,  while  in  the  latter  the  instruction  given 
in  lessons  on  Common  Things  and  in  Klementary  Science  should  be  varied 
withreferencetothe  probablefuture  occupations  of  tbechildren.  .  .  .  The 
introduction  of  a  wider  and  more  generally  interesting  course  of  instruc- 
tion will,  it  is  hoped,  be  a  welcome  relief  from  the  continued  repetition 
of  the  restricted  course  of  lessons,  which  has  a  tendency  to  become  lifeless 
and  wearisome.'  As  an  illustration  may  be  quoted  Scheme  5,  for  a  boys' 
itchool  in  a  seaside  town,  in  which  the  course  for  '  Elementary  Science  and 
Common  Things '  is  thus  set  out  :^'  Class  V.  to  Til,  :  A  course  of  lessons 
on  marine  animals  and  plants,  on  local  rocks,  pebbles,  &<>. ;  various  sorts 
of  boats,  ships,  &c.  ;  lighthouses  and  lightships ;  the  local  tides  ;  flags  of 
different  nations,  &c.  Class  II.  :  The  magnet  and  compass  ;  practical 
methods  of  finding  the  cardinal  points  ;  apparent  movements  of  suu  and 
moon  ;  measurement  of  sun's  altitude  by  shadows.  Class  I.  :  Practical 
measurements  of  areas  and  volumes  ;  lever  ;  pulley  ;  inclined  pltme ; 
practical  examples  of  parallelogram  of  forces  and  parallelogram  ot  velo- 
cities ;  the  chief  constellations  and  the  apparent  movements  of  heavenly 
bodies.' 

Since  the  issue  of  the  Code  for  this  year  the  Board  of  Education  have 
issued  a  minute  establishing  Higher  Elementary  schools.  Higher-fpwle 
schools,  as  they  have  usually  been  called,  have  grown  tp  in  all  the  lai^ 
industrial  centres  during  the  last  twenty  years  or  so,  with  the  approval  of 
the  Education  Department,  though  questions  have  been  raised  as  to  the 
right  of  School  Boards  to  caiTy  them  on.  All  such  doubts  would  be  set 
aside  by  working  under  the  minute,  which  provides  for  a  four-year  course, 
commencing  at  a  point  equivalent  to  Standard  V.,  and  contemplating  a 
continuance  of  study  up  to  fifteen  years  of  age.  No  definite  scheme  of 
instruction  is  laid  down  in  the  minute,  as  that  is  to  be  regu'ated  by  '  the 
circumstances  of  the  scholars  and  the  neighbourhood,'  and  the  grants  will 
be  assessed  at  the  higher  or  lower  scale  according  to  '  the  thoroughness 
and  intelligence  with  which  the  instruction  is  given,  the  sufficiency  and 
suitability  of  tiie  stafi",  the  discipline  and  organisation.'  Though  there  are 
some  inconvenient  restrictions  which  it  may  be  found  necessary  to  modify, 
the  effect  of  this  minuto  should  he  in  the  direction  advocated  by  your 
Committee. 

This,  however,  will  depend  absolutely  upon  the  will  of  the  Managers 
and  the  consent  of  the  Board  of  Education,  as  the  minuto  only  provides 
that '  the  Managers  of  any  school  who  desiro  such  school  to  be  reci^ised 
as  a  Higher  Elementary  School  must  submit  for  the  approval  ot  the 
Board  before  July  1  in  any  year  proposals  for  a  curriculum  and  time  table, 
and  supply  such  other  information  as  may  be  required  by  the  Board.'  In 
contrast  to  this  may  be  quoted  the  provisions  of  the  Scotoh  Code  for 
Higher  Grade  Schools,  which  include  the  following  :^'  Such  schools  or 
departments    may  give  an  education    which  is  either   predominantly 
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mieiitific  and  technical — Higher  Grade  {3ci«itce)  Schools — orpredoDUBaatly 
commerci&t — Higher  Grade  (Commercial)  Schools,  or  they  may  give  a  oonrse 
which  is  recognised  hy  the  Department  as  specialty  suited  to  girls  or  to 
special  classes  of  pnpils.  In  all  cases  the  Department  mast  be  satisfied 
that  the  achool  possesses  the  proper  provision  of  class  rooms,  laboratories, 
and  workshops  necessary  for  the  particular  type  of  education  to  be  given 
ther^.  .  .  .  Fapils  following  the  Higher  Grade  Science  coarse  most 
take  iu  addition  the  following  subjects  :  Mathematics,  Experimental 
Science,  and  as  a  rule  some  form  of  Manual  Work.  .  ,  .  In  the  second  yeai* 
of  the  Higher  Grade  Science  course  not  less  than  eight,  and  in  the  third 
yesJT  not  less  than  ten,  hours  a  week  must,  as  a  nile,  be  allotted  to  Science, 
and  at  least  half  of  this  time  must  be  spent  by  the  pupils  in  individual 
experimental  work.  For  the  purpose  of  this  article  three  hours  of 
Drawing  <»:  of  Manual  Instruction,  or  of  both  conjointly,  will  be  reckoned 
as  equivalent  to  two  hours  of  Science.  In  the  third  and  following  years 
Manual  InstmotiOQ  may  be  dropped,  and  the  pupil  should  devote  himself 
to  the  study  of  some  special  branch  of  Science.'  In  Appendix  V.  it  is 
further  stated  :  '  The  course  in  Science  should  proceed  from  elementary 
exercises  in  measuring  and  weighing,  and  calculations  based  thereon,  to* 
the  experimental  investigation  of  elementary  notions  of  Physics  and! 
Chemistry.  In  rural  schools,  and  in  summer,  some  investigation  of  plant 
life  and  of  the  elements  of  Botany  should  be  added.  At  least  half  the 
time  devoted  to  this  subject  should  be  spent  by  each  pupil  in  practical 
work.  .  .  .  The  Department  must  be  satisfied  that  the  teachers  have  a 
competent  knowledge  of  the  subjects  which  they  are  to  teach  in  each 
subject  individually,  and  in  the  case  of  Science  that  they  have  had 
experience  in  treating  the  subject  experimentally.' 

In  the  Reports  for  1897  and  1898  your  Committee  referred  to  the 
improvements  which  were  being  effected  in  the  teaching  <^  Science  in  the 
London  Board  Schools,  and  to  Professor  Fitzgerald's  advocacy  of  the 
extension  of  the  same  system  to  Ireland.  Tlie  Commission  on  Practical 
and  Manual  Instruction,  of  which  he  was  a.  member,  reported  strongly  in 
&vvour  of  such  work,  and  decided  that  similar  instruction  should  be  given- 
in  schools  under  the  National  Board  of  Education.  To  this  end  Mr.  Heller 
(whose  transference  from  London  to  Birmingham  has  been  already  noted)' 
has  been  appointed  Organiser  of  Science  Instruction  in  Irish  Schools,  and 
will  take  up  his  new  duties  as  soon  as  he  can  be  released  from  the  Head- 
mastership  of  the  Municipal  Technical  School  of  Birmingham.  The 
syllabuses  of  specihc  subjectis  in  the  Irish  Code  are  similar  to  those  in  the 
English  Code  of  regulations.  For  the  present  a  scheme  corresponding  to 
Course  H  of  the  English  Code  has  been  introduced  in  a  slightly  modified 
form,  and  notes  have  been  added  indicating  the  spirit  in  which  the 
instruction  should  be  given.  A  training  laboratory  is  being  equipped  in 
Dublin  at  which  selected  teachers  will  be  token  through  a  course  of 
instruction  in  heuristic  methods,  and  where  they  will  receive  the  benefit 
of  the  experience  gained  in  the  London  schools.  The  training  colleges 
not  under  the  control  of  the  National  Board  are  also  understood  to  be 
sympathetic,  so  that  there  is  very  good  prospect  that  the  Science  teaching 
in  National  Schools  in  Ireland  will  be  energetically  developed. 

The  advance  which  was  noted  last  year  in  the  work  of  the  Evening 
Continuation  Schools  does  not  seem  to  have  been  maintained,  as  will  be 
evident  from  the  following  table.  Nearly  all  the  subjects  show  a  falling 
off,  except  Elementary  Fhyncs  and  Chemistry,  Domestic  Science  and 


Kftvigation,  which  give  on  increase  ;  and  Horticulture  aod  Ambulance 
which  are  practically  Btationarj. 


Bcience  Snbjecti 

Nn 
1     iaBB-B7 

mber  of  Scho 

1,635 
9,998 

29,86G 
4,807 
2,902 

117 
13,874 
6,690 
1,129 

H13 
3,967 
6^7 
*,06S 

763 
2,300 
1,35* 

;i7 

13.030 
23.271 

126,740 

lari             1 

EacUd    ....                 .         . 

1,036 

1.216 

24,369 

Elemenbuy  Phyitiography 

Elementary  Phjaics  and  Chemialry 

Science  of  Common  Things    . 

Chemistry 

Mechanics 

Sonnd,  Ligbt,  imd  Heat .... 
Uagneliamaod-Blectricity     .       .       . 
Hnman  Pbydology          .... 

3,712 
3,135 

'.        10,910 
5,6BS 
1.366 
726 
3.83* 
G.866 

4,213 

3.116 

142 

11,499 

437 
3,005 
4,296 
3,275 

Botany 

Agrioulture 

Horticultnre 

692 

2,355 

1,001 

.1          "68 

697 
1.826 

..ajo 

Domestio  Koonomy         .... 
Totals        .         . 

19,666 
.      107,012 

19,915 

106,665 

In  the  last  Report  reference  was  made  to  the  increased  attention 
which  WAS  being  given  by  the  School  Board  for  London  to  the  teaching 
of  Experimental  Science  ia  their  schools,  and  to  the  preparation  of  a 
properly  qualified  staff  of  teachers  for  that  work.  In  this  they  have  had 
the  advantage  of  the  advice  of  Dr.  C.  W.  Kiuimins.  The  supply  of  suitable 
accommodation  and  applianceii  for  carrying  this  out  hiis  also  been  seen  to, 
to  that  the  Board  have  at  the  present  Ume  more  or  less  complete  proviiiion 
for  the  ezperimentiLl  teaching  of  science  in  79  of  their  schools  ;  of  these 
11  are  pupll-t«acher  centres,  37  are  classed  as  hig]ier-grade  schools,  and 
31  OS  ordinary  Gchools.  In  some  ca^es  there  are  both  chemical  and 
physical  laboratories,  with  lecture  rooms  furnished  with  demonstration 
tables,  with,  gas  and  water  laid  on  ;  in  others  there  in  only  one  laboratory 
specially  fitted  for  Chemistry,  but  which  can  also  be  made  ai-ailable  for 
the  teaching  of  Physics. 

In  the  Act  of  Parliument  creating  the  Board  of  Education  it  wu 
provided  that  a  Consultative  Committee  should  bo  established,  two-thirds 
of  the  members  of  wljich  should  cojisist  of  '  persons  qualifietl  to  represent 
the  views  of  Universities  iuid  other  bodies  interested  in  Education  ; '  and 
it  wiU  be  noted  with  satisfaction  that  one  of  the  members  of  your 
Committee — Professor  Henry  £.  Armstrong — baa  been  nominated  to  that 
office. 
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On  Wave-leiiglh  2'ables  of  ike  Spectra  of  the  Elements  and  Compounds. 
— Report  of  Ike  Comaniitee,  coniisiing  ti/Sir  H.  E.  RoscOE  (^Chair- 
man), Dr.  Marshall  Watts  (Secretary),  Sir  J.  N.  Lockyeh,  Pro- 
cessor J.  Dewar,  Professor  G.  D.  Liveing,  Professor  A.  Schustek, 
Professor  W.  N.  Hartley,  Profeaaor  WoLCOTT  GiBBS,  avd  Captain 
Abney. 

Index  la  the  Tables  of  Wave-leiigUia  in  the  Rsporta  of  Oie 
Britiih  Association  from  1884  to  1900. 


.bbrevUtioDs ;  Sp.^Spark  Spectm 
tnim ;  Fl.  -  Fkune  Spectrum ;  G 
Compoand-line  Spectram ;  V. 
Hpet^m. 


a;  A.  -  Arc  Rpeotrnm;  Ab.  =  Absoix>tion  Spec- 
L^Band  Spectram;  L.^^Line  Bpectram;  Cl.o 
-  Vacnam-lube   Spectrum ;    P.  =  Phosphorescent 


AiK.  Sp ,  ISSi,  p.  35i ;  1S93,  p.  387. 

Ab.,  1888,  p.  171. 
AlamtDO,  Sp..  188o,  p.  310;  1892,  p.  237. 
Aluminium,  Fl.,  IT"-  -   ""' 


1,  p.  35C 
A:,18S4,p.36e;  1893.p.40I. 
Ammoaia,Fl.,  1886,  p.  310-,.  1898,  p.  i08. 
Antimonj,  Fl,  1896,  p.  324. 
Sp.,  1884,  p,  357. 
A.,  1884,  p.  3ST ;  1894,  p.  265. 
Argon,  v..  1896,  p.  273. 
ArKDic  Ft.,  189S.  p.  322. 
Bp.,  1884,  p.  360. 
A.,  1894,  p.  264. 


Calcium,  6p.,  1884,  p.  371. 

A..  1884,  p.  371;  1892,  p.  108. 
Calcium  Chloride,  Fl.,  1885,  p.313;  1894, 
p.  257. 
Bromide,  Fl.,  1885,  p.  313. 
Flaorlde,  Fl,  1880,  p.  318 ;  189S, 
p.  320. 

Iodide,  Fl.,  1885,  p.  314. 
Oxide.  Fl,  188S,  p.  314  ;  1894, 
}.  2571  1895,  p.  322. 


Bakiuh,  Sp.,  1884,  p.  363. 

A.,  1884,  p.  362 ;  1892.  p.  206. 
Barium  Chloride,  VU  188S,  p.  311 ;  1894, 
p.  269. 
Bromide,  FJ.,  1885,  p.  311. 
Iodide,  M.,  1885,  p.  31L 
Oxide,  Fl..  1885,  p.  312;  189J, 
p.  269  ;  189G,  p  321. 
Beryllinm,  Sp.,  1883, p.  129 ;  I884,p.  364. 

A,  1884,  p.  364. 
Biamutb,  Fl.,  189G,  p.  325. 
Sp.,  1884,  p.  364. 
A.,  1894,  p.  266. 
BiBDiath  Cbloride,  8p„  1885,  p.  312. 

Oxide,  Sp.,  1885,  p.  313. 
Boron.  Bp.,  1880,  p.  274;  1884,  p.  367; 

1894.  p.  260. 
Boron  OxddB,  Fl,  1886,  p.  813. 
Bromloe.  L.,  1880,  p.  270 ;  1884,  p.  367 ; 
1900,  p.  196. 
Ab.,  1886,  p.  180  i  1892,  p.  211. 

CADMIUM,  Bp.,  1884,  p.  368 ;  1895,  p,  297. 

A.,  1892,  p.  201. 
Ca:duiij,  Fl.,  16B4,p.  371. 
Sp.,  1884,  p.  STl. 
A.,  1884,  p.  871;  18B2,  p.  196. 
1900. 


Carbon,  Bd.,  1880,  p.  265  ;  1883,  p.  129  g 
1884,  p.  374 ;  1893,  p.  412. 
L.,  1880,  p.  266;  1884,  p.  874; 
1893,  p.  406. 
Carbon  Hrdride,  Fl.,  1886.  p.  816 ;  I8S5, 
p.  317. 
Oxide,  1880,  p.  269;  1895,p.3U; 

1895,  p.  319. 
Nitride,  Fl..  1880,  p.  268;  1886, 
p.  316. 

A.,  1893,  p.  418. 
Ceriam,  Sp.,  1884,  p.  378. 
Chlorine,  Sp.,  1880,  p.  26U ;  1H81,  p.  378. 
v.,  1899,  p.  287. 
!  Chromium,  PI..  1896,  p.  334. 
''  Bp.,  1884,  i:.  380. 

A„  1894.  p.  248. 
,    Chromium  Cliloride,  Sp.,  1883,  p.  yi8. 
j    Cobalt,  ¥\.,  1895,  p.  333. 
'  Sp.,  186*.  p.  382  i  1890,  p.  226  r 

1897.  p.  75. 
!  A.,  1884,  p.  382 ;  1890,  p.  225  ; 

I  1897,  p.  76. 

I   Cojmer,  Fl.,  1895,  p.  335. 
I  Sp.,  1884,  p.  S84  ;  18D6,  p.  308. 

A.,  18S4,  p.  384  :  1893,  p.  392. 
'   Copper  Cbloride,  Fl.,  1886,  p.  318. 
!  Bromide.  Fl.,  1885,  p.  319. 

Iodide.  Fl.,  1885,  p.  319. 
Odde,   Fl.,  1885,  p.   319 ;   1896 
p.  334. 


11EPORT--1900. 


Chloride,  Ab..  1886,  p.  181. 


Galliuu,  Up.,  1861,  p.  388. 
A..  1881,  p.  38S. 
Gold,  Hp.,  1884,  p.  3%S;  1896,  p,  i 

A,.1833,  p.  400. 
Gold  Chloride,  Fl.,  188G,  p.  320. 


ItrmuM,  tip..  1884,  p.  392. 

A.,  1884,  p.  3'J3  ;  18U3,  p.  402. 
Iodine,  Sp.,  1880,  p.  371 ;  1884,  p.  393. 
Ab.,  1886,  p.  182 ;  1890,  p.  2U. 
Iodine  Chloride,  Ab.,  IS8S,  p.  18^). 
Iridium,  Sp.,  1H84,  p.  394. 
A.,  1884,  p.  B94. 
Iron,  ¥1.,  1896,  p.  3:10. 

8p.,  1884,  p.  H95  ;  1898,  p.  313. 
A.,  1884.  p.  396;  181>l,p.l61. 
Iroa  Oxide,  Bp.,  1885,  p.  320. 


Lastrimuu,  Sp.,  1884,  p.  41o. 
Lead,  FL,  1896,  p.  326. 
Sp.,  1884,  p.  417. 
A.,  1884,  p.  417;  1894,  p.  262. 
I.ead  Oxide,  Sp,  188G,  p.  321. 
Lithium,  Fl.,  1894,  p.  256 ;  189S,  p.  319. 
Bp.,  1884,  p.  420. 
A.,  1884,  p.  420;  1892,  p.  193. 


Maukesium,  Fl.,  1884,  p.  420. 
Sp.,  1884,  p.  420. 
A.,1884,p.+20;I892,p.lUT. 
Magnesium  Hydride,  1886,  p.  321, 

Oxide,  1883,  p.  321 ;  1895,  p. 
321. 
Manganeso,  Fl.,  1S9J>,  p.  335. 
Sp.,  1884,  p.  422. 
A.,  1884,  p.  432. 
MoDganefle  Oxide,  1885,  p.  322 ;  189C,  p. 
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Mercnry,  Sp.,  1884,  p.  424  ;  1885,  p.  300. 
A.,  1892,  p.  209;  18B5,p.80O. 
Bd.,  189G,  p.  312. 
Motjbdenam,  Bp.,  1881,  p.  426. 

A.,18S4,p.426;I899,p.26I. 


NICKEL,  Fl.,  1895.  p 

332. 

Sp.,  1884,  p.  427 

1830,  p 

230 

1897.  p. 

108. 

A.,  1884,  p 

427; 

1890,  p 

330 

1897,  p.  108. 

Nitrogen,  L.,  1880,  p.  259 

1884,  p 

428 

1893, p 

405. 

Bd.,  1880, 

p.  260 

1884.  p 

430 

1836,  p. 

188. 

Nitrogen  Oilde,  Ab 

1886 

p.  183. 

OauiuM,  Sp.,  1S)«4,  p.  431 

Oxygen,  L.,  1880,  p 

262; 

1884,  p. 

32. 

01.,  18S0,  p 

263; 

1884,  p. 

432. 

Ab.,  1891,  p.  245. 

PALLADIUU,  Sp.,  188',  p.  434. 

Plwsphorue,  L..  1884,  p.  434. 

Bd.,l«80,p.274;1884,p.43f. 
Phosphorus  Oxide,  Fl.,  1896.  p.  322. 
Platinum,  Sp..  1884,  p.  436 ;  1898,  p.  411. 

A.,  1898.  p.  411. 
Polassinm,  Fl..  1884, p. 436 ;  1894, p.  266; 
1895,  p.  320. 

Bp.,  1884, p. 436;  1896, p.  295. 

A..  1884,  p.  436;  1892, p.  104. 
FotOBsium    Permanganate,    Ab.,     1886, 


KowiiAHD'a  Standard  Wave-lengths,  1895* 

p.  273. 
Rubidium,  Fl.,  1884,  p.  438. 
Sp.,  1884,  p.  138 
A„  1884,  p.  138 ;  1892,  p.  195. 
Ruthenium,  Sp.,  1884,  p.  433. 
A.,  1834,  p.  438. 


SAMAliiUM,  8p.,  1384.  p.  438. 
Samarium  Oxide,  P.,  1886,  p.  186. 
Scandium,  Sp.,  1884,  p.  439. 
Selenium,  FL,  1880.  p.  272  ;  1895,  p.  323. 
L,.  1884,  p.  440. 
Bd.,  1880.  p.  272 ;  1831.  p.  440. 
Silicon,  Sp.,  1830.  p.  274 ;  1883,  p.  129 ; 
1884,  p.  441;  1893,  p.  107. 
i  A.,  1884.  p.  441. 

Silicon  Chloride,  V..  1886,  p.  Iti7. 

i  Bromide,  V.,  1886,  p.  167. 

Fluoride,  v..  1886,  p.  167. 

I  Hydride.  V.,  1886,  p.  167. 

Iodide,  v..  1886,  p.  168. 
I    Silver,  Fl.,  1895.  p.  328. 
I  Sp.,  1884.  p.  442 ;  1896.  p.  318. 

A.,  1884,  p.  142 !  18y3,  p.  398. 
I   Sodium,  Fl.,  18M.  p.  SE6 ;  1896,  p.  320. 
Sp.,  1881,  p.  413 ;  1895,  p.  296. 
A.,  1884.  p.  US ;  1892,  p.  193. 
1  Strontinm,  Bp.,  1884,  p.  411. 
I  A.,  1884.  p.  141 ;  1892.  p.  202. 
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StroDtiom  Chloride,  1866,  p.  166 ;  1S94,   |   Titaaium,  8p.,  1885,  p.  301. 

p.  238.  I  A,,  IKSri.  p.  301 ;  18M,  p,  293. 

ItTomide,  1866,  p.  168,  ,   Tuugsteii,  Sp.,  18»3,  p.  301;  18^8,  p.  3S5. 

Fluoride,  I8t>G,  p.  166.  | 

Iodide,  1866,  p.  168. 


Oxide,  VI.,  1866,  p.  169;  1894, 
p.  258;  139S,  p.  321. 
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BEPORT— 1900, 


IMDoUonto 

WHe-langth 

Intandt* 
Clwntclfli 

S^&, 

x+ 

1 

^L-^^ 

433E'60 

l-IJ 

oa 

28602-S 

31'90 

6M-T 

u-n 

e07-4 

34a6 

610-3 

83-93 

I 

612-2 

83-TO 

618-4 

3S32 

616-G 

32-6K 

61»-T 

33-23 

2 

6il'ti 

Ut-80 

2 

^ 

II 

(i28-7 

80-20 
lB-89 
19-70 


16-7S 
lC-47 
10-17 
16-6B 
15-44 
IG'SO 
14-61 
14-61 
1410 


lyGOOgIC 
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I  B«daction  to 

InteMity       j  Vwanm 

Chanutet  ,  .  [         1_ 


OaalUtJon 
Fceonencj 


2372tl-(t 
728-S 
729-7 
731-8 
TS2-4 
788-1 
785-8 
787-7 
740-4 
7*2'7 


77T-4 
784-4 
166-5 
788-2 
7S9-0 
792-7 


812-0 
8160 
817-3 


869-1 
870-9 
87S-6 
8759 
87T-0 
878-9 
88t-3 


Google 


I — ,■ 


H6-04 
*H-67 
84-27 
83-79 
«3-47 


75-63 
UiO 
U-Ol 

73-J>0 
73- 19 
72-8 
72-40 
71-80 
71-00 
70-60 
7017 


REPORT— WOO. 
UaASiUM  -teliHnmett. 


Inten^tf 
Chancter 


Oaeitlalion 
Fiegumcy 


63'!t0 
63-44 

6:j'22 
62-88 
fi2-62 
f.2-00 


OK  WAVE-LENGTH  TABLES   OF  THE  SPECTRA  OF  THE  ELEMENTS.    2l9 
VaktmiM—eontinuei. 


4166-81 

fiB'58 
61-16 
53-76 


::    I 


OseillBtioD 

Frequency 


103-4 
105-3 
105-!> 


125'9 
1S9'2 
13H'2 


2110 
2ir.-o 
2IT-2 


'Ogle 


HEPORT— 1900. 


4125-3 
Si-92 
2419 
23-83 
28  B 
23-3 
22-58 
22-3R 
21-45 

ai-0 


14-I0 

18-77 
18-27 


07-11 
06-52 
OG-08 
05-9 

06-4B 
(H'96 
04-58 
04-22 


00-67 
00-10 

4099-45 


98-20 
B7-3 
07-55 


t-13      j        6-8 


286-1 
240-4 
24S-S 


2499 
351-0 
266-6 


387 -0 
tl6B-0 
371-0 
374-8 
879-4 


397-9 

.CooqIc 
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WkTe-lengUi 
Spark 

Spactanm 


inVMi 


24399-7 
40I-S 
402-2 
403-9 
407-8 
40S 
412-e 


93-80 
96-iS 
98-97 
92-47 
9»0S 
91-66 
90-3B 
88'9S 
88-40 
87-87 
ST-fil 


4S2-6 
465-1' 
487-7 
461-3 
461-8 


84-31 
83-8S 
83-lS 
81-80 
82-20 
81-46 
80-79 
80-05 
79-Sl 
79<I0 
78-a6 
77-96 
76-86 
76-3 
76-83 
74-68 
73-98 
73-80 
73-8 
73-00 
78-20 
71-63 


474-7 
476-4 
479-6 
484-0 
4861 
489-7 
4»t-l 
498-2 
QOS-e 
BOS-8 
508-9 


528-0 

634-9 

639-4 

540-2 

643 

S46-0 

649-9 

863-4 

668-3 


S67-8 
BflS-S 


4C»68'75 
«7-!)0 
671i3 
66-97 
66'6r> 

6t;'4 


Ub  AN!  U  M—raMinv^. 


6161 
6110 

60-38 
60-28 


60TS 
612-1 
ei4-fi 
617-0 


E6-B6 
56-20 
55-86 
56-3 
G4-9!) 
64-87 
E4-4G 


49-70 
49-40 
48-70 
■lS-25 
■17-78 
47-26 


t  Fe 

n,gti7cdT:G00glc 
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WiTB-Ungth 
Spectrum 


24729-4 
733-3 
73*6 


773* 

778-2 
7792 
781-3 
782-7 


794-6 
797-7 
801-2 


841-1 
841-8 
846-4 

8*7  6 
849-8 
860-4 


872-4 
8740 
877-0 


Ogle 


REPORT — 1900. 

URAHI  O  U— OORtUIVMt. 


Wave-length 
Spark 
Spectroiu 


12-tiO 
12-38 
ia-03 
11-93 
U-64 
11-20 
11-00 
10-8H 
10-6.1 
0973 
09  60 


07-60 
07-28 
0713 
Oi-5 
05-93 
0S-S3 
06-40 
06-00 
04-80 
04-'70 
04-30 
04-20 
03'95 
03'SB 
03-32 
03-61 

oa-1* 

01-82 
01 '40 
0106 
00-87 
00-47 
00-13 


n,gti7cd3yG00glc 
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Eodttction  to 

W.ve-length 

luteniitj 
and 

TKOnm 

Spark 

^™ 

ClunotOT 

^■^- 

1 
A 

inVt^o 

3998-36 

110 

7-0 

21993-4 

97-49 

998-8 

9736 

25000-2 

M90 

012-3 

S6-1 

lb 

017-6 

96-67 

020-2 

9G-J7 

023-3 

M-42 

0280 

94<l 

In 

030-5 

S3'2 

036-6 

92-70 

038-6 

M-35 

010-8 

91-9 

Oil 

91-76 

041-8 

90-61 

051-7 

90-24 

051-0 

90-10 

OSfi-6 

89-47 

059-2 

89-02 

061-2 

SS-78 

063-8 

88-60 

066-0 

8B18 

0670 

86-87 

069-0 

8719 

073-2 

87-03 

074-2 

86-60 

076-9 

86-95 

081-0 

8S-19 

085-8 

84-80 

087-6 

84-70 

088-9 

84-33 

0912 

81-03 

093-1 

83-46 

086-T 

83-1 

099 

82-69 

092-6 

82-27 

096-1 

81^3 

097-3 

81-71 

088-7 

81-06 

111-8 

80-96 

112-6 

79-92 

7-1 

1190 

79-67 

120-6 

79-37 

1231 

TS-95 

126-1 

7B-4 

lb 

129 

77-60 

134-3 

77-22 

136-1 

76-6 

lb 

110 

76-4 

1-09 

148- 

76-18 

^ 

149-0 

74-70 

In 

162-0 

74-60 

1633 

71-16 

166-6 

7310 

160-S 

72-81 

.. 

166-9 

C^.tft^glc 
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Intensit; 
Ctumoter 


70-76 
7060 
70-30 
69-66 
69-23 


eti-10 
66-W 
65-43 
66-15 
61-85 
64-32 
63-13 
62-95 
62-60 
63-*S 
G2-1S 
61-88 
81-70 
61-29 
81-00 
60-70 


6T-08 
B0-7Z 

nS'ts 

68-: 

65-91 
65-56 
Gl'87 
64-40 
53-76 
53-13 


61-75 

60-90 
60-27 


-ccT'GoogIc 


OS  wave-lskoth  tables  of  the  spectka  of'  the  elemehts. 

Vnunvx—oontitMed. 


Reduction  lo 

Bf^T 

■nd 

Vacnonk 

OBoaUUon 

Claracter 

X-h 

X- 

3949-itO 

1-09 

7-2 

26314-4 

*85* 

318-6 

48-13 

321-2 

4T-0G 

328-2 

4C'88 

329-3 

46-40 

332-3 

46-88 

3361 

46-46 

838-E 

46-10 

340-8 

44?7 

3429 

44-33 

345-8 

43'9T 

348-1 

43'S8 

360-0 

43-00 

354-2 

42-Tl 

366-1 

42-43 

867-9, 

42-22 

359-2 

41-60 

363-2 

41-26 

365-4 

40-80 

367-4 

40-64 

368-4 

40-46 

369-6 

39-93 

378-0 

39-JS 

3S0''4 

39-27 

In 

382-2 

88-57 

882-7 

3fl<IO 

386'4 

3T-2S 

391-3 

36-88 

1-08 

393-6 

36-66 

Id 

396-7 

36-18 

S98-1 

86-62 

402-4 

34^ 

la 

406 

33'92 

412-8 

33-81 

4Ca 

413-6 

33-18 

41T-6 

32-20 

424-0 

31-86 

4276 

31-37 

In 

429-2 

31-16 

430-6 

310 

432 

30-68 

4343 

30-22 

438-6 

29-«) 

438-7                1 

29-38 

442-1                1 

39-22 

4432 

28-96 

444-9 

28-60 

447-2 

28-46 

418-6 

28-20 

449-8 

37  92 

461-6 

27-10 

456-9 

2&90 

4581 

26.-46 

461-1 

26:7 

In 

„ 

„ 

Wooalc 

fifipOKt— 1900. 

V&Uinm — eentiiMtd. 


Taoaum 

PraqoeDcy 

'* 

* 

08 

72 

2M6T-6 
469-4 
4T0'B 
4727 
4T4-1 
476-3 
478 
4B0 

481 -8 

" 

I 

486-1 
487-7 
488-8 
491-7 
493-8 
495 

49S-4 

I 

I 

499-7 
603-3 
B06-3 
GOB-0 
612-3 
614-3 

S16'3 

;; 

;; 

6176 
6189 
619-6 

II 

I 

621-4 

624-2 

626-1 

62S-S 

632 

G343 

538-0 

G39-2 

642 

644-B 

646-6 

6490 

;• 

T3 

6511 
666-7 
668-8 
E60-7 
663-9 
666-8 
668-9 
6TS-2 
6T4-0 
677-8 
6812 
5S3-I 
6851 
686-8 

690 

1; 

_     "        f 

694 

1  wAVE-ustrara  tables  o?  the  sfectba  or  the  eleuents. 


Bodoctlonto 

W.;»1,JJ11. 

Intendtr 

OtaOHioa 

B^S^ 

Chuwiiar 

i"^:^? 

1_ 

K+ 

390473 

1-08 

7-3 

266028 

0«-44 

601-6 

01-06 

607-2 

03-47 

611-0 

03-13 

613-2 

02-70 

618-6 

01-75 

622-3 

00'4B 

6306 

3889-98 

633'9 

B9-6* 

6361 

99-24 

638-7 

98-97 

640-6 

9B-1 

646 

97-87 

618-7 

97-41 

660-6 

97 '22 

6G2-0 

98-92 

2 

1-07 

" 

664-0 

98-37 

658-8 

96-07 

659-8 

96-82* 

661-2 

9B-41 

663-9 

96-20 

665-3 

91-89 

667-1 

81-26 

671-5 

93-96 

673-6 

9318 

676-7 

92-86 

680-8 

92-58 

682-7 

9222* 

6860 

91  83 

686-9 

91-22 

691-6 

90-51 

696-3 

89-54 

702-7 

8872 

708-1 

88-32 

710-8 

87-86 

713-8 

87-36 

717-2 

86 -« 

lb 

722 

86-83 

727-3 

85-12 

731-9 

84-88 

733-8 

81-17 

7362 

84-09 

738-7 

83-4 

„ 

743 

83'20 

714-6                1 

82-79 

746-8                i 

82  62 

717-8 

82-06 

750-9 

81-61 

766-6                : 

80-8 

761 

79-88 

„ 

786-9 

7973 

76T-9                1 

79-12 

H 

761-8 

cT'GoogIc 


REPORT — IflOO. 
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Spark" 

,,      1      1_               Tv^ 

Chumetw 

3878-23 

1-07 

7-3 

26777-7 

7760 

781-9 

77-50 

In 

782-5 

771 

786 

76-78 

787-4 

76-48  ■ 

784-2 

76-28 

790-6 

76-66 

794-8 

76-lfi 

798-1 

74-68 

801-3 

7*-M 

804-6 

73-28 

810-6 

78-28 

811-0 

73-03 

812-2 

72-TO 

814-4 

72-50 

81G-8 

72-06 

818-8 

71-69 

821-3 

71-52 

622-4 

71-18 

824-6 

70-73 

82T-7 

70-22 

831-0 

6990 

838-2 

69-OS 

S38-S 

68  95 

$39-6 

68-67 

842-0 

67-32 

1 

851-2 

67-17 

862-1 

66-89 

863-9 

66-62 

856-7 

6608 

SC9-3 

65-65 

1  (Fe) 

862-2 

65-26 

864-7 

6*86 

866-9 

61 6G 

868-4 

61-48 

869-5 

64-2* 

871-1 

63-90 

873-3 

63-67 

875-6 

63-25 

877-6 

62-45 

883-9 

61-9 

887 

61-30 

890-8 

60-75 

8B4-4 

59-75 

901-1 

69-16 

905-0 

B8-8 

;;    1       907-6 

6836 

1                911-8 

57-8 

"                         »1* 

67-36 

i                917-2 

66  94 

1 

1-Ofl 

1                9190 

66-7i 

921-3 

66-6 

ln<FB) 

„                         9S3 

56-96 

926-6 

65-60 

sisg-o 

t:  Go  Ogle 
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WHfl-Iengtfa 

Spuk 

Spectnua 


loteiwtj 

Cluuacter 


{        l-0« 


OBcilUUoa 


SMO-l 
D43-9 
946'B 


016-0 
0184 
020-8 
0262 
OSIO 
034-0 
036-9 


Ofll-3 
066-6 
068-7 
070-2 


ct:  Go  Ogle 


BEPOBT — 1900. 


W»T8-Ungth 

luteatity 

^"'"^             t           0«ill.tioa 

Spaik 

uid 
Character 

A  + 

1    1    ^r™? 

*"   1 

3832-07 

1-06 

7-3                    260882 

3180 

091-4 

30-77 

097-0 

30-36 

099-8 

2095 

0027 

29-50« 

105-8 

29-20 

107-8 

28-92 

; 

109-3 

2S22 

114-5 

2T-83* 

116-6 

27-S6 

119-0 

27-02 

122-7 

26-6S 

1252 

2561 

132-3 

2B-29 

134-6 

24-85 

137-5 

24-1 

143 

23-62 

146-0 

23-26 

14S'4 

2310 

149'B 

22-71 

1B2'2 

22'56 

' 

1533 

22-14 

156-1 

21-S8 

161-2 

21'1S 

162-8 

18-46 

174-4 

1919 

176-3 

1B-S6 

Id 

178-5 

18-62 

180-1 

1828 

II 

182-S 

17  80 

185-7 

17-30 

J-4 

189-1 

18-75 

1-05 

192-9 

i«-22 

196-6 

15-GO 

201-5 

IG'30 

2029 

H-Oli 

1 

206-2 

14-25 
131)4 

;; 

•; 

210-1 
212-2 

13  40 

216-9 

12-86 

219-6 

12-72 

220-e 

12-42 

222-7 

12-16 

224-4 

11-Hl 

226-8 

11-67 

327-8 

11-20 

II 

II 

231-1 

11-05 

232-1 

10-33 

2370 

09-73 

241-2 

09-30 

II 

II 

343-7 

09-12 

245-4 

0S-3q 

In 

r, 

260-7 

n,gti7fdT:G00glc 


ON  WATE-LBNOTH   TABLES  OF  TEE  BPECTBA   07   THE   ELEMEITia, 


B«dnalion  h> 

■Wave-length 

InteMilj 

Vaoonm 

Bpatk 
Bp^trnm 

ClorMtot 

^^ 

1 

\+ 

880776 

1-05 

74 

26264-8 

07-4 

lb 

267 

06'G 

263 

06W 

264-1 

0599 

267-0 

06-83 

S76-0 

06-20 

In 

2T2-4 

06-00 

2TS-S 

04-63 

377-1 

04-X 

lb 

280 

03-60 

284-3 

03-2fi 

286-9 

03-00 

2876 

02-43 

291-6 

02-10 

298-9 

01 '90 

296-2 

0I-4S 

298-4 

01-36 

299-0 

00-9 

In 

303 

00-43 

306-4 

0030 

306-3 

3T997S 

810-1 

89-36 

812-8 

9S'98 

324-9 

es-40 

819-4 

97-93 

Id 

322-8 

97-70 

824-3 

97-2 

lb 

328 

96-9S 

829-4 

96-70 

331-8 

9e'«2 

831-8 

9S-88 

333-6 

9S-20 

334-7 

96-76 

837-8 

96-29 

841-1 

94-60 

346-6 

94-15 

849-0 

98-74 

361-8 

93-46 

863-8 

93-24 

856-2 

92-69 

369-1 

92-60 

Id 

860* 

92-03 

3S3-7 

91-60 

367-4 

91-25 

8691 

901)4 

371-3 

80-60 

374-8 

90-86 

375-3 

90-03 

377-6 

,              89-76 

378-6 

!           ■   89-88 

382-2 

1             89-03 

884-5 

88-77 

386-3 

i              88-37 

3S9-1 

1              88-16 

.', 

", 

890-6 

REPORT— 1900. 


1            Bednction  to 

Bpuk 
Speotrum 

Inteniitj 

VKmun 

uid 
ClunoteT 

X-l- 

1 

^^sr 

*~ 

3787-40 

1-06 

7-4 

26396-9 

6699 

398-8 

8674 

400-5 

88-30 

In                   ',', 

403-6 

SB'S 

In           ! 

409 

86'30 

410-6 

8490 

413-4 

84-02 

419-6 

83-80 

421-1 

B2-9B 

2             1        Z 

426-7 

82-5 

lb                     " 

430 

821 

lb 

433 

81-60 

4364 

81-33 

438-3 

81-23 

443-6 

80-90 
8044 
79-3 

441-3 

In 

II 

453 

7918 

4634 

78-75 

466-4 

78-6 

469 

78-15 

460-6 

77-83 

1 

" 

462-9 

77-61 

464-6 

77-50 

In 

II 

',',                         *65l 

77-17 

[               467-2 

76-87 

1-04 

" 

469-3 

78-63 

471-0 

76-16 

474-3 

76-74 

'!. 

4769 

76-66 

477-9 

76-42 

479-5 

75-02 

4823 

74-67 

486-5 

74-22 

4880 

73-82 

491-0 

73-72 

493-7 

73-67 

492-7 

72-97 

496-9 

72-60 

7-6 

6001 

71-65 

606-8 

70'60 

613-5 

70-30 

616-6 

69  68 

619-8 

«8-95 

62G-0 

68-67 

,     627-0 

68-67 

627-8 

68-22 

'     630-1 

68-02 

531 -5 

67-62 

634-3 

67-33* 

636  4 

67-05 

„ 

638-5       ■ 

66-6 

lb 

". 

;; 

642 

n,gti7cdT:G00Qlc 
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Bednatian  to 

Spectrunt 

IntMiBty                    Vaoutm. 

Owi11*ti<m 

and            [ 

dmimcUi        '     1+             -- 

inVwtto 

376600 

1             1      1-04       1       7-5 

26G45-9 

66-47 

]n            '         «          1         „ 

6496 

M9S 

653-2 

M-71 

1                                   I         '. 

6650 

64-30 

1               1 

6B7-9 

64-00 

5600 

63-13 

BS4-0 

63-13 

666-1 

62-89 

667-8 

63-37 

572-2 

62-11 

578-3 

61-74 

675-9 

61-23 

579-6 

61-02 

681-1 

60-6 

686 

KHX) 

688-2 

S9-38 

692-6 

GS-2 

601 

67-09 

BOe-9 

G6'«2 

610-8 

M-7 

618 

65-2 

622 

G4-4S 

637-6 

B4-IB 

629-8 

63-86 

681-9 

63-7 

633 

63-22 

686-2                1 

6*02 

637-7 

fi2-S4 

1                689-0                i 

52-49 

„         1                644-4                1 

62B0 

1                642-9                1 

61-92 

„          1                645-6                1 

51-46 

618-8 

61-3 

660 

BO-Bl 

668-6 

60-14 

668-2 

60-02 

6690 

49-36 

663-8 

48-90 

66T0 

47-34 

668-7 

46-82 

678-2 

46-60 

683-3 

46-10 

686-9 

«-76 

6iS9-8 

46-S8 

1                        ..         1         „ 

6908                1 

45-16 

693-7 

44-95 

696-1 

44-65 

697-2                ! 

44:39 

899-0 

43-97 

1                '02-1 

43-56 

1                704-9                1 

48-07 

1                708-6                1 

42-96 

1                709-8 

42-67 

711-6 

43-50 

„ 

;: 

712-6                1 

C.ooglc 


n,gti7cdT:G00glc 


t  WATB-LSthlTB  TABLES  09  t&B  SPECfSA  OF 
VjUnTUM—emihaitd. 
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WkTa-lcngth 

bileiultr 

Otcillftbion 

8,K. 

CbuMkir 

^=' 

X* 

1  ^ 

3719-50 

1-03 

76 

28877-7 

18-98 

881-6 

18-78 

8829 

18-2B 

886-8 

17-60 

891-E 

1723 

893-2 

1696 

895-2 

16-72 

896-9 

16'3Z 

899-8 

15'8G 

9041 

lS-63 

905-7 

15' 16 

909-2 

14-93 

910-8 

ueo 

913-S 

H-40 

914-6 

13-95 

917-9 

13-82 

918-7 

124 

lb 

929 

11-98 

933-2 

IMO     . 

938-6 

11-00 

939-3 

10-73 

9412 

10-36 

948-4 

lO^W 

9*6-2 

09-6S 

la 

9491 

09-45 

960-5 

09-2 

962 

08-75 

In 

][ 

9B6-7 

OS-10 

960-4 

0780 

962-S 

074G 

965-0 

06'S6 

969-4 

0610 

974-9 

05-72 

977-7 

05'20 

981-6 

04-50 

986-6 

04-25 

988-1 

03-80 

991-7 

03-4G 

994-2 

<a-m 

999-0 

02'38 

27002-1 

01-9 

In 

006 

01-68 

007-9 

00-74 

0141 

OOOO 

019-4 

««8«3 

020-6 

99-60 

0223 

98-63 

Id 

029-4 

!8'10 

033-8 

97-69 

102 

086-4 

97-32 

0391 

96-98 

041-6 

96-48 

016-2 

96-26 

046-9 

96-98 

" 

" 

0188         ^ 

-1900. 

UB  A  Ni  uu—emiiitiud. 


Spark' 

-S-" 

V»cnom 

OacOlaUoi. 

^iH-""/ 

Spectrum 

Chuuttr 

r- 

3695'3S 

In 

102 

7-6 

27063-1 

81'95 

056-3 

S4-46 

060-0 

93-89 

OMl 

9346 

067-3 

93-08 

070-1 

U2'4B 

074-4 

9216 

079-6 

92-07 

077-5 

91-6S 

080-6 

9115 

081-6 

91-00 

085-3 

90-43 

081-2 

90-18 

091-3 

89-80 

0911 

B9-37 

097-3 

89-19 

098-6 

88-93 

100-5 

88-53 

103-5 

88-02 

107-2 

BT-88 

108-2 

87-66 

110-6 

87-27 

112-7 

87-13 

U3-8 

86-93 

115-7 

86-63 

117-4 

868* 

122-6 

86-71 

121-2 

8S'16 

1261 

84-77 

131-1 

Bt-4C 

133-4 

84-30 

134-G 

83-75 

7-7 

138-6 

83-00 

144-1 

82-63 

116-8 

82-25 

149-6 

81-85 

152-6 

81-07 

Id 

1583 

80-68 

161-2 

80-45 

162-9 

80-10 

165-5 

79-99 

166-3 

79-54 

169-6 

78-93 

174-1 

78-3 

179 

77-82 

182-3 

77-60 

184-0 

77-2 

187 

76-75 

2d 

190-2 

75-75 

Id 

197-6 

75-26 

2013 

7619 

201-8 

74-90 

203-9 

74-25 

208-7 

73-56 

„ 

» 

2188 

■v,  Google 


OH  WAVE-LENQTfi  TABLES  OF  THE  SFECTBA  OP  THE  ELEMENTS. 


Bedaelionk. 

Spectnm. 

IntensitT 
Chanolei 

Vaeaam 

o«iikti<M 

» 

_1_ 

Preqaaoo, 
in  Vacuo 

3e73'32 

1-02 

7-7 

27216-3 

72-T« 

219-8 

7198 

22C-6 

71-75* 

227-2 

707 

235 

7<M0 

2373 

70-26 

238-3 

69-GO 

241-0 

6*83 

246-2 

6890 

248-4 

68'2fi 

In 

263-2 

68-13 

2541 

C7-9 

266 

67-30 

-     260-3 

66-95 

Id 

206-3 

66-35 

207-6 

66-28 

268-0 

6fi-6 

In 

273 

663 

276 

M-92 

278-0 

64-69 

279-7 

61-40 

283-9 

64-0 

In 

285 

636 

288 

68-2 

291 

62-8 

291 

62-50 

296-1 

6210 

2990 

61-60 

802-8 

61-47 

304'4 

60-90 

3080 

60-6 

311 

60-27 

313-3 

59-76 

317-1 

69-28 

:t20-7 

BUS 

321-3 

68-8 

In 

324 

68-30 

327-4 

M-OI 

329-6 

67-60 

i-iii 

833-3 

61-09 

386-4 

5«-80 

1 

338-6 

66-40 

341-6 

66-80 

342-4 

6609 

3U-0 

55-«l 

847-5 

66-36 

349-5 

66-OS 

351-7 

64-80 

863-6 

64-43 

366-8 

01-25 

357-7 

63-66 

362-2 

E3'34 

>. 

„ 

364-fi 

cT'GoogIc 


aEPOHT-^1900. 
tTaAKi  UK — aontiiHud. 


W.Te-length 
Spuk 

InteQiitj 

Vunnm 

OKillitian 

flpectnun 

CluiutaE 

A  + 

A.  " 

3862-21 

1 

1-01 

7-7 

27373-0 

51-6 

lb 

378 

DO-S 

lb 

384 

60-G6 

386-4 

60-16 

388-t 

1983 

390-8 

49'B3 

393-1 

49-02 

396-9 

4B-65 

399-T 

48-27 

402-a 

*7-» 

la 

joe 

47-7 

In 

407 

47-00 

412-1 

ie-63 

414-9 

46-13 

418-6 

4B-a2 

421-0 

4G-60 

» 

422-6 

46-19 

426-7 

44-93 

4277 

44-38 

431-8 

4376 

436-6 

43-2 

lb 

411 

4Z'9G 

442-6 

42-69 

446-3 

42-20 

448-2 

41-37 

454-6 

41-09 

466-6 

40'B4 

458-6 

40-17 

463'S 

39-76- 

466-7 

39-31 

7-8 

469-9 

38-79 

4T39 

38-33 

477-3 

33-03 

479-6 

37-63 

482-6 

36-7 

lb 

490 

36-3 

lb 

493 

36-74 

496-9 

35-46 

499-1 

3617 

501-2 

34-70 

504-8 

34-40 

60M 

33'4S 

6146 

33-06 

617-3 

82-9 

618 

82  33 

5227 

82-0 

625 

30-84 

634-0 

30-40 

637-4 

3017 

639-1 

2970 

642-7 

29-26 

H6-1 

88-96 

.. 

» 

648-3 

V,  Google 


Our  VATS-LEHQTH  TABLES  09  tAS  SMfftU  Of  tUt  BLEMEKTS.     iil 

Vaxsi-uu—emiinuei. 


T.»B.l8ngtli 

BpiriT 
Spedtoim 

Inteiuitr 
And 

CbMMtM 

Tfcooom 

OacilUtion 

A+ 

1_ 

862861 

1-01 

7-8 

27651-7 

28-23 

6E3-B 

37-86 

6567 

8T-60 

668-6 

27'a 

662 

26-95 

663-6 

2600 

2r 

666-2 

36-65 

573-6 

26-25 

676-5 

26  00 

678-4 

2*76 

680-3 

24-42 

682-8 

21-00 

586-0 

23-6 

689 

23-21 

6B20 

22-88 

E94-9 

22-46 

69T-8 

22-26 

CSS'l 

2200 

601-8 

21-72 

603-4 

21-66 

603-9 

21-20 

1 

607-3 

21-03 

608-7 

ao-68 

611-3 

20-31 

614-1 

19-95 

616-9 

19-56 

619-9 

19-32 

621-7 

18-94* 

624-6 

18-65 

626-8 

18-2 

lb 

630 

17-72 

Id 

1-00 

633-9 

17-28 

637-3 

16-90 

640-2 

IS'49 

643-3 

16-98 

6472 

16-6 

660 

16-42 

1 

661-6 

15-16 

653-6 

14-85 

665-9 

14-t 

669 

14-16 

6611 

13-96 

662-8 

13-66 

666-8 

13-30 

667-7 

12-88 

670-9 

127 

672 

12-06 

677-3 

11-86 

678-8 

1144 

6S2-0 

11-20 

683-8 

1*87 

686'4 

10-66 

.. 

,. 

688-0 

<  vCt^oglc 


WkTs-length 

Spark 
Bpectram 


HEPOBT— 1900. 


Intenaitj 

Chuactcr 


OKillMion 
Preqnency 


03-81 
08-68 
08-20 
07-97 
07-18 
07-52 
07-15 
06-51 
00  26 
06-00 
05  90 
OS-66 
05-35 
OiSO 
04-63 
04-3S 


708-6 
713-9 
712-0 


734-7 
7365 
739-6 


00-03 
3CS9'60 
&a-13 
98-72 
98-4 
98-2G 
97-95 
97-78 


773-8 

776-8 

779-» 

782 

783-4 

785-8 

786-8 


9S-U 
9426 

93-88 


803-4 
807-6 

814-3 
817-1 


824-7 

827-9 

831-4 

83:1-6 

836 

8419 

843-6 

846-G 


t:  Go  Ogle 


r   n^AVE-LENOTH   TABLES  OF  THE  SFBCTItA   OP  THE   ELEMENTS. 
USAKIUU— iwiliftued. 


WdTB-length 

-Si'" 

VMniUn 

^r^ 

Spark" 

Speottom 

Chuftcler              ,,+ 

^" 

3689-3 

lb           1      1-00 

7-9 

27868 

8S'G 

lb 

859 

SS'Ou 

862-4 

87-70 

8661 

H72 

lb            1 

869 

S6'6 

lb 

I                874-6 

86'02 

878-3 

SG'M 

881-9 

86'3S 

1 

883-5 

86-05 

886-6 

8*-I3 

892-6 

In 

897 

834 

899 

8300 

901-7 

82-23 

2 

907-8 

82-02 

9094 

81'4l 

914-0 

80-46 

In 

921-2 

SO'30 

In 

922-7 

79-99 

9266 

79-56 

928-6 

78-12 

931-9 

78-97 

9330 

78-63 

936-3 

78-1 

lb 

940 

77-26 

0-99 

946-7 

77-05 

948-3 

T678 

flBO-8 

7641 

963-1 

76-97 

986-4 

76-64 

968-9 

74-98 

in 

966-3 

74-B6 

968-5 

74-26 

970-7 

73-40 

976-T 

73-10 

979-1 

72-76 

982-0 

72-r.5 

983-6 

72-27 

1 

98B-7                1 

71-66 

988-8 

71-42 

992-0 

n-19 

993-8 

70-80 

907-0 

70-34 

28000-4 

70-06 

002-5 

69-86 

004-4 

69-72 

008-4 

69-25 

009-2 

88-97 

1           ;, 

011-4 

98-83 

012-6 

68  45 

015-6 

G8'19 

017-6 

67-97 

019-3 

97-86 

021-8 

67-18 

1 

., 

>. 

025-(i 

ftEMUT— ISOO. 
Urah  I  UM—eontimitd. 


yfvre-UagOi 

L.ton«ty                  to  V«nuDi 

'SVS 

Spark 

uid 

Chuacler 

x+ 

X 

3666-73 

2 

099 

79 

28029-S 

68'56 

1 

OToa 

65-93 

2 

" 

0351 

65-66' 

0381 

65-20 

04O9 

65'07 

011-9 

64-78 

044-2 

64'40 

047-3 

64-1 

050 

63-85 

061-7 

63-60 

063-6 

63-50 

054-4 

63-23 

066-4 

62-26 

In 

064-2 

61-95 

066-6 

61-62 

0692 

61-24 

I 

" 

072-2 

6065 

In 

0T69 

60-6 

., 

078 

60-10 

081-2 

69-21 

088-2 

68-71 

0922 

58-22 

0960 

58-00 

097-8 

67-75 

099-8 

57-49 

101-8 

6715 

104-5 

66-76 

107-* 

66-43 

iiai 

(,6-05 

118-7 

65-70 

116-9 

66-62 

117-3 

65-00 

121-6 

64-70 

123-9 

64-43 

12S-0 

6*00 

129-4 

53-62 

132-4 

63-1 

lb 

136 

62-84 

U8-6 

62-36 

142-2 

61-95 

e'-o 

14&'5 

61-49 

149-2 

61-24 

161-2 

6102 

1629 

60-77 

164-9 

5068 

16B-6 

E043 

15T-6 

49-88 

In 

161-9 

49-36 

;;    1       186-1 

48-95 

1                169-S 

48-4 

lb 

i^* 

47-96 

1                177-2 

47-70 

1 

,', 

179-3 

n,gti7cdT:G00glc 


r  WAVE-LZNOTH  TABLES  OF  TBB  8FECTBA   OF  THE  ELEMEKTS.      2i5 


IMnetionto 

Intonntj 
Cb»>ct«r 

Vtenom 

inVaoiM 

.. 

1 
a" 

3U7-3B 

0-99 

8-0 

281820 

1690 

ISS'6 

1655 

188-4 

46-31 

,     190-8 

*5  8e 

19S-9 

US6 

201-S 

M'lO 

206-6 

u-n 

;i 

207-8 

13-90 

209-6 

43-68 

2121 

43'3G 

213-9 

43-9 

317-6 

42-8 

221 

42-06 

224-0 

4146 

228-9 

4116 

281-1 

40-SS 

234-0 

40-6* 

286-6 

3S-81 

2131 

39-60 

213-8 

39-40 

345-4 

8910 

247-8 

38-81 

2S0-1 

38-57 

2520 

38-3fl 

263-8 

3800 

0-98 

266-6 

3T'60 

269-8 

87-28 

262-8 

3S96 

2661 

36-62 

268'3 

3S-36 

270-6 

36-0 

273 

36-8 

271 

36-3 

2T8 

86-1 

2S0 

S4-G0 

281-6 

34-28 

286-8 

33-75 

2906 

8818 

89G't 

32  97 

296-8 

32-80 

298-2 

33-3 

S02 

81-86 

30B-7 

31-29 

310-3 

311 

In 

812 

80-80 

318-3 

29-96 

320-9 

29-76 

332-5 

29-36 

326-7 

29-26 

3266 

28-87 

329-6 

28-60 

8326 

38-10 

836-1 

3778 

S38-B 

27-W 

« 

344-7 

,,  Google 
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HEPOHT— 1900. 
UKUftm—  wntinned. 

[ 

WaTe-lanrUi 

Inteniitj 
Ud 

VMQiim             1 

O«jill«tion            1 

.X. 

»  1  -;- 

^='      , 

3G2G-71 

0-9B                8-0 

28S(6-8 

26-25 

350-7 

26-98 

362-9 

25-88 

353-7 

25-35 

368-0 

24-93 

361-4 

24-62 

363-8                1 

23-77 

370-7                1 

23-62 

BT2-7                 1 

22-9 

lb 

378 

22-72 

379-2 

22-22 

883-2 

21-67 

387-6                1 

2098 

393-2 

30J5 

1 

19-91 

101-7 

13-55 

404-e                ' 

1                IMS 

"                    'i 

407-8 

17-03 
16-65 
15-66 
16-43 
16-10 
1483 
11-65 


11-03 
10-65 
10-25 
09.85 
09-62 
09-25 
09-21 
08-49 
070 
07-47 


453-2 

466-7 
468-9 
460-7 
162-6 


483-2 
4SS-B 
188-0 


104-6 
406-7 
609-3 
610-1 


..Google 


OK  WAVE-LBtfGTH  TABLES  OP  THE   8PECTEA,  OF  THE   ELEMENTS.      247 


Badnclion  to          '                                        | 

WnnAeagOi 

IntMuit; 
uid 

VMUutn 

Freqneoey 

Sp(^ 

SpMlnmi 

ChuiacteT 

A  + 

1_ 

inVscdo 

ssoi-es 

In 

0-98 

8-1 

28517-3 

OSM 

6203 

08-20 

620-9 

01-85 

62S-7 

04-88 

626-6 

04-17 

629-3 

03-9T 

Id 

;;    '       681-0 

0!-W> 

»         1                534-8 

03-16 

„                         687'B 

0379 

X 

1              540-4 

Ot'lB 

In 

6430 

Ot-9 

lb 

5«S 

01-47 

651-4 

CllE 

Ind 

664-0 

00-«G 

„ 

668-2 

00-65 

669-8 

00-27 

6S1-S 

8489-98 

;;         1                563-5 

99'B3 

5872 

99-M 

669-S 

98-90 

097 

!                672-3 

98-78 

,                673-4 

•8-67 

„          1                BT61 

M-S7 

5768 

•7-81 

6811 

97-45 

684-1 

97-28 

686-9 

97-08 

'                SB7'4 

96-7 

690 

M-B7 

„                      691-4 

9S-1B 

6950 

95-87 

597'3 

M-04 

1                804-1 

M-19 

610-6 

98-67 

6133 

6362 

ete-2 

«»7 

620-8 

W-* 

lb 

6265 

92-0 

lb 

629 

91-6S 

632-6 

90-97 

63T-3 

90-77 

639-0 

90-4S 

641-6 

8»-76 

647-2 

89-63 

643-0 

89-00 

663-4 

88-86   ■ 

668-8 

87-76 

663-7 

87-25 

867-9 

87-07 

669-3 

8(-47 

" 

674-1 

88-16 

676-7 

88-46 

;;                         683-6                1 

8610 

685-S                1 

8471 

„ 

6887                1 

<  V,  Google 
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BEFoar— 1900. 
DsunnK— oMfiMMA 


Bednotionto 

WftTa-IsDglli 

Inteniity 

Vtexma 

(haHMticoi 

ud 

».•*■ 

1_ 

Pregnancy 

inVunw 

3484-18 

0-B7 

8-1 

28690-1 

839.8 

694-7 

8373 

696-8 

8330 

700-3 

82-67 

70B-B 

82-10 

7077 

81-9 

712 

81-3 

717 

80-19 

723-4 

79-99 

727-6 

79-10 

78!-S 

78-17 

740-1 

78-01 

741-0 

77-68 

746-6 

77-26 

760-1 

78-66 

766-S 

76-30 

768-1 

76-08 

768-9 

75-88 

761-6 

7B-18 

787-4 

74-7B 

770O 

71-56 

774-3 

73-90 

„         '                778-0                1 

7S-B7 

780-7                1 

73-19 

783-9 

78-00 

78S-B 

7273 

__ 

787-7 

72-67 

788-3 

72-26 

1 

" 

791-7 

7190 

794-6 

71-26 

11 

7999 

70-8 

8-2 

804 

70-47 

808-8 

69-96 

810-6 

69-7 

813 

69-38 

8161 

6928 

81S-2 

68-70 

881-0 

68-26 

821-7 

67-86 

828-1 

67-3 

833 

66-80 

837-8 

66-BO 

839-3 

66-06 

843-2 

6S-6 

Ind 

847 

6618 

860-8 

61-82 

863-3 

6411 

8S6-7 

63-82 

861-6 

6350 

861-3 

6287 

869-B 

62-10 

873-6 

62-17 

87S-1 

61-68 

879-8 

61'ie 

.• 

.. 

889-< 

n,gti7cdT:G00glc 
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Bpuk 
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314I-6S 
41-16 
40-7* 
40-3T 
40-20 
400T 
39'6S 
39-26 
38S4 
38-66 


HEPOHT — 1900. 


34'92 
34-70 
34-42 
33-86 


30-87 
30«) 
30-36 
29*7 
3906 
28-30 
2S-06 
27-90 
27-68 
27-20 
2672 
26-62 
26-97 
26-66 
26-48 


2316 
32-63 
22-46 
318S 
31-52 


V,  Google 
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LilenBiljr 
Cbftracter 


Oidllation 
Freqaenc; 


0-96       I        B-3 


29226-7 
229'S 
331-8 
233-9 


242-3 
243-9 
24G-0 


25T-1 
369-7 
261-8 
263-3 
265-4 
267-8 
269-7 
278-0 
278-8 


292-3 
296-7 
297-8 
302-6 
306-2 
806-5 
310-8 


317-6 
318-6 
320-3 
322-7 
32t'!) 
826-2 
32S-0 
933-0 
834-2 
338-7 
312-6 
346-1 
347-9 
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Intrasitj 

Vtooom 

Ouillition 

Spu-k 

uid 

^=' 

Bpwtrum 

CharMlu 

A  + 

A- 

0-95 

8-3 

29385-9 

991-6 

" 

" 

893-6 
3966 
897-8 

;; 

;; 

398-S 

400-4 

I 

;; 

4029 
404-9 

I 

I 

406-6 
408-6 
414-3 
417-2 
41S-9 
423-9 
4266 
428-6 

s'i 

432-0 

;; 

433-0 
436-2 
4403 

I 

I 

4421 
447-4 
451-6 
469-9 

461-2 
463-0 

" 

" 

465-7 
4663 
478-2 

479-8 

" 

II 

481-6 
486-3 
489-2 
491-B 
591'S 
597-0 
500-9 
603-2 

I 

11 

506-1 

513-6 

619-3 

522-7 

626-8 

529-3 

636 

637-4 

639-2 

641-1 

543-9 

646-3 

662-9 

6560 

E«60 

« 

» 

668-6 
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ana 
Clunoler 

Tkontim 

OKUktiOD 

A  + 

1 
A~ 

3380-83 

2 

0-96 

8-4 

293701 

8037 

674-2 

79-95 

677-8 

79-80 

679-1 

79-63 

681-6 

79-00 

586-1 

78-87 

687-3 

78-40 

691-6 

78-]  5 

593-6 

77-86 

0-94 

698-9 

77-20 

lb 

601-9 

7868 

606-6 

75-96 

612-9 

78  05 

620-8 

7i-6 

623 

74-83 

627-2 

7i-23 

628-1 

78-84 

631-4 

■  73-67 

633-8 

78-20 

la 

637-0 

7274 

iDd 

640-1 

72-18 

646-0 

71-46 

6E2-1 

71-16 

666-1 

7106 

6B61 

70-83 

667-9 

70-60 

6598 

70-38 

662-7 

7011 

6862 

«9-82 

666-8 

BB-4 

lb 

669-B 

89-00 

6740 

68-90 

674-9 

68-44 

678-9 

68-02 

682-6 

67-86 

634-1 

67-68 

685-6 

67-60 

687-2 

66-99 

692-6 

66-70 

694-3 

66-60 

696-0 

65-77 

702-6 

66-80 

706-6 

64-78 

711-2 

6406 

717-T 

83-60 

721-6 

63-40 

723-5 

62-87 

728-5 

6216 

7341 

fl-86 

737-0 

61-37 

8-6 

7413 

60-97 

744-8 

60-80 

746-3 

60-60 

7490 

60-27 

" 

761-0, 

,      ,    l.oog 

c 
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Wuie-length 
Spuk 


Intensit; 
Chuacler 


57'70 
67-32 
C6'65 
66'3S 
£615 
66-00 
05-56 
fiS'21 
64  94 
6}'6S 
64-22 
63-76 


60'4G 
60-20 
4!)-e6 
4919 
4S'86 
4816 
48-00 
47-72 
47-17 
46<8T 
46-66 
46-35 
4613 
48-00 
45-67 
4600 
44-46 


40-80 
40-47 
40-23 
39-66 

39-37 


,,  Cookie 


3*10 

33'10 
32flO 
3212 
3193 
31'4E 
3112 


30-50 
30'OB 
29'65 
29-*7 
29'IS 
2870 


27-20 

26-88 
26-53 
26-32 

26-81 
25-38 
24-77 


22-83 
22-55 
22-26 


013-2 
0155 
017-0 
022  2 
02(-7 
026-3 
029-2 
033-3 
036-0 
042  7 
044-8 


016-9 
121-0 
126-2 

i2i;'9 

130-1 
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S56 
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1 

WtTe-lenetli 

Inteniitr 

Vxnram 

OKilUtJon 

^^? 

CbuMter 

X-l- 

A- 

S317'G2 

0-93 

8-6 

8013!I'6 

17-37 

136-7 

16-90 

1400 

16-7 

lb 

142 

16'1 

lb 

147 

16-23 

16E-2 

14-73 

169-8 

1*22 

164* 

14-13 

166-3 

13-91 

167-2 

13-28 

173-a 

12-6* 

178-8 

ia-0 

186 

11-87 

185-8 

11-B5 

in 

188-8 

111 

Ind 

193 

10-65 

1971 

09-82 

204-S 

09-lS 

207-9 

09-37 

" 

208-7 

09-08 

211-S 

08-60 

2157 

08-40 

217-6 

08-1 

220 

07-72 

223-7 

or* 

lb 

227 

06-7 

233 

06-39 

236-8 

06-06 

2E8-8 

06-3 

lb 

246 

0*-85 

260-0 

03-73 

2620 

03-46 

262-7 

0317 

265-3 

03'02 

266-7 

02-67 

269-8 

02-43 

272-1 

01-97 

276* 

01-76 

278* 

01-47 

"                         280-9                 1 

01-32 

282-S                 ] 

00-95 

285-7 

00-BT 

286-4 

00-6 

289 

00-33 

291* 

8299-99 

0-92 

294-6 

99-86 

295-7 

99-25 

BOM 

9861 

307-0 

98-06 

3123 

97-72 

"                         316-*                 1 

97-3 

319 

96-95 

322-5                 I 

96-67 

386-0                J 

96-42 

", 

,  S27-S               i 
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BedDclioD  to 

w™.»^ 

"S"' 
^ 

V«cnnni 

OBdllntioD 

s. 

1 

"XS 

S29S9B 

0-93 

8-6 

80331-7 

96-69 

334-1 

96-37 

;; 

33T-0 

9S-00 

340-* 

94-28 

347-0 

94-13 

3482 

93-77 

3B1-7 

98-lB 

8675 

92-61 

363-4 

9X-81 

372-6 

91-23 

37B-S 

91-10 

376-4 

90'fl3 

380-7 

90-27 

384-0 

89-60 

390-3 

89-SO 

391-2 

88-76 

» 

8-7 

398<l 

88-38 

4014 

88-06 

404'4 

87-63 

408-9 

86-3 

416 

86-63 

4176 

86*2 

419-6 

86-09 

422-6 

S6'T6 

426-6 

85-44 

428-6 

85-20 

430-8 

84-80 

434S 

8455 

4371 

.   8417 

440'4 

S3-92 

442-7 

83-30 

usz 

82B 

453 

82'6S 

464-2 

S2-3 

459 

81-83 

462-1 

81-70 

464-3 

81-26 

468-4 

80'95 

470'3 

SO-80 

471-T 

80-53 

4741 

60-20 

".    1    ','. 

477-2 

79'75 

481-4 

78-38 

484-9 

79-2B 

486-0 

78-6 

lb 

492-1 

7T-T 

2b 

600-5 

7737 

604-5 

76-80 

608-9 

76-83 

I 

613-3 

7B'& 

lb 

1             6Z0 

ItsTti 

-I 

528-6 

7*'iO 

'             B31-3 

7113 

633-9 

73-66 

In 

» 

» 

B38-3 

..C.oogic 
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RHncti^  to          1 

8p.r^ 

Int«^dtj 

^—            1         O. 

Fi 

Speclmm 

Cbaractei 

A-.          1         {- 

32T3-4S 

In 

093       1        8-7 

31 

7325 

72'76 

In 

7333 

71'6G 

71-3 

lb 

70-73 

70-32 

6996 

60-66 

60-30 

G8'95 

68-8 

fi8'35 

67-93 

67'80 

6710 

" 

67-17 

■' 

66-68 

6636 

66-07 

6S'99 

«-83 

6*-55 

83-93 

63-67 

63-28 

63-00 

62-60 

61-89 

61-27 

61-16 

SI -05 

60-70 

69-99 

0-91 

69-65 

59-08 

58-65 

58-23 

57-516 

57-60 

67-40 

66'8S 

66-60 

66-18 

55-60 

66-20 

66-00 

64-73 

64  44 

63-50 

62-05 

52-80 

62-60 

62-3 

In 

", 

2 
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0222*6 
U2']e 
il'SS 

i&a 

19'3S 
IS-SO 

1T-8B 
17-18 
16T0 
le-lB 
lS-39 
U-96 
14-87 
U-42 
ll-W 
18-80 
18S2 
13-2fi 
18-77 
12-00 
11-4S 
11-20 
10-8 
10-10 
09-8 
09-33 
08-7 
08-ST 
07-4 

oe-37 

08-18 
05-9 
00-26 
04-79 
01-4S 
03-9 
03'6fi 
03-38 
02-90 
02-60 
01-78 
01-4 
00-80 
COM 
SI99-7S 
99'38 

sg-o 

98'4G 
98-30 
96-90 
96-a 
90-7 
9G« 


n,gti7cdT:G00glc 


87-65 


77-79 
77-48 
78-78 
76-34 
76-60 


72-24 

71-96 
71-53 
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S193-46 
93-36 
92-83 
92-90 
91 '90 
91-02 
90-86 
90-6 
89-66 
89-lT 
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R*^action  to 

w™i..go, 

lateneitf 

Vwmnm 

-       OBcillation 

8SIL. 

A-H 

1 

"firs' 

81(2-46 

0-90 

9-1 

31813-a 

12-03 

817-5 

41-75 

0-88 

820-4 

39'69 

841-3 

39-29 

846-3 

3S'99 

848-3 

3S-e 

662 

38-4 

864 

37-8B* 

869-9 

37-01 

868-4 

38-30 

876-6 

3S-98 

879-6 

84-9 

lb 

890 

S3-99 

899-1 

38-89 

902-2 

33'GO 

904-1 

32-76 

911-7 

33-82 

9161 

32-07 

918-7 

31-72 

922-2 

31*2 

926-3 

80-67 

2a 

933-0 

20-86 

943-2 

28-88 

In 

961-2 

ze-zo 

in 

9S8-2 

9T75 

962-8 

37-35 

966-9 

26-78 

872-7 

26-28 

977-8 

2S-03 

990-6 

24-68 

9B6-7 

84-28 

998-3 

23-82 

32003-0 

28-70 

004-2 

22-8 

013-6 

22-48 

017-2 

21-97 

" 

022-0 

21-ffl 

026-9 

21-lB 

030-4 

ao-97 

032-1 

8077 

In 

0S4-4 

20-26 

039-6 

19-99 

042-3 

l»-42 

048-2 

19-18 

061-1 

18-88 

la 

063-7 

18-Sl 

057-6 

18-18 

061-3 

17-76 

065-8 

1714 

071-6 

16-88 

074-8 

16-68 

07T-9 

ie-02 

2 

',. 

088-0 

Google 


REPOBT — 1900. 


Bednelion  to 

Wave- length 

Intensity 
and 

Vftonnin 

iuVtcno 

.. 

A 

3116-12 

0'88 

91 

32092* 

1176 

92 

09fll 

14-42 

099S 

13-76 

108-4 

1316 

112-6 

12'G0 

Id 

HAS 

12-36 

120-9 

11-76 

127-0 

1162 

129-6 

lose 

1362 

10-66 

1884 

10-3 

142 

09-9 

14S 

09-4 

161 

08-79 

167-8 

08-43 

161-4 

08-07 

1661 

07-79 

16S-0 

07  66 

Id 

169-6 

07'47 

171-3 

06-9 

lb 

177 

06-42 

1802 

0G-2B 

183-6 

06  73 

189-4 

06-50 

191-7 

05'20 

194-8 

04-8 

lb 

199 

04-27 

204-5 

03-87 

208-7 

03-10 

216-7 

02'7O 

In 

220-8 

02'66 

222-4 

01B6 

087 

229-7 

01-06 

In 

237-9 

00-97 

239-8 

00-23 

246-6 

8099-9 

250 

99'4 

In 

266 

982 

M7 

98'8S 

360-6 

98-77 

261-7 

9816 

268-1 

97  OO 

280-1 

96-70 

283-2 

86-97 

290-9 

96-86 

292-1 

96-33 

297-E 

9516 

299'3 

94-92 

„ 

801-8 

94-67 

305-4 

9397 

^ 

311-7 

93-61 

316-S 

93-16 

B20'3 

91-7 

lb 

" 

336-6 

914 

lb 

" 

339 
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Badaction  h> 

WkTC-length 
8i»rk" 

Intenut; 

VMuam 

and 

Clunater 

k  + 

^- 

»".? 

3090-70 

0-87 

9-2 

32346-0 

9045 

3485 

89-88 

363-0 

89-10 

362'T 

88-68 

3671 

88-06 

3737 

87-80 

376-3 

87-23 

881-3 

86-90 

886-8 

86-18 

393-8 

86-60 

399-3 

81-8 

408 

84'37 

412-3 

8376 

9"3 

418-8 

83-2 

424-6 

82-7 

430 

82-14 

436-7 

81-18 

446-8 

80-83 

4496 

80-10 

1 

467-2 

79-40 

464-5 

79-06 

468-1 

78-65 

473-6 

77-98 

479-9 

77-7 

482-6 

77-60 

4S4-6 

76-7 

493-1 

78-2 

498 

76-93 

612 

76-60 

606-7 

76-lG 

609-4 

74-62 

eis-1 

74-47 

618-7 

73-93 

522-3 

78-60 

626-8 

73-3 

629 

72-91 

638-2 

72-47 

537-8 

71-87 

549-2 

71-e 

548 

71-17 

651-6 

70-80 

665-6 

70-40 

668-8 

69-6 

669 

69-3 

571 

6874 

677-4 

67-86 

686-8 

87-37 

691-9 

67-00 

695-8 

66-43 

601-9 

66-8 

609 

6B-4 

612 

6602 

616-9 

e4'70 

6E0-S 

64-80 

.1 

.< 

(t24-6 

-1900. 


Wave-length 

Intensity 

Vaouum 

Spuk 

^r^ 

Spectmm 

ClunatflC 

'"■        \       l- 

30B3M 

0-87                9-3 

32688-0 

63-62 

631-8 

a3-2S 

685-8 

62-97 

0-86 

638-7 

62-63 

642-6 

63-23 

646-6 

61-74 

619-3 

61-30 

666-9 

60-80 

661-9 

60-16 

668  8 

fi9-68 

673-9 

69-3 

678 

C9-1 

680 

68-06 

6B1-3 

67-86 

698-8 

66-83 

703-3 

66-98 

718-3 

66-n 

716-3 

6S-18 

722-0 

64-8« 

7S5-3 

646 

729 

63-42 

9-4 

740-4 

62-96 

746-7 

62-66 

760-0 

SS-00 

766-0 

61-48 

761-B 

5120 

764-6 

60-61 

771-0 

60-80 

774-3 

49-8 

lb 

778-6 

49-06 

787-7 

43-76 

791-0 

48-46 

794-2 

47-98 

7B9-2 

47-66 

802-8 

46-96 

810-2 

46-6 

814 

46-66 

826-1 

4S1 

830 

44-26 

889-8 

44-1 

841 

4S'S 

860 

42-86 

864-6 

4M) 

864 

41-3 

871 

40-6 

881 

40«l 

885-3 

39-5 

;; 

893 

38-68 

900-7 

38-01 

906-8 

3T-B8 

910-9 

37-88 

918-7 

36-7 

921 

3663 

993-0 

38-06 

.. 

.. 
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RMlnctiDD  la 

W.Te-Wh 

Litenut? 
ChuTMrter 

V>CDam 

Prequenoy 

8p»rk 
Spectr,™ 

A  + 

I 
A 

3035-60 

0-86 

9-4 

32933-0 

84-60 

94S'5 

84-IS 

948-8 

33-86 

952-0 

33-63 

966-6 

33-27 

968-3 

82'6S 

9684 

33^9 

971-1 

31-«6 

976-4 

30-9 

lb 

984 

30-45 

989^) 

29-5B 

999-3 

89-83 

33003-4 

28-7 

In 

008 

28-48 

fflO-S 

28-3S 

012-1 

27-77 

018-2 

88-99 

036-7 

26-77 

029-1 

28-68 

031-6 

S8-2S 

9-S 

045-6 

26-16 

046-6 

24-67 

063-1 

23-9 

In 

OGO 

83-4 

066 

8Z-9i 

0-86 

070-9 

28-88 

0749 

82-81 

077-8 

21-68 

084-7 

21-30 

087-8 

21-08 

091-9 

20-71 

096-8 

20-36 

099-3 

19-ft 

lb 

104 

19-40 

109-6 

18-95 

114-6 

18-68 

117-6 

18-2 

lb 

123 

ITSO 

138-6 

17-06 

135-6 

lS-60 

141-6 

16-16 

146-2 

16-78 

1 

149-4 

15-OS 

167-7 

1*36 

166-1 

13-96 

189-4 

13-60 

173-4 

13-49 

174-6 

13-08 

179-1 

13-88 

179-9 

13-33 

188-6 

12-01 

„ 

190-6 

11-86 

194-7 

11-30 

", 

198-7 

10-87 

.. 
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WkTe-length 
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CUiMtei 

VteaniD 

PrmnenCT 
in  VuDO 

X+ 

1_ 

8010-W 

0-85 

9-6 

33207-6 

09-80 

216-3 

0961 

218-6 

0900 

224-1 

08  29 

232-0 

OS-02 

2350 

0«'9E 

21G-7 

063 

lb 

266 

0S-S5 

261-2 

OS'33 

266-8 

049 

269-6 

WTO 

271-6 

01-30 

2761 

041 

278 

03-46 

285-6 

03-17 

288-6 

02-80 

292-T 

03-50 

2961 

oa-is 

8000 

01-76 

3043 

01-33 

309-2 

00-90 

313-8 

00-26 

329-5 

2999-28 

331-8 

9916 

333-3 

96-GO 

340-6 
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(ommc  Naphthalene  Derivatives. — Report  of  the  Committee,  consistiTig 
of  Professor  W,  A.  Tilden  (Chairman)  and  Dr.  H.  E.  Arm- 
STRONG  (Seeretary).     (Drawn  up  by  the  Secretary^ 

HE  iuvestigatioa  of  the  action  of  bromine  on  betanaphtbol,  referred  to  in 
10  1898  Report,  has  been  continued  during  the  past  year  with  the  oaaist- 
Qce  of  Mr.  W.  A.  Davis.  One  of  the  moat  important  points  established 
:  tliat  the  nature  of  the  product  obtained  on  tribrominating  is  largely  a 
uestion  of  the  conditions.  In  the  presence  of  a  solvent  (glacial  acetic 
:id)  the  tribromonaphthol  melting  at  155°  ia  the  chief  product ;  bat  if 
romine  be  ased  alone,  and  the  action  take  place  rapidly  at  100°,  the 
omeric  tribromonaphtJiol  (m.p.  159°),  described  in  the  1898  Report,  is 
rincipally  produced.  This  result  is  more  particularly  of  interest  on 
ccount  of  the  fact  that  the  latter  compound  contains  but  one,  whilst  the 
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former  coiilaius  two,  of  its  bromine  atoms  ii 
which  is  proved  to  be  the  case  by  their  behavi 
monaphthol  melting  at  159°  being  convertil: 
melting  at  155° into  bromo-phthalic  acid — sot 
hjdroxylated  ring,  and  in  the  other  the  hydro 
Unexpected  mfGcolties  have  been  encoimt( 
mine  the  position  of  the  second  bromine  atom 
of  the  tribromonaphthol  melting  at  155°. 
dibromoquiooae  isomeric  with  that  produced  o 
nitroketo-compound  derived  from  dibromonap] 
quinones  are  converted  into  1:3:4  bromo] 
Consequently  the  one  contains  a  bromine  atom 
a  bromine  atom  in  poeition  4.  When  subject 
however,  both  yiela  the  same  two  anilides. 

O 
.OH 


XH.Ph 

Nor  have  results  yet  been  obtained  by  meam 
solution  of  the  problem. 

The  dibromoquinone  obtained  from  the  bro 
is  remarkably  sensitive  to  oxidation,  being 
dibromohydroxy-quinone  when  kept;  a  resu. 


01 


the  view  that  bromine  ie  present  in  the  tribi 
The  dibromoquinone  in  question  may  be  reciTBl 
but  if  left  too  long  iu  contact  with  the  solvf 
infusible  condensation  product.  This  quinon 
which  it  will  be  desirable  to  study  in  detail. 

The  tribromonaphthol  meltii^  at  155°  is 
bromine,  remaining  for  the  most  part  unohc 
acetic  acid  is  digested  with  bromine  during  tl 
to  120°,  only  a  small  portion  being  converted  i 
melting  at  172°,  described  by  Armstrong  an 
naphthol  melting  at  159°,  under  similar  com 
converted  into  a  tetrabromonaphthol  melting  t 
into  a  tribromoquinone  isomeric  with  that  ol 
tetrabromonaphthoL  A  third  tetrabromonapl 
small  quantity  together  with  that  melting  at 
betanaphthol  with  dry  bromine.  It  is  distanf 
brom  onaph  thaquinone. 

Both  tribromonaphthok  are  easily  reduce 
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solution  of  hydrc^^en  iodide,  tlie  bromine  atom  in  position  1  being  dis- 
placed. Two  new  dibromonaphthols  are  thus  obtained  ;  that  from  the 
tribromonaphtliol  melting  at  155°  melts  at  137°  to  138°,  and  that  from 
the  isomeric  naphthol  melts  at  127°.  On  digesting  these  dibromonaphthols 
irith  alcohol  &nd  sulphuric  acid  under  similar  conditions  that  containing 
one  of  the  bromine  atoms  in  the  hydroxy lated  ring  yields  only  about  56, 
whilst  that  containing  both  bromine  atoms  in  the  non-hydroxylated  ring 
yields  about  61  per  cent,  of  ether. 

A  comparison  of  the  behaviour  of  the  various  chloro-  and  bromo- 
betanaphthola  towards  hydrogen  iodide  with  their  behaviour  on  etheriti- 
cation  is  of  interest  as  showing  that  both  changes  aro  subject  to  similar 
inQnences  ;  they  therefore  may  be  discussed  from  the  same  point  of  view. 
Ad  the  reducing  effect  is  confined  to  the  bromine  atom  contiguous  to  the 
OH  group,  this  alone  being  displaoed  by  hydrogen,  the  OH  group  must 
be  supposed  to  be  concerned  in  the  change.  Probably  it  exercises  an  at- 
tractive influence,  and  this  influence  must  be  regarded  as  subject  to  modi- 
fication by  every  change  in  the  hydrocarbon  radicle,  so  that  reduction 
takes  place  less  readily  just  as  etherification  takes  place  less  readily  in  the 
case  of  the  more  fully  substituted  compounds.  The  etherification  of  the 
derivatives  of  betanaphthol  has  been  discussed  by  Mr.  Davis  from  this 
point  of  view  in  a  paper  published  in  the  '  Transactions  of  the  Chemical 
Society '  early  in  the  present  year  (77,  33). 


On  the  ConstUtilion  of  Camphor,     By  A.  Lapworth,  D.Sc. 
[Ordered  by  the  General  Committee  to  be  printed  (;t  exteiuo.] 

Thk  question  of  the  constitution  of  camphor  has  occupied  the  attention 
of  a  large  number  of  chemists  for  many  years,  and  it  still  presents  oppor- 
tunities for  much  speculation.  Becently,  however,  it  has  come  to  be  fully 
recognised  that  the  earlier  writers  on  the  subject  were  misled  by  the  ease 
with  which  benzenoid  compounds  could  be  obtained  from  many  camphor 
derivatives,  and  it  is  now  quite  clear  that  the  greatest  care  must  be  exer- 
cised in  attributing  special  significance  to  evidence  based  on  observations 
of  this  kind. 

The  formation  of  large  quantities  of  p-cymeneandcarvacrol  irom  cam- 
phor by  the  action  of  phosphorus  peutoxide  was  the  basis  of  some  of  these 
earlier  speculatdons,  and  to  carry  the  arguments  to  their  logical  conclusion 
it  would  be  necessary  to  make  the  formule  account  for  the  production  of 
TD-cymene,  which  is  obtained  in  considerable  amount  when  zinc  chloride 
or  phoephoniB  pentasnlphide  is  the  agent,'  and  also  of  1.2.4.  dimethyl 
ethyl  benzene  and  1.3.3.5  tetramethylbenzene.*  The  formation  of 
1.3.4  acetyldimethylbenzeneby  the  action  of  sulphuric  acid  on  camphor* 
would  also  reqnire  elucidation. 

It  appears  natural  to  suppose  that,  if  we  are  still  unable  to  discover 
with  certainty  the  principles  underlying  the  changes  referred  to,  we 
should  also  be  cautions  in  interpreting  the  meaning  A  other  transforma- 
tions which  involve  any  alteration  in  the  structure  of  closed  rings,  and  it  is 
now  pretty  generally  recognised  that  the  divergence  of  opinion  which  still 
exists  with  regard  to  the  constitution  of  the  camphor  nucleus  must  be  due 

■  ATDUtrong  aud  MiUai,  Ber.  16,  2320.  '  Ibid.,  loe.  (M. 

■  Armstrong  and  Ejpping,  Trant.  Ckem.  Sire.,  63.  76. 

,glc 


300  BEPOKT— 1900. 

to  the  occurrence  of  unsuspected  intramolecul&r  changes  durmg  reactions 
which  are  at  present  deemed  susceptible  of  only  one  simple  iuterpretatioa. 

In  the  case  of  a  problem  of  this  kind  in  which  a  very  large  amount  of 
experimental  material  has  to  be  dealt  with,  some  of  which  appears  to 
point  concIusiTely  toone  view  and  some  in  an  equally  unequivocal  manner 
to  another,  it  would  appear  to  be  the  most  logi<»l  course  to  sift  the 
material  in  such  a  way  that  the  relative  value  of  the  evidence  on  each 
side  may  be  compared,  and,  if  possible,  so  as  to  gain  a  clue  as  to  the  exact 
points  at  which  tiie  tendency  appears  to  change,  so  that  particular  atten- 
tion may  then  be  directed  to  those  points. 

In  the  present  communication  it  is  proposed  first  of  all  to  select  from 
the  material  those  facts  which  bear  directly  on  the  points  at  issue, 
:u;cepting  only  thosA  conclusions  which  no  longer  reasonably  admit  of 
dispute,  and  uien  to  discuss  the  significance  of  the  rest  of  the  evidence 
relating  to  the  still  undecided  question  of  the  ultimate  structure  of  the 
camphor  molecule. 

A.— GENERAL  NATTEE  OF  CAMPHOR. 

Camphor  has  the  formula  0,0^,^0  :  it  is  a  ketone,  as  it  yields  well- 
defined  hydrazones,  an  ozime  and  a  semicarbazone.  It  is  saturated,  and 
therefore  must  beconsidered  to  consist  of  two  closed  carbon  rings,  of  which 
one  includes  the  carbonyl  or  ketone  group  :::  CO. 

A^  it  will  clearly  be  of  importance  to  be  able  to  refer  to  either  of  these 
rings,  one  will  afterwards  be  termed  the  ketone  ring,  and  the  other  the 
hydrocarbon  ring. 

B.— PROPERTIES  AND  TRANSFORMATIONS 
OP  THE  KETONE   RING. 

1.  Thb  Ketone  Ring  contains  the  Geoup  — CHj.CO— 
That  the  carbonyl  group  >  CO  of  camphor  is  in  direct  attachment  to 
"      —   is    proved  conclusively  by  the  following 


(a)  Formation  of  Camphoric  Add  by  the  Oxidation  of  Camphor. 
When  camphor  is  treated  with  the  usual  oxidising  agents  it  is  con- 
verted into  camphoric  acid,  CiaH,gO„  a  saturated,    dicarbosylic   acid. 
This  transformation  is  simply  explained  only  by  the  assumption  that  the 
change  proceeds  in  accordsdtce  with  the  scheme 

/CH,  ,COOH 

CsHuC   I  -  CgH,y 

X30  XJOOH 

Camphor.  Camphoric  Acid. 

(b)  Formation  and  Pri^ertiet  of  the  timplut  Subitttution  Berivatives  of  Camphor. 

(i)  Halogen  and  Ni^o-compound%. — Camphor  ordinarily  yields  only 
mono-  and  eft- substitution  derivatives  (termed  a- derivatives)  on  treat- 
ment with  the  characteristic  substituting  agent  Fiuch  as  the  halogen  or 
nitric  acid,  and  with  aliphatic  saturated  ketones  the  position  of  subatitation 
is  at  the  carbon  atom  contiguous  to  the  carboxyl  group. 
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It  has  beea  usual  in  diBcuaaing  the  rel&tionBhip  between  these  two 
substances  to  dismiss  the  subject  with  a  few  words,  but  the  point  requires 
much  more  careful  consideration  and  proof  than  it  ia  usually  deemed 
worthy  of,  sod  it  cannot  be  insisted  too  frequently  that  in  dealing  with 
the  mutations  of  closed-chain  compounds,  such  as  the  derivatives  of  cam- 
phor, such  transformations  should  be  regarded  from  all  points  of  view, 
especially,  as  in  the  present  instance,  where  the  evidence  derived  from  the 
different  fields  of  work  cannot  be  viewed  in  its  entirety  until  the  point  b 
decided  beyond  all  doubt. 

In  the  case  in  question,  fortunately,  there  is  no  doubt  whatever  that 
the  ordinary  view  is  the  correct  one,  as,  besides  the  various  modes  in 
which  it  is  possible  to  pass  from  camphor  to  camphoric  acid,  which  have 
already  been  referred  to,  the  relationship  has  been  established  by  a  series 
of  simple  changes  which  render  it  possible  to  traverse  the  ground  in  the 
reverse  direction.     The  evidence  is  as  follows  :  ' — 

(a)  Campkimc  Add  rtadily  yield*  Somoeamphorie  Acid, 

When  camphoric  anhydride  is  treated  with  sodium  amalgam  under 
suitable  conditioos,  it  is  reduced  to  a  lactone,  campholide,  as  foUows : — 

CgH,,/      J>0+4H=CgH,,/       '^+Hi,0 

and  campholide  when  heated  with  potassium  cyanide  yields  cyuiocampholio 
acid,  from  which  homocamphoric  acid  is  easily  obtained  on  hydrolysis. 
The  changes  are  of  the  following  bind  : — 

/CHj,  ,CH,.CN  ,0H,.COOH 

\  CO  /  X!OOH  XJOOH. 

CkmphoUcle.  Cytnoeampbolic  A.oid.  Hamanmphorio  Add. 


,ch:,.cooh  ,ch, 

C|HmC  and  CgH,,/  | 

XKX)H  NX) 

and  the  evidence  on  which  this  statement  is  based  is  twofold. 

o-Cyanocamphor  yields  Homoeamphoric  And  on  Hydroljfrig. — Cj^no- 
camphor,  a  product  of  the    action  of   cyanogen  or  cyanogen  bromide 

■  HaUer,  a>mpt.  Send.,  ISS.  US. 

,  V,  Google 
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On  aodinm  oamphor,  or  of  the  dehydntioD  of  the  ozime  of  a-c&mphor- 
aldehyde,  must  neoesaarily  be  an  a  derivative. 

,CHN»  ,CH.CN 

(iHyi  +Br.CN=C,H,.<^  +N.Br 

,CH.0H:N.OH  ,CH.ON 

CtH,/  I  -H,0-O.H,/  I 

M30  NJO 

and  when  this  compound  is  boiled  tvith  alkalis  it  suSere  hydrolysis  in  two 
senses,  being  converted  into  ammonia  and  homocamphorio  aoid.^ 
,CH.CN  .CH^COOH 

+  3H,0=C,H,/  +tfH, 

X!OOH. 

(o)  Can^hor  may  bt  regenerated  from  Mamacamphork  Acid. 
When  the  barium  salt  of  homocamphoric  acid  is  subjected  to  diy 
distillation  it  is  broken  up  into  barium  carbonate  and  camphor,  a  change 
which  must  be  expressed  by  the  equation 

,OH,.CO.O.^  ,CH 

C;H„/  >Ba=C.H,/  I        +BsOO,.' 

XJO.O       y  X!0 

3.  The  Ebtone  Rinq  is  either  a  4-  or  a  5-Cabbon  Ring. 
Since  camphoric  acid  very  readily  affords  an  anhydride  on  treatment 
with  acetyl  chloride,  even  in  the  cold,  it  follows  that  it  must  be  a  deriva- 
live  of  succinic  or  of  glutaric  acid,  so  that  it  may  be  represented  by  one 
of  the  formuUe 

C.COOH 
C.COOH 

I  or  -C- 

C.COOH  t 

C.COOH 


Hence  camphor  has  the  corresponding  structure 


-C-CH,  J 

II  or  -b 

C_00  I 


0— OH 


C— CAMPHOR  CONTAINS  THE  GROUP 


CH-OH, 

I 


C^.ooglc 
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la  support  of  this  conclusion  there  may  be  adv&nced 
well-established  facte,  and  the  necessity  for  the  discusaioa 
involved  may  be  made  the  occasion  for  introducing  the 
necessary  for  reference  to  the  derivative  of  camphoric  acid. 


1.  Camphor  Acid  contains  only  onb  Htdrogen  Ato 

a-PoaiTION  WITH   REGARD  TO   A  CarBOXYL  GroD 

(a)  Brominatiun  of  Camphoric  Acid. 

Camphoric  acid  is  capable  of  affording,  by  direct  broti 
and  only  one,  monobromo- derivative,  to-bromocamphoric 
the  study  of  a  very  large  number  of  acids  it  has  been  ascerl 
ia  possible  to  introduce  as  many  bromine  atoms  as  there 
atoms  in  the  u-position  with  regard  to  carboxyl  groups, 
case  where  the  products  have  been  completely  investigatec 
shown  that  the  entrant  bromine  atoms  occupy  the  a-pi 
conclusion  thus  derived  regarding  camphoric  acid  is  cot 
large  number  of  observations,  and  there  is  no  sufficient  reas 
that  the  bromination   of   camphoric  acid    pursues  any  bu 

(b)  Differential  Reactivity  of  the  tKo  Carboxyl  Grouj 

Camphoric  anhydride  on  treatment  with  ammonia  yield 

or  almost  exclusively,  a-camphoramic  acid.     This  on  dist 

wat«r,  yielding  camphorimide,  which  when  subjected  to  all 

lysis  affords  only  /J-camphoramic  acid. 

The  reactivity  of  carboxyl  or  carboxyl  groups  in  aliphat 
invariably  appears  great  or  small  according  as  the  adji 
atom  ia  hydrogenised  or  not.  The  above  observations,  whi 
there  is  an  enormous  difference  between  the  reactivity  of 
(groups  in  the  anhydro-caniphoric  derivatives,  are  doubtli 
for  by  the  fact  that  only  one  of  the  two  carboxyl  groups 
acid  is  an  attachment  to  a  hydrogenised  carbon  atom.  On 
tion  the  course  of  the  changes  referred  to  may  probably 
.as  follows  : — 


,•  n  n  -t-  J 

.  c.co/ 

Cnmpliorimidc. 


t:  Go  Ogle 
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stitntion  of  the  latter  oompound  (C.  1.  b.),  tha  ohiuige 
vritten  as  follows : — 

..      CH.C:N.OH  CH.C».NH. 

I              +HOH        -* 
C-CO  C.COOH 

C  d 

Ixiwrjr'e  observation  that  a-nitrocamphor  jrielda  the  same  can 
as  is  obtained  directly  from  campboria  anhydride  by  tn 
hydroxylamine  leads  to  the  wme  oonclusion  (compare  B.  1. 1 

2.   FOHMATIOK  OP   CaHPHENONE. 

When  ci-aminocamphor  is  treated  with  nitrons  acid  it 
into  diazocamphor,  which  loses  nitrogen  when  heated  and  yi 
able  quantities  of  camphenone,  C|nH,,0,  which  has  all  the 
an  unsaturated  ketone.' 


CH.CH.NH,        ..,  CH.C 

;    I 
c-co 


3.  FoBHATiON  OP  Dbrydrohomocamphoric  Ac 
When  homocamphoric  acid  is  brominated  it  yields  i 
derivative,  abromohomocamphorio  acid.  When  the  di 
this  moaobromo  acid  is  heated  with  qninoline  and  then 
potash  it  loses  bydrc^n  bromide,  affording  dehydrohomoo 
which  is  certainly  an  a^- unsaturated  acid.  Takmg  into  coe 
relationship  subsisting  between  camphor  and  homoc&mpfa 
fact  is  readily  explained  by  the  assumption  comprised  by  ( 
be  added  that  it«  behaviour  on  oxidation  is  only  explicable 
that  view  (compare  E.  3.), 

.       CH-CHj  CH.CHBr.COOH      -       C:CH 


.Ao 


C.COOH  ccoo: 

c  c  c 

Camphor.       S' Brora  ohomooamphoric  A.cid.       Dehydrobomc 

D.— CAMPHOE  AND  CAMPHORIC  ACID  CONl 
NON-EQUIVALENT  ASYMMETRIC  CARBON 
Camphor  and  camphoric  acid  are  optically  active, 
contain  at  least  one  aaymmetrio  carbon  atom.  Whilst  the 
known  in  two  enantiomorphous  forms  and  their  external]; 
inactive  combinations,  the  latter  is  known  to  exist  in  six  f 
two  pairs  are  enantiomorphously  related,  and  the  a&er 
externally  compensated  mixtures  of  the  other  pairs. 

'  Angollj  Gtazetta,  U  [2]i  351. 
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The  six  forms  of  camphorio  acid  are  completely  explained  on  the 
asBumptiou  that  in  the  molecule  there  are  two  asymmetric  carbon  atoms 
which  are  not  equivalent.  Designating  the  two  carbon  atoms  by  the 
letters  A  and  B,  me  six  forms  may  be  represented  by  the  combinations, 
no  internally  compensated  fcvin  btmg  possible : 

(Ai^a)  '^^^  (Afi,)...d-  and  7'Camphoric  acid. 
(AjBrf)  and  (A^|),.,ij-  and  J-isocamphoric  aoid. 
(AjB^+A|B,V.. Inactive  camphoric  acid. 
(Ai3i+AJB,)...ljiaiClAye  isocamphorio  aoid.^ 

It  does  not  appear  that  the  sign  of  both  asymmetric  carbon  atoms  can 
be  reversed  by  simple  means,  but  (j-isooamphoric  acid  may  be  obtained 
from  (^-camphoric  acid  Airly  readily  ;  as,  for  example,  by  treatment  with 
phoBphonis  pentachloride  and  water  aucceasively,  whilst  the  reverse  change 
may  also  be  effected  by  suitable  means,  avob  as  boiling  with  acetyl 
chloride,  or  by  the  process  of  bromination,  when  ordinary  bromocamphoric- 
anhydride  is  obtained. 

The  readiness  with  which  one  of  these  asymmetric  carbon  atoms  is 
affected  makes  it  seem  certain  that  this  must  be  the  atom  on  which  a 
carbozyl  group  and  a  hydrogen  atom  are  attoohed,  as  there  ia  here  the 
only  grouping  where  the  existence  of  tautomeiism,  or  simple  internal 
change,  appears  possible.  A  glance  at  the  simple  scheme  for  camphorio 
aoid,  moreover, 

CH.COOH 

-         C.COOH 

c 

makes  it  appear  highly  probable  that  each  carboxyl  group  is  an  attach- 
ment to  one  or  other  asymmetric  atom,  and  the  difficulty  of  conceiving 
any  simple  internal  change  which  would  affect  the  coadiUon  of  thesecond 
asymmetric  atom  accounts  sufficiently  well  for  the  non-occarrence  of 
inversion  in  this  instance. 

The  occurrence  of  only  two  enantiomorphonsly  related  camphors  is 
probably  dependent  on  stereodiemioal  considerations,  analogous  to  the 
non-formation  of  anhydrides  from  Irons-dioarboxylic  acids  of  the  poly- 
metliylene  series. 

E.— DEGRADATION  OP  CAMPHOR  DERIVATIVES. 

Whilst  the  material  which  has  already  been  dealt  with  affords  us  much 
naefal  evidence  regarding  the  structure  of  the  ketone  ring,  there  is  little  or 
none  of  it  which  affords  us  any  assistance  in  coming  to  any  conclusions 
regarding  the  hydrocarbon  ring.  In  order  to  gain  any  conception  as  to 
the  structure  of  the  second  nnolens  it  becomes  necessary  to  consider  the 
nature  of  products  which  are  obtained  when  this  ring  is  broken  down  in 
various  ways. 

It  will  be  convenient  to  refer  to  each  of  the  various  modes  in  turn, 
and  to  consider  the  constitution  of  the  products  of  known  character  as 
they  come  under  consideration. 

'  Aschant  Acta  mc.  8&i.fm»^m,  SI,  li  _, 
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1.  Oxidation  op  Cauphob  and  Campboric  Acid 
(tt)  OxidafioA  rcith  Xt'trie  or  Chromic  Acid. 
When  camphor  is  subjected  to  prolooged  heating  wit 
bromic  acid  a  large  number  of  prodncta  are  obtained,  of  vhi 
Dportant  are  camphoric  acid  and  its  oxidation  products,  ni 
Iwnic  acid,  camphoroaic  acid,  and  trimethjlsuccinic  acid,  tc 
small  quantity  of  isocamphoronic  acid,  which  is  certainly  an 
roduct,  as  it  does  not  appear  to  be  produced  from  camphorii 
ny  oircuinBtances. 

(i.)  Constitution  of  Gamphoranic  ^ctrf.— From  8  study  of 
btained  by  the  dry  distillation  of  oamphoronic  acid  Bredt 
le  view  that  this  acid  had  the  structure 

COOH .  CMe, .  CMe(COOH) .  CHj .  COOH  ' 

ad  this  conclusion  has  been  rendered  final  by  the  synthesi 
y  Perkin  and  J.  F.  Thorpe*  in  a  manner  the  coarse  of  whi< 
oly  one  interpretation. 

(ii.)  Constitution  of  Isoramphoronie  Add. — Isooamphoroi 
ie  structure  CMej(COOH) .  CH(CH, .  COOH)^  as  follow 
>Uowing  observations  : — 

When  the  acid  is  warmed  with  sulphuric  acid  it  1 
lonoxide,  and  is  converted  into  a  lactonio  acid  of  known  < 
amely,  terpenylic  acid  : 

CMe, .  CH.CHa.COOH  CMe, .  CH.OHj.COOH 

II  -»    I  I  +c 

COOH  CHs.COOH  O  CH, 

Nx>/ 

Additional  support  for  the  formula  ^ven  is  supplied  by  tl 
idirect  obeervations  : — 

a- Keto -isocamphoronic  acid,  obtained  by  a  series  of  a 
inene,  yields  isocamphoronic  acid  when  reduced,  and  when  o 
ad  peroxide  and  acetic  acid  is  converted  into  a-dimethyl< 
sid.  The  latter  acid  is  not  a  malonio  derivative,  and  v 
itii  bromine  is  converted  into  the  lactone  of  the  hydroxy 
ields  a-dimethylsuccinic  acid  on  fusion  with  potash  t 

CMe, .  CH .  CX) .  COOH  CMe, .  CH .  C 

II  -                I            I 

COOH  CH,.COOH  COOH  CHj.C 

Keto-isocampboroDic  Acid,  iBOcamphorODi 

CMej.CH.COOH  CMe,.  OH.  COOH  OMs,.CH 
COOH  CHj.COOH  ^00      CH  .  COOH  "    COOH  CO 

DimefiyltricarbaUrlio  Add.         Lactonic  Add.  a-DimeMi7liD 


'  Ber.,  S«,  3M9.       •  TVum.  Chem.  Soc,  71, 1169.       >  Tlemana,  J 
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(b)  Ovulation  of  Camphoric  Acid  with  hUatt  Cold  Permanganate. 

When  camphoric  acid,  diaaolved  in  the  requisite  quantity  of  soda,  ia 
lowed  to  remain  with  cold  dilute  potassium  permanganate  solution  foi 
me  months,  it  is  converted  into  a  dibasic  acid  having  the  formula 
iHijOj  or  CgHipO  (COOH)j  and  oxalic  acid,  the  products  being  in 
proximately  equivalent  amount.  This  acid  jietdsonly  additive  pro- 
icts  with  hydroxy  lam  ioe  or  bydrazioea,  bo  that  tbe  fifth  oxygen  atom 
les  not  possess  true  ketonic  functions.  On  reduction  it  yields,  first,  a 
itonic  acid,  CgHijOj,  and  then  ciyj^-trimethylglataric  acid. 

Balbiano  explains  tbe  behaviour  of  the  acid  CgHijO.,  on  tbe  assump- 
>n  that  it  is  an  acid  possessing  the  structure  of  an  oxide  derived  from 
dihydroxy  acid 

COOH  .  CMe .  CMe, .  CH .  COOH, 

d  it  is  not  easy  to  understand  what  other  view  can  be  taken.  The 
ccessive  stages  of  its  reduction  are  conseqaently 

lie .  COOH  CMe .  COOH  CHMe .  COOH 

We,  )0  -»  CMe,^  0(1)         -*  CMe, 


a.  COOH 


CH,  .  CO 


3.  The  Pboducts  obtaiited  by  elihihatikg  a  Cabbozyl  Obodp 
FROM  Camphoric  Acid. 

(a)  Eltctivli/nt  of  the  liomeric  Ethyl  Hi/drigen  Camphoratei, 

When  the  two  isomeric  ethyl  hydrogen  campborates  (compareC  1.  b.) 
a  submitted  to  electrolysis  the  products  consist  for  tbe  most  part  of 
Lera  of  unsaturated,  ciosed-chain,  monobasic  acids,  produced  in  accord- 
ce  with  the  equation 

C,Hn<^^'=C0j  +  H,  +  C8H,i.  COOEt. 

(i.)  Eleclrolygia  of  Ortho-e(Ay?  Hydrogen  CamphoraU. — Or(Ao  ethyl 
mphorate  (C,  1.  b.)  on  electrolysis  yields  mostly  the  esters  of  two 
imerio  acids,  namely,  campholytic  and  isolauronolic  acids.  These  two 
Ids  are  inactive,  and  are  intraconvertible  fay  processes  analogous 
those  whereby  fnmario  and  maleio  acids  may  be  converted  one  into  the 
lier.* 

■  Balbiano,  Ber.,  %1,  2li3. 

*  Compare  aUi>  Balbiano.  Ber..  38,  1E06 ;  Atti  Liaeei,  1894,  i.  2TB,  and  ii.  240 ; 
.Xfitta  Ckim.  Ital,  36, 1 ;  sod  Ber.,  80,  289  and  1901.  Alao  Mahla  and  Tiemann, 
f .  2S,31G1  and  281 1. 

■  Walker,  Tram.  CAcm.  Soc,  63,  1!>5.  snd  67,  317.      , 
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Structure  of  Itala/uroTuAio  Acid. — The  structure  of  this  t 
lertainly  represented  by  the  formula 

,CMe„— CMe 
CH/  I! 

X!H,  — C.COOH 

irst  suggested  implicitly  by  Perkia  '  and  independently  by 
ind  the  grounds  for  this  statement  are  briefly  as  follows  : — 

It  is  inactive,  and  cannot  be  separated  into  active  forms, 
loes  not  contain  an  asymmetric  carbon  atom. 

It  is  an  o/3 -unsaturated  acid,  as  its  dibromide  loses  ca 
ind  hydrogen  bromide  on  treatment  with  soda  or  sodium 
lehaviour  associated  almost  exclusively  with  (i/3-dibromo  acid 
Uhydroisolauronolic  acid  is  readily  brominated,  as  usual  in  t 
ind  the  mono-bromo  acid  on  treatment  with  alkali  affords 
icid  and  a-hydroxydihydroiaolauronolic  acid.' 

CMe,.CHMe  CMej.CMe 

dn,  ;<  dH,        ■ 

/      \  ' 

CH,— CCOOI 
S^  Isolauronolic  Aci< 

Nl     CMej.CHMe 


a>Bromdibjdn>i9o1aun>nolic  Acid. 


d^. 


\  i     /Oi 

CH,— CH/ 

\cc 

a-U;d  roiyd  Ibydroiaoli 

The  latter  compound  when  heated  with  lead  peroxide  ai 

iffords  a  ketone  which  is  identical  with  n/Jp-trimethylketopei 

ibtained  by  distilling  the  barium  salt  of  rif9/3-trimetnyladipic 

CMe, .  CHMe  CMej .  CHMe  CUe, 

/  I  /  I  / 

CH»  CHj  ^  CH, 

\  I  /OH        -*  \  I  ^    \ 

CHa— C<;  CHj— CO  CH, 

XWOH 

Striking  confirmation  of  the  above  formula  tor  isolam 
horded  by  the  following  series  of  reactions. 

Isolauronolic  acid,  when  heated  in  closed  tubes  at  300° 
Lioxide,  and  is  converted  into  a  hydrocarbon,  C3H14,  which  yi 
limethylbutyric  acid  on  oxidation.     That  the  production  o 

'  Ptoc.  Chan.  Sue.,  1896,  p.  191.  '  S»ll.  Sue.  Ckiwt.  (iil. 

■  Noyefl,  Brr.,  89,  2326  and  1900,  and  Perkin,  Trant.  Chem.  See.,  1 
'  Nojea,  Der.  , 
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ouboB  IB  not  attended  iritii  any  isomeric  ohangB  is  pnrvad  l:^  tbe  Sact 
that  it  jielda,  on  treatment  with  »eebji  chloride  in  presence  of  ^umimnm 
cUoride,  a  ketone  identical  with  tlut  obtained  by  tlie  actitm  of  zinc 
methide  on  isolauronolic  cliloride  : 

CMej-CMe  CMea.CMe  CMe,.COMe 

CHa— COOH  CH,-CH  CHj-COOH 


/ 
OH, 


CHe,.CHe  CMe,. 

CHj- 


CH.— O.COCl  OHj— CCOMe ' 


The  formation  of  isolanronic  acid,  during  the  oxidation  of  isolauronolic 
acid  with  faintly  aJkftline  permanganate,  hitherto  so  difficult  to  nnderstand, 
is  easily  explained  by  the  nae  of  the  foregoing  formula,  as  the  first  action 
of  the  oxidising  agent  would  result  in  the  fomation  of  an  acid  derived 
from  a  1  :  5-diketone,  a  class  of  compounds  r«ry  prone  to  undergo  con- 
denKatioii  in  alkaline  solotion,  that  is  co  say,  under  conditions  similar  to 
those  in  which  isoltiuronic  add  arises  :  ^ 

CMe,CMe  CMej.CO.CH^  CMe,.CO 

\  .\  \     y 

CH,— C.COOH  CHa.CO.COOH  CH,.C.COOH 

Jsolanronolic  Acid,  Intcnneillate  Product.  IsoJanronic  Ackl. 

Bouveau'.t'sformulafot'isolaiironic  acid  has  been  submitted  to  searching 

tests  by  Blanc,  with  the  result  that  no  reasonable  doubt  of  its  correctness 

can    any   longer  be  entertained.      The   following   observations  are  so 

important  as  to  warrant  somewhat  detailed  description. 

Isolauronic  acid  is  reducible  by  two  stages  :  first  to  dihydroisolauronic 
acid,  which  is  of  a  kettmic  n&ture ;  and  secondly  to  the  tetrahydro-acid, 
which  must  be  a  y  or  S-liydroxy  acid,  as  it  ^ords  a.  lactone  with  great 
readineaa : 

,CM«,— CO  CMer-CO 

/  \  /  \ 

CH,  CH,         -*  OH,  OH, 

\ 
OH  CHj— CH.COOH 

Acid.  Dihjdn>-acid. 

CMe,— CH.OH  CMea-CH— 0 

/  \  /  \         I 

-+  CH,  CH,         -*  CH,  CH,   ', 

CH,— CH.COOH  CH,— 6H-C0 

Tetrnbydro-ftdd.  LoctMiO. 


^H 
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Moreover,  dihydroisolauronic  ticid  when  warmed  with  dUut 
hTpobromite  b  converted  into  a  tribasic  acid,  C^i^O^,  which  los 
dioxide  when  heated,  yielding  bn>diniethyladipic  acid. 

CMea.CO  CMe^.COOH  .CMe^COO 

\  .'  / 

CH,  CHj        ->  CHj  COOH  -*  CHj 

^CH,— CH.COOH  ^CH,— dH-COOH  ^CH,— OH, 
DihydroisoUuioiiio  Acid.  iDtermedUto  Product.  aa-Dimetb;la( 

(iL)  Electrolysis  of  Allo-Elkyl  Mydroffen  Catnphorate. — "W 
Bster  is  electrolysed  it  yields  a  mixture  of  esters,  chief  amongst 
that  of  (a)  o^-campholytic  Ekcid,  a  /Br-unsaturated  acid,  as 
affords  campholactone  on  treatment  with  acids  :  it  is  probabl 
isomeric  with  lauronolic  acid,'  and  (b)  of  camphononic  acid  pro 
the  superposition  of  electrolysis  and  oxidation. 

Tlie  constitution  of  lauronolic  acid  and  oZ/o-campbolytic  acii 
tieen  determined,  but  one  must  assign  to  camphononic  acid  o 
Eollowiug  two  formula; 

CO  .  CMe^  CHs .  CMe^ 

j  ^,--CMe.CXX)H  or    |  ^^^..^CMe.COOI 

CHj-CH,  CO-CH, 

13  it  is  readily  obtained  by  the  mere  action  of  heat  on  the  o] 
tricarboxylic  acid,  homocampboronic  acid,  and  must  therefore  he 
methylene  and  not  a  tetram  ethylene  derivative  ;  for  since  i 
:amphoronic  acid  (F.  1.  a.  ii.)  on  oxidation  it  could  only  be  one 
It  should  be  pointed  out  that  the  first  of  the  two  formulte  ab 
is  almost  certainly  the  correct  one,  as  camphononic  acid  does  n< 
afford  an  oxinie  or  hydrozones  as  do  the  majority  of  acids  hi 
larbonyl  group  in  attachment  to  two  CH]  groups.  Moreoverit  i 
made  to  combine  with  hydrogen  cyanide,  and  it  is  therefore  hi 
bahle  that  the  reactivity  of  5io  carbonyl  group  is  affected  by  i 
meat  to  a  carbon  atom  on  which  no  hydrogen  is  present.* 

(b)  Action  of  Alnninimii  Chloride  anrl  of  Snlphuric  Acid 
on  Camphoric  Anhydride, 
When  camphoric  anliydride  is  bi-ouglit  into  contact  with  a 
cliloridu  in  chloroform  solutioJi  it  loses  carbon  monoxide  and  yiel 
tsolaurouolic  ucid.''  A  third  method  of  obtaining  isolauronoli 
'lupplied  by  the  following  series  of  changes.  Camphoric  ai 
warmed  with  sulphuric  acid  yields  sulphocamphylic  acid  by  li 
elements  of  formic  acid  and  addition  of  the  elements  of  sulphi 

'  Compare  Boavettnlt,  Bull.  Soc.  CItin.  (iil.),  IT,  !)99,  aud  19,  46£ ;  i 
Svll.  Soe.  tSim.  (iii),  18,277,  360,  533,  and  699;  21,  830;  and  SS,  107  an. 
Perlcic,  Tram.  Cheat.  Sua.,  73,  796. 

'  Walker,  Traiu.  Cheiii.  Soe„  88,  7J8. 

■  Cooipare  Bredt  and  Kosenberg,  AmalcH,  1S9G,  U9,  13 ;  Wislid 
B7S,  309 ;  and  Ferkin  and  Crowley,  Tram.  Chem.  8oo.,  78,  6, 

■  t>ceLapworUi  and  Chapman,  TVani.  Client.  Slw.,  TS,  989,  and  77, 416 
worth,  iiirf.,  75,  1131. 

'  illano,  B«U.  Soc.  Chim.  [iii.],  IS,  lltll. 
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coaverted  into  oxalic  acid  and  camphononic  acid  (c<miiM 
actiqn  which  apparently  must  be  expressed  as  follows  : 

C=CH.COOH  CO+COOH 

CH,  CHs  I 

I      CMoa  -.        i      CMe, 

CHj !  CHa  I 

C . COOH  C . COOH 

Me  Me 


^CO+COOH 

CH,    I  UH,    I 

I        CHj  ->     I        UH, 

CMe,  I  CMe,  I 

^■C.COOH  ""  C.COOH' 

Me  Me 

4.  Formation  and  Fbofkrties  of  the  Cahpuolenic 

The  isomeric  substances  a-  and  /)-campholenic  acidi 

several  ways,  the  most  important  of  these  l>eing  the  del 

phoroxine  by  various  methods,  when  their  nitriles  are  f 

quantities : 

C,uH|i,:N.OH=C,jH|5.CN  +  HsO. 

Interesting,  also,  is  the  fact  tliat  n-camphotenic  acid 
the  products  obtained  by  the  action  of  sodium  amalga 
camphor. 

C|oH|(Br,0  +  2H  +  H,0=C,H,,, .  COOH  +  S 

The  campholenic  acids  are  undoubtedly  both  unsati 
acids  containing  one  closed  cai'bon  chain.  The  a-acidi 
whilst  the  /3-acid  and  all  its  derivatives  are  quite  inacti' 
the  asymmetric  carbon  atoms  of  camphor  have  been  invol 
whereby  this  substance  is  produced.  Both  the  a-  and  th< 
double  or  ethylenic  linking  at  the  y-  or  c-position,  as 
converted  into  lactones  when  treated  with  dilute  acids. 

u-Campholenic  acid  may  be  converted  into  /3-cainphole: 
processes,  and  invariably  becomes  inactive  during  the  p 
appear  from  this  that  /3- campholenic  acid  is  a  secon 
change. 

Each  acid,  on  oxidation  with  potassium  permangai 
into  a  dihjdroxydihydrocanipholenic  acid  by  addition  c 
hydrogen  peroxide  in  the  usual  way.  When  these  dil 
distilled  they  are  converted  by  loss  of  water  into  nev 
sumably  ketonic  acids,  the  a-aoidfi  affording  pinonic  i 
oxidation  product  of  pinene. 


I  Liipworth,  Trant.  CTm.  Aiw.,  77,  lOM. 
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a-Dih7dK>z]rdih;dr(X«npholenio  acid  is  d«xlrogyraia  uid  on  (uddation 
vith  chromic  acid  yields  mactitx  isoketocompliorio  Koid,  and  with  nitrio 
acid  gives  isodiketocamphoric  acid.  Both  of  these  latter  contain  acetyl 
groups,  and  isoketocamphoric  acid  ie  converted  into  bromoform  and  iso- 
camphoronic  acid  (E.  1.  a.  ii.)  on  treatment  with  cold  hypobromite.  These 
changes  are  expressed  by  Tiemann  ^  as  follows  : — 

Clle,— CH-CH,  CJIe,— CH-Cn,  Cilo. — TH   — CH.  CMP, — CH CH, 

CH,  ~*  "^'\  ~*     \  ^^'  "*■  ^^' 

CMt^QB     OOOH  CM»  — OH  COOH  UOM«     COOH  COOH       COOH    COOH  OOOB 

OH      OH 
■4Ju>pbiiluio  Add.        a-UUndiDiniBlurdro-  I«okcC(waauil>(>Tlo  iBKamphaiDDlii 

(ampbolsnls  Add.  Acid.  Add. 

i                   -)> 
CMo.— OH— CH,  CHdp-CH — OH.  CMc, — OH OH, 


J b\ 


(■HMc-CO    COOH        OOMe    OOOH  COOH       COOH    OOOH      OOOH 
PtuHik  ±ci<L  iBdlkitoamaiplioile         mnuiUurUriMiteUjIlo 

This  scheme  expresses  the  foregoing  facts  in  a  highly  satisfactory 
manner,  inclnding  the  cessation  of  inactivity  with  the  passage  from 
«-dihydroxydihydrocampholenic  acid  to  isoketocamphoric  acid,  and 
appears,  moreover,  to  be  the  only  mode  of  doing  so.  The  inadequacy  of 
any  formula  for  campholenic  acid  or  pinonio  acid  which  does  not 
contain  the  group 

•  CMe.CMa, 
C  C 
is  shown  by  the  faet  that  one  of  the  products  obtained  W  oxidising  pinonic 
add  is  hydroxytrimethylBuccinic  acid,  COOH .  CMe<OH) .  CMe, .  COOH. 
/3-Dibyd»)xydihydrocampholenic  acid  (of  course  inactive,  since  /)-cani- 
pbolenic  acid  has  this  property)  on  farther  oxidation  with  dilute  per- 
manganate yields  oxalic  and  y-acetyldimethylbutyric  acid,  which  affords 
a-dimethylglutaric  acid  on  treatment  with  alkaline  hypobromite.  Tiemann 
expresses  these  facta  in  the  following  way  : — 

CMe,  — CH— OH,  CVt,  — CH CH,  C)I«.— CH,— CH, 

1  CH     I  -*  CH.QH  -»         I  I  +C0OH.0OOH 

CHMe   CH    OOOH  CHMe— OH.OH     COOH  COMe  OOOH 

campholDiuc:  Xnitl.  butyric  AciiC 

Such  a  change  as  that  assumed  in  the  transformation  of  the  di- 
hydroxy-add  is  obviously  inadequate  without  farther  proof.  Moreover 
toe  inactivity  of  /J-oampholenic  acid  receives  no  explanation  whatever,  as 
it  is  scarcely  conceivable  that  the  asymmetry  of  the  carbon  atom  to  which 
the  activity  of  » -campholenic  acid  is  due  has  been  in  any  way  destroyed. 

Proceeding  backwards  in  a  logical  manner  from  the  fact  of  the 
formation  of  7-acetyldimethylbutyric  acid  and  oxalic  acid,  we  are  led 
almost  inevitably  to  the  formula  for  /3-campholenic  acid  which  was  first 
raggested  by  Bouveault,^  namely — 

CMe=C  — CHs 


c,— CH,    COO 


CMc,— CH,    COOH 
<  £er.,  20,  3006,  and  SO,  109.  '  Bvtt.  S>k.  CA«m.  [iii,],  10,  56E>glc 
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which  contaios  no  asymmetric  carbon  atom  ;  the  osidation  of 
then  readily  understood  : 


L-Mc-CH,    fOOH 


5.   FOBUATION  XSD  COKBTITUTION   OF  CaMFHOSPBORON 

When  the  calcium  salt  of  camphoric  acid  is  subjected  t«  i 
of  heat  it  is  converted  into  calcium  carbonate  and  camphi 
CjHuO  :— 

,00.0.  /. 

C8Hn<(_^     ')Ca=C,H,y>CO  +  CaCOj. 


Camphorone  has  the  structure 


CHMe   C:CMea 


"'t  -  CHj 


CH, 


as  it  is  converted  into  o-methyiglutaric  acid  on  oxidation,  at 
synthetically  prepared  by  the  action  of  sodium  ethoxlde  on  a  r 
(i-metliylketopentamethylene  and  acetone.  Since  these  conden 
saturated  ketones  occur  only  at  a  — CHj.CO —  group,  the  actio: 
expressed 

,  CO,  /^^\ 

CHMe    CH,  +  OCMe,  =  CHMe   C:CMe,+H,0 
I  /  II 

CHj— CHj  CHj — CH, 

as  camphorpliorone  does  not  contain  an  acetyl  group.' 

F.— THE  FORMULA  OF  CAMPHOR. 

The  earlier  speculations  regarding  the  constitutional  fc 
camphor  require  no  special  discussion  at  the  present  time,  as  tl 
merely  historical  interest,  and  there  is  no  doubt  that  the  i 
advance  was  made  by  Bredt  in  liis  paper  on  'The  Cousti 
Camphoronic  Acid,' '  and  the  value  of  his  deductions  has  bee 
enhanced  since  the  achievement  of  the  synthesis  of  this  acid  1 
and  Thorpe,^  which  provided  a  complete  proof  of  the  formula  sug] 
it  by  Bredt. 

Starting  from  the  formula  of  camphoronic  acid,  as  it  is 
agreed  we  may  do,  and  taking  into  account  the  fact  that  camph 
yields  oymene  by  the  action  of  various  agents,  Brodt  was  led  t 
the  formula  associated  with  his  name.  This  formula  has  si 
assailed  by  several  chemists,  notably  Noyes,  Tiemann,  Bouveav 

■  Sse  also  Tiemann,  Ber.,  9S,  1079,  2166,  ice. 
*  BoDveanlt,  Bull.  Sec.  Chim.  [iii.],  83, 160.  *  Ser.,  36,  3 

•  Trant.  Chrm.  .^oc..7l,  nS5. 
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[er,  and  Perkin,  but  the  formula  suggested  by  Tiemaim  muat  now  be 
ded  as  quite  out  of  the  qaestion ;  whilst  the  formula  specially 
:ated  by  Ferkiu,  whilst  greatly  preferable,  is  now  known  to  hare 
'obability  in  its  favour.  It  is  significant  that  the  ohemists  who  at 
resent  day  strenuously  advocate  the  acceptance  of  any  formula  other 
Bredt's  have  made  a  special  study  of  isolauronolic  acid, 
latterly  chemists  have  come  to  regard  it  as  definitely  established  that 
ihor  contains  the  grouping 

CMe.O 

CMe, 

\/ 

it  is  easily  demonstrated  that  besides  three  formula  containing  this 
Jex,  only  one  other  structure  for  camphor  can  be  devised  which 
lins  the  grouping  of  carbon  atoms  of  camphoronic  acid,  and  also 
)nn8  to  the  established  conditions  referred  to  in  B,  C,  and  D.     'J'hat 


ulaii 


CHj 


-CMe.CMej.CO 
-CH CH, 


QOthing  further  can  be  said  in  favour  of  it. 

Conclusive  proof  that  the  above  trimethylpentamethylene  nucleus  is 

iot  in  camphor  is  afforded  by  the  fact  that  camphononio  acid,  which 

tainable  from  camphor  in  three  entirely  different  ways,  two  of  these 

Iving  no  change  in  the  hydrogenised  nucleus,  undoubtedly  has  the 

ula 


CMe.COOH 
CMej  CHa 


CMe.COOH 
/         \ 
CMe.j  CHa 


CHj 


\  , 


CO 


(Compare  R  2.  a.  ii.  and  E.  3.) 

[lie  only  formulie  which  contain  this  complex,  and  conform  to  the 
alished  conditions,  are  the  Bredt,  Perkin,  and  Perkin- Bouveault 
in  Is,  namely 

CMe.CO 


CMe.CO 

/u\ 

due,  I 
\     OH, 

\l        1 
CH-GH, 
Bredt. 


CH, 
«,l  I 

CH-CH, 

CH, 

Pprkin.' 


CMe.CO 

/CH-CH, 
CMo,  I 
\     CH, 

\l 
CH, 
I'erkiD-BouTcault. 


Iraiu.  Chem.  Soc.,  71, 1IG9. 

In  Perkin'i  orifcinal  [«per,  Trant.  Ckem.  Sie.,  73,  819,  the  position  of  the  -- 

— CH, —  group  in  tlio  ketone  ring  is  the  inreise  of  tfae  al>ove. 
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al  vhush  the  ucond,  as  has  already  been  stAted,  has  nothing  farther  in 
its  favour,  and  it  does  not  appe^  possibte  to  explain  by  it«  use  Uia 
properties  and  conatitution  (A  many  important  prodnct^  obtained  by 
degrading  tite  camphor  molecule  in  the  varions  irays  detailed  in  B. 

It  is  quite  clear,  therefore,  that  in  the  light  of  our  present  knowledge 
onlv  two  formaln  for  oamjAor  can  be  regarded  aa  in  tiie  slightest  d^vee 
probable,  namely,  the  Bredt  and  the  FeiUn-Bouveautt  formuln ;  and 
although  it  might  at  first  sight  appear  an  easy  mattw  to  decide  between 
two  formnln  so  diSereat  in  configuration,  each  still  finds  support  in 
apparently  incontrovertible  evidence.  A  list  of  the  facts  to  which  each 
formnla  appears  capable  of  ready  applioatias  may  be  dealt  with  in  turn, 
only  those  points  being  taken  which  appear  to  be  of  use  in  coming  to  a 
deciBioD  aa  to  the  relative  value  of  the  two  fonnulie. 

1.  Brei>t'8  Fobhcla  : 

CHj     j        CH, 
1         CMej  I 
C         j        CO 

^CMo 
affords  simple  explanationa  of  the  foUawing  points : — 

(a)  The  ContUtution  of  a-Qimphole»io  Add  and  itt  Oxidattan  Produett, 
The  formation  of  a  mtrit«  having  the  highly  probable  oonstitatioB 

anigned  to  a-ouDpholenonitrite  by  Tiemann  is  readily  explained  at  toUom 

(compare  E,  4.) 

CH  CH 

CfH,   I   CHj  CHj  I        CH, 

CMea  I  -  H,0=  |    ■  CMe,  | 

C:NOH  CH   I        CN 


c^. 


••■cW 


CMe 


(b)  The  non-formation  oftm  Anhgdridr  Jiwn  Somoetnnphorie  Acid. 
In  accordance  with  fircdt's  formula,  horaocamphoric  acid  must  hava 
the  formnla  (compare  B.  3.  b.  and  E.  3.) 

^CH.CHj.COOH 

CHj     I 
I         CMe, 
OH,    1 


Homocamphoric  acid  has  been  shown  to  be  incapable  of  yielding  an 
anhydride,'  a  fact  with  which  the  above  formula  ia  in  aecort^tno^  as  it 


'  Bredt,  Ann..  SH,  S, 
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isents  a  aulwtitated  adipic  acid,  dBrivatives  of  which  are  almoot 
i&blj  incapable  oi  aflmrding  anhjdrides  when  treated  by  ^e  ordinary 
maea.  Using  tha  Ferkin-Bouveault  formuU,  homooamphoric  acid 
d  have  the  structure 

.CHj.CH.CH,.COOH 

CH,        / 
CMe,  / 

•  CMe.COOH 
h  IB  that  of  a  glutaric  acid,  and  should  therefore  be  expected  to  yield 
nhydride  fairly  readUy,  ualess  the  structure  is  that  of  a  fran^-acid,  an 
option  which  appears  to  be  excluded  by  tiie  fact  that  d-camphorie 
from  which  it  is  eauly  obtained  is  a  cM-acid,  the  oorreapondiog 
t-acU  being  represented  by  mo  camphoric  acid. 

Thf  Formatioji  of  Camphor  in  large  Amount  by  diitiltinff  the  Barium  Salt  ^ 

Somocnmp/iork  Arid  (compare  B.  'J.  c). 
Ls  pointed  out  by  Bredt  and  Bosenburg,'  WiBlicenui  ^  and  Ferkin 

Crossley,^  the  formation  of  considerable  quantities  of  ketones  by 
llation  of  the  barium  or  calcium  salts  of  dibasic  acids,  in  the  simple 
aer  here  obsened,  is  met  with  only  amongst  the  derivatives  of  adipic, 
)tic,  and  suberic  ocidjs,  and  never  amongst  tliOK  oi  glutaric  acid,  lo 

here  again  the  Perkln-Bouveault  formula  appears  inadmisuble. 

)   7Ae  citraordinarif  Beadinest  ivith  irkick p-Cymene  and  its  Derieattves  are 

obtained  from  Camphor. 
rhis  change,  a  knowledge  of  which  assisted  Bredt  in  devising  hit 
lulo,  is  very  readily  understood  by  means  of  it : 

/CH  CCHMe, 

CH,       I        CH,  CH      CH 

I  OMe,|  ->  I  I 

CH,....  I   ....  CO  CH      CH 

^    I      /  \  / 

-  CMe  CMe 

Camphor.  p-Cymene. 

rie  ifady  Formation  of  the  Ltietonie  Acid,  Camphanic  Aeid/rma  Jirotnoeam- 
horic  Add  or  itt  Anhi/dride,  and  uf  ila  Elhyl  E'ter  btf  heating  IHethyl 
iromocamphorate. 

A'hea  u7-bromocamphoric  acid  or  its  anhydride  (dbtained*  by  the  direct 
lination  of  camphoric  acid)  is  treated  with  water,  alkalis,  or  sodium 
iXe  dissolved  in  glacial  ac«tic  acid,  it  yields  camphanio  acid,  a  very 
le  lactonic  acid.  The  great  stability  of  the  lactone  ring  of  camphanic 
excludes  the  idea  that  it  is  of  the  nature  of  a  /S-lactone,  so  that  it 
t  be  a  y-lactone.  w-Bromocamphoric  acid  would  therefore  appear  to 
y-bromo-acid,  and,  in  accordance  with  Volhardt's  rule,  it  should  also 
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be  oa  ii-bromo-acid.  These  facts  are  readily  explained  by  Brodt'a,  but 
not  by  tbe  Ferkin-Bouveault  formula,  as  in  acconlauoe  with  our  ordinary 
-views  ttie  latter  formula  would  make  a-bromocamphoric  acid  a  ;3-  and  not 
a  y-bromo-acid. 

,CBr .  COOH  CHj— CBr .  COOH 

/l  I      ' 

CH,CMe,  CHj    CMe  .  COOH 
I        /  \/ 

CHj/  CMe, 

\  / 

CMe .  COOH 

Bredt.  Ferkin-BoiiTeanlt. 

That  the  position  of  the  bromine  atom  in  tbe  nucleus  represents  tbe  posi- 
tion of  attachment  of  the  lactonic  oxygen  atom  is  shown  by  (1)  the  fact 
that  diethylbromocamphorate  when  heated  yields  ethyl  bromide  and 
ethyl  cAmphanate 

CBr  C— O 

:  -•■  i       I      +  EtBr 

C.COOEt  C— CO 

(2)  that  camphanic  acid  on  treatment  with  phosphorus  petitachloride  (or 
pentabromide)  reoenerates  ordinary  cUoro-  (or  bromo-)camphoTic  chloride 
(or  Itfomide)  ;  a  &ct  of  which  the  author  has  convinced  himself. 
C— O  C.Cl 
:     1        +  PClj            =  :  +  POClj 
C.CO                                           C.CO.Cl 

Iliat  camphanic  acid  does  not  contain  the  grouping 
CH.O 


receives  support  in  the  fact  that  it  is  obtained  by  oxidising  camphoric 
acid  with  chromic  acid,  and  in  accordance  with  the  researches  of  Fittig 
such  an  oxidation  occurs  only  at  the  tertiary  carbon  atoms. 

(f)   The  FormatioH  of  Balbiand't  Arid  and  Oxalic  Acid  in  approximate  tguivalent 
Amount  by  the  Oxidation  of  Campkmio  Add  (compare  E.  1.  K). 
The  formation  of  an  acid  having  the  constitution  given  by  Balbiano  for 
the  product  CaH[40g  is  readily  interpreted  by  the  use  of  Bredt's  formula 
as  follows : — 

^CH.  COOH  CH    COOH 

COOH  /  I 

\  CMej  -^1  +0    CMe, 


CH, 
CH, 


COOH  \ t      ' 

I  CMe . COOH 

CJMe .  COOH 


Dsing  the  Ferkin-Bouveault  formula,  the  course  of  the  change  becomes 
very  difficult  to  understand,  uid  most  necessitate  the  assumption  that  a 
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-  CH, —  group  in  a  hydroc&rbon  ring  may  be  converted  into  — CH{OH) — 
or  — CO —  or  others  equally  improbable  : 

CHj — ■ CHa  CH  .  COOH 

CMej  -*      O    CMe, 

I  I  \l 

CMb(COOH)  .  CH .  COOH  CMe .  COOH  +  COOH .  COOH. 

(g)   The  Formalioit  of  Camphorphorone  (comiiare  E.  5.). 
The   formation   of    a   ketone  having   the   conatitntion  of    camphor- 
phorone from  calcium  camphorate  receives  inst&nt  explanation  by  means 
of  Bredt's  formula,  as  follows  : 
CH.CO.O 
L.  ~~-- CH, 


CHa  /■ 

^CMe.CO.O  CM 

whilst   if   the  Ferkin-Bouveault  formula   ta  used   the  change  must   be 
represented  as  the  result  of  the  following  complicated  series  of  reactions : ' 


CMej.CMe.CO 


0 
\ 

Ca 


CMe,  CO.CHMe 


a  necessity  which  leaves  the  probabilities  greatly  in  favour  of  the  fint 
depicted. 

(h)  The  Formation  of  Camphononic  Add  arid  Oxalic  Add  from  Dihydrohomo- 
Camphoric  Add  (compare  E.  3.). 
As  has  already  been  mentioned  {he.  cit.)  this  change  appeai-s  capable 
of  only  two  simple  explanations,  one  of  those  being  the  assumption  that 
dihydrohomocamf^oric  acid  has  the  formula  which  would  be  attributed 
to  it  were  Bredt's  formula  the  correct  one,  namely 

,  C=CH.COOH 

chJ 

j      CMe, 


'1 

^CMe.C 


e.COOH 

'  Compare  Bonveault,  Hull.  Sou,  Ckiiu.  [ii'.]. 
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and  not  onl^  is  thia  the  cate,  but  the  derived  formula  of  camphonf 
Acid  is  in  complete  accordauce  with  the  disinclmation  of  the  carbc 
grotm  to  form  tCdditive  complexes  (compare  K  2.  a.  iL). 

The  Perkin-Bouveault  formula  is,  in  thb  inatance  also,  inapplica 
unless,  as  usual,  a  special  assumption  is  made  to  meet  the  case.  Tl 
no  doubt,  it  might  be  held  that  an  intermediate  compound  having 
formula  : 

.CO-CH.  iCO.CXJOH 

CHa 
\ 

^CMe 

is  produced  'which  breaks  up  into  oxalic  acid  and  campbonooic  acid 
hjdrotyais.     Such  an  assumption,  however,  has  nothing  to  recommend 

2.  The  Ferkin-Bodveault  Formula. 

CMea-GMe — CO 

OHa 

~^CH, — CH CH( 

This  formula  offers  simple  explanations  of  the  following  points, 
which  the  Bredt  formula  appears  inadequate. 


The  formation  of  this  acid  by  elimination  of  the  allo-c&Thoxyl  gi 
from  camphoric  acid  is  readily  explained  by  the  use  of  this  formula 

.CMe, .  CMe.  COOH  CMe, .  CMe 

/  11 

-»      CH,  +  2H  +  CG 

"^CH,— dH.COOH  ^CH,— C.COOH 

The  change  represents  the  formation  of  acids  bavrng  the  formula  pre 
by  Blanc  to  be  correct  for  isolauronolic  acid,  and  of  course  affects  I 
asymmetric  carbon  atoms,  thus  explaining  the  complete  dlssppearanc 
optical  activity  during  their  formation. 

(b)  The  formation  and  properiits  of  ^-campholenic  acid. 
In  explaining  the  production  of  a  campholenonitrile  from  camp 
oxime,  as  represented  by  the  Perkin-Bouveault  formula,  we  are  led 
most  simple  manner  to  the  formula,  which,  as  was  pointed  out  by  1 
veault,  is  the  most  suitable  one  for  j8-ca>upholenonitrile  which  cai 
devised  : 

.CMea  -  CMe  .  C  :  NOH  CMe^— CMe    CN 

CH,  -f        CHj 

^CHj— CH — CH,  ■  CH, C — CH, 
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whilst  it  is  clear  th&t  the  use  of  Bredt's  formula  would  require  the 
assDmption  that  ifiomeric  change  of  a  somewhat  obscure  character  bad 
taken  place.  If  this  formula  be  the  correct  one,  ;3-campholenic  acid,  as 
might  be  surmised  from  a  consideFation  of  its  inactivity  and  its  oxidation 
products,  is  in  reality  homoisolauronolic  acid. 

(c)  The  Formation  and  PropertUt  qf  Hydroxydih/drolaurotwUe  Add. 
By  the  use  of  ttie  Perkin-BoQveault  formula  the  action  of  hypobromite 
on  a-camphoramic  acid  would  be  represented 

CMe,.CMe.COOH  CMsj   CMe.COOH 


!H, 

_, 

CH, 

\ 

\ 

CH, 

-CH.CONH, 

CH, 

-CH.NH, 

and  the  formula  so  deduced  for  the  amino-acid  represents  a  /]-amino  acid, 
which  should  naturally  afford  a  /3-hydroxy  acid  on  treatment  with  oitroua 
acid.  Since  a  j3-hydroxy  acid  would  yield  a  ^-ketonic  acid  on  oxidation, 
the  elimination  of  carbon  dioxide  and  production  of  a  ketone  are  easy  to 
understand  (compare  £.  2.  c.  i.). 

A  consideration  of  the  whole  of  the  precedinf;  facts  leads  to  the  con- 
clusion that  it  is  impossible  to  reconcile  the  results  obtained  in  the  various 
departments  of  camphor  chemistry  without  having  recourse  to  the 
assumption  that,  at  certain  points,  intramolecular  change  takes  place, 
involving  new  arrangements  of  the  carbon  atoms.  Thus,  to  take  on^  one 
example,  the  structure  of  the  a-  and  /3-cBmphotenic  acids  cannot  be  re' 
presented  by  two  formulse  which  differ  only  in  the  position  of  the  double 
binding  as  ^nemarrn  eu^^ested,  for  one  acid  clearly  contains  the  grouping 

:  CMe  .  CMe,    Ch/ 

and  the  other  the  complex 

;  C  .  CMea  .  CH^  .  C  .  C. 

The  formation  of  isocamphoronic  acid  on  the  one  hand  and  of  iso- 
lauronolic  acid  on  the  other  is  also  incapable  of  explanation  on  any  other 
grounds  than  that  of  intramolecular  change  ;  and  it  would  appear  advis- 
able, therefore,  to  consider  the  whole  of  the  evidence  from  a  broad  stand- 
point, and,  havAig  decided  which  is  the  more  probable  view,  to  endeavour 
to  ascertain  the  points  at  which  difEiculties  first  arise,  and  only  then  to 
seek  for  explanations.  It  is  obvious  that  it  would  be  altogether  ill-advised 
to  adopt  the  usual  course  and  to  take  any  one  derivative,  however  well 
established  its  structure  inay  be,  and  however  simple  its  apparent  mode 
of  derivation,  and  to  use  this  as  the  basis  on  which  to  form  our  conclu- 
sions, employing  a  forced  explanation  for  each  inconvenient  fact  in  turn. 

Looking  at  the  question,  first,  from  a  general  point  of  view,  without 
regard  to  ultimate  structure,  it  must  be  obvious  that  the  probabihtiea  are 
greatly  in  favour  of  the  view  that  the  ketone  ring  in  camphor  ie  a  penta- 
methylene  nucleus,  as  witness  the  readiness  with  which  the  substance  is 
obtained  from  bomocamphoric  acid.  Moreover  the  properties  of  homo- 
camphoric  acid  itself  approach  more  nearly  those  of  an  adipic  than  glutaric 
acid,  since  under  no  circumstances  does  it  appear  to  yield  an  anhydride. 

y2 
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The  general  properties  of  camphoric  acid  are  those  of  a  glutaric  acid,  as  i 
bromo'derivative  at  once  yields  a  stable  lactone  ;  a  behaviour  altogeth 
inconaiBtetit  with  the  view  that  it  is  an  u-brominated  succinic  acid. 

The  supporters  of  the  succinic  acid  formula  for  camphoric  acid  ha' 
raised  the  contention  that  bromocatuphoric  acid  is  a  /3-bromiiiated  ac: 
containing  the  complex 

CHBr  .  CH.COOH 


and  in  support  of  this  advance  the  fact  that  its  anhydride  on  treatme) 
with  water  or  sodium  carbonate  loses  carbon  dioxide  and  hydrogen  bromid 
yielding  a  small  quantity  of  lauronolic  acid,  a  behaviour  certainly 
accordance  with  the  view  that  it  is  a  j3-bromo-acid.  The  necessity  f 
such  an  assumption,  however,  is  in  itself  clearly  an  argument  against  ti 
succinic  formula,  since  the  bromination  of  a  saturated  acid  in  ^e  /^pos 
tion  is  unknown.  Moreover  on  this  assumption  bromocamphoric  anh; 
drideitself  still  contains  an  n-hydrogen  atom,  and  should  be  capable  < 
further  bromination,  a  surmiae  altogether  at  variance  with  the  facts, 
is  much  more  probable  that  the  formation  of  lauronolic  acid  is  due  to  t 
idiosyncrasy  of  the  compounds  involved,  and  little  or  nothing  is  known 
the  behaviour  of  cycloid  u-bromo-acids  in  this  respect. 

It  obviously  cannot  be  urged  that  the  formation  of  lauronolic  acid 
evidence  in  favour  of  the  presence  of  the  complex 

CH, .  CBr  .  COOH 

I 
C  .  C  COOH 


as  such  an  acid  would  aSbrd  an  isomer  of  lauronolic  acid,  possibly  camph 
lytic  or  isolauronolic,  and  containing  the  complex 
CH.  .  C  .  COOH 


and,  in  fact,  that  it  does  not  do  so  isi  in  'tself  evidence  against  t 
succinic  formula  for  camphoric  acid. 

It  may  therefore  be  stated  that  the  general  properties  of  camphor  ai 
camphoric  acid  are  of  a  kind  which  should  be  expected  were  Bred' 
formula  the  correct  one. 

Comparing  now  the  weight  of  evidence  in  favour  of  the  two  formu 
as  elicited  by  examination  of  the  exact  structure  of  the  degradation  pr 
ducts  of  camphor,  Bredt's  formula  is  seen  to  be  favoured  in  a  high  degn 
and  only  the  structure  of  isolauronolic  acid  and  of  jj-campholenic  ac 
(probably,  as  has  been  pointed  out,  homoisolauronolic  acid)  appears 
militate  strongly  against  its  acceptance.  It  is  especially  significar 
moreover,  that  the  ^i-campholenic  derivatives  are  produced,  probably 
all  cases,  as  secondary  products  from  the  n -derivatives,  and  the  behavio 
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'  the  latter  is  in  strict  accordaace  with  the  requirements  of  Bredt's 

It  is  certainty  difficult  to  nnderstand  the  behaviour  of  hydroxydihy- 
rtilanronolic  acid,  but  until  more  is  known  of  this  acid  it  is  possible  to 
^tach  undue  aignificance  to  the  point. 

It  is  impoaaible  to  overlook  the  fact  that  the  Bredt  formula  affords  an 
ccellent  explanation  of  the  behaviour  of  a  very  large  number  of  camphor 
irivatives,  and  is,  in  fact,  the  only  formula  which  will  do  so,  and  that  the 
ime  words  apply  to  the  Ferkin-Bouveault  formula  when  the  remainder, 
unely,  isolauronolic  acid  and  ^-campholenic  acid,  are  referred  to. 

Since  the  constitutions  of  the  two  different  series  of  compounds  appear 
have  been  established  with  euch  a  high  degree  of  probability,  one  is  led 
I  the  belief  that  there  may,  after  all,  be  some  cloee  connection  between 
le  two  series  which  has  escapnd  observation  owing  to  the  occurrence  of 
iauspect«d  isomeric  change— a  phenomenon  which  it  is  generally  admitted 
ust  be  the  cause  of  the  present  divergence  of  opinion  on  the  matter. 

It  does  not  require  much  consideration  to  observe  that  if  this  explana- 
on  be  correct  the  isomeric  change  must  occur  during  the  formation  of 
olauronolic  acid,  and  in  the  transformation  of  the  a-  to  the  /j-cam- 
lolenic  derivatives,  so  that  a  comparison  of  the  probable  formula  of 
lese  substances  before  and  after  the  change  should  allow  us  to  gather  if 
lere  is  any  simple  connection  between  them. 

,,^CH.COOH  C.COOH 

CHj    I  CHj    II 

CMcj  1      CMe 

CH,   ' 


I  OH.   I 

:.cooH  X  c 


-CCOOH 
Me  Mej 

Camphoric  Acid.  Isolauronolic  Acid. 

„^CH  ^-C. 

CH,    I       ^CHj  CH,    II      CH, 

I        CMe,  I  I        CMe  I 

CH      I        COOH  CH,     I      COOH 

"  ■■  -c  "      C 

Me  Me, 

a-Campbolecic  Acid.  ^-CampboleDic  Acid. 

It  is  fairly  clear  that  the  apparent  change  conusts  in  the  migration  of 
methyl  group  to  an  adjacent  carbon  atom  in  both  cases.     The  alteration 

the  position  of  the  double  binding  in  the  campholenic  derivatives  is  of 
ttle  consequence,  as  the  change  is  probably  preceded  by  the  formation 

a  lactone  in  some  cases,  of  an  imide  in  otliers,  and  these  derivatives 
□tain  no  double  binding.     Possibly  the  change  in  the  former  case  may 


[    I^CH, 

1    ''coOH 
Me 

^'CH 
CH,    1        X!H, 
.      [        CMe,   1 
CH,    1         CO 

^--c.o/ 

Me 

CH,   II        CH, 
-.        1        CMe  1 

CH,    1        COOH 
'"  ■  C 
Me, 
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The  change   is   not   unlike   that  inTolved  in  the  transformation  < 
pinacone  into  pinacoline  : 

CMe,.OH  CMe, 

I  I 

CMe,  -*  CMe+HjO 

I  II 

OH  O 

or  of  pinacolyl  alcohol  into  tetramethjlethy lene  : 
CM63  CMej 

I  -*  II         +H.0 

CHMe-OH  CMej 

changes  apparently   characteriatic  of  complexes  which   contain  sever 

adjacent  methyl  groaps.     It  is  well  known,  moreover,  that  in  the  formi 

tion  of  benzenoid  derivatives  from  hexamethylene  compoouds  the  meth; 

groups  amially  appear  to  move  to  adjacent  carbon  atoms  ;  as,  for  esampl 

in  the  change  of  isolauronic  acid  into  paraxylic  acid 

>CMe,  CMe 

/         \  /~^ 

CH,  CO  -►  CH      CMe 

CH,  CH  CH 


/. 


CH 

/  \    / 

COOH  C.COOH 


as  well  as  in  numeroue  similar  instances  investigated  by  Baeyer. 

It  may  be  urged  that  the  conditions  nnder  which  iaolauronolic  acid 
produced  from  camphor  are  not  such  aa  would  be  expected  to  produi 
deep-seated  isomeric  change,  but  such  a  contention  is  altogether  insufficiei 
to  seriously  militate  agaiiiBt  the  great  probability  that  it  does  actually  occi 
in  this  instance.  It  is  easy  to  cite  evidence  that  isomeric  changes  of  vei 
unexpected  character  do  occur  under  conditions  which  would  at  first  sigl 
appear  to  be  insufficient  to  produce  them,  such  as,  for  example,  the  chan( 
of  a-dibromocamphor  into  bromocamphorenic  acid  when  wanned  with  a 
alcoholic  solution  of  silver  nitrate  on  the  water  bath,  which  certain! 
involves  the  absorption  of  a  carbon  atom  into  a  ring  somewhat  in  th 

CH  CBr 


OH 

CH, 

CM«, 

1 

in. 

1 

~^ 

—C.COOH 

and  the  change  of  pinacone  into  pinacoHne  does  not  involve  any  violei 
action  such  as  is  usually  associated  with  the  production  of  benzei 
derivatives  from  cyclomethylene  compounds. 


'  Lapworth,  Ttohi.  CAtm.'Soe.,  76,  1138. 
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Finally,  whilst  it  appears  unlikely  that  any  simpler  explanation  than 
at  here  suggested  can  be  offered,  the  question  clearly  awaits  further 
cestigation  ;  but  it  seems  unlikely  that  the  correct  solution  will  be 
tained  until  the  attention  of  investigators  is  directed  to  the  examina- 
>n  of  the  points  at  which  isomeric  change  probably  occurs,  since  the 
icovery  of  isolated  facts  in  favour  of  either  formula  can  only  add  to  the 
mber  of  those  already  known,  and  can  scarcely  be  regarded  as  conclusive 
lilst  strong  evidence  in  favour  of  the  other  formula  can  be  brought 
rward. 


Addendum  (November  3,  1900). 
The  curious  properties  of  laurouolic  acid  (2.  a.  11)  may  poeaibly  be 
counted  for  by  the  occurrence  of  a  change  of  structure  simUar  to  that 
ove  suggested  in  the  cases  of  /3-campholeuic  acid  and  isolauronolic  acid, 
d  by  applying  a  similar  rule,  the  change  might  be  represented 

CMe .  COOH  CMe .  COOH 

CH,  I  C^' ; 


1      ^ 
CH,  I 


CH .  COOH  CMe 

Camphoric  Acid.  LaoronoUc  Acid. 

id  the  formula  thus  arrived  at  is  in  complete  accordance  with  all  that  is 
<  present  known  of  the  properties  of  the  acid,  and  on  oxidation  the  acid 
ould  be  converted  into  a  compound 

/CMe .  COOH 

CH,  CO. Me 

i 
CHa 

\ 
CO.  Me 

hich  is,  at  the  same  time,  a  /j-ketonic  acid  and  a  1  : 6-diketone,  and 
ould  therefore  lose  carbon  dioxide  readily,  and  suffer  condensation  in 
Valine  solution,  yielding  a  /By -unsaturated  ketone 

CHMe  CHMe 


dn,  Ci 
I  I 
CH,  CI 

CMe 


dHjCMe 
I        II 
CHjCH 


ith  the  properties  of  the  laurenone  obtained  by  Tiemann  and  H.  Tigges  ^ 
n  oxidising  lauronolic  acid  with  potassium  permanganate. 


'  Ber.,  S3,  2960. 
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CanadMin  Pleietocene  Flora  awd  Fauna, — Ueporl  of  tlie  Ccnrnn 
coTmstiruf  of  Sir  J.  W.  Dawson  (Chairman),  Profeasor  E 
Penhallow,  Dr.  H.  Ami,  Mr.  G.  W.  Lamplugh,  and  Prof 
A.  P.  Coleman  (Secrelwry),  reappointed  to  contintte  the  invei 
turn  of  the  Canadian  Pleiatocene  Flora  and  Fauna. 


During  the  past  year  the  Ckimmittee  has  suffered  a  severe  loss  tbt 
the  death  o(  ita  distinguished  chairman,  Sir  J.  W,  Dawson,  but  the 
has  been  continued  by  three  of  its  members.  Dr.  Ami  has  taken  cl 
of  the  Ottawa  valley  deposits,  Professor  Penhallow  has  ezamiaet 
fossil  flora  from  both  Ottawa  and  Toronto,  and  the  Secretary  has 
tinned  his  investigations  near  Toronto.  The  following  report  oi 
Flebtoceue  near  Toronto  has  been  prepared  by  the  Secretary,  and 
on  the  Flora  of  the  Don  Valley  by  Professor  Penhallow. 

I.  On  the  Pleistocene  near  Toronto.     By  Professor  A.  P.  Colema 

Since  the  preparation  of  the  last  report  two  new  localities 
Toronto  have  proved  of  interest,  one  near  a  bend  of  the  Don  a  little 
of  the  weU  reported  on  last  year,  the  other  a  series  of  sand  deposi 
the  western  part  of  the  city.  The  outcrop  at  the  bend  of  the  Don 
north-west  of  Toronto  was  discovered  years  ago  by  Dr.  G.  J.  Hinde, 
had  described  so  excellently  the  section  at  Scarborough  Heights,  and 
has  been  good  enough  to  hand  over  hia  material  to  the  Secretary. 
last  year,  however,  it  was  not  certainly  proved  to  be  interglacial. 
section  at  the  bend  of  the  Don  is  of  special  interest,  since  it  occupit 
interglacial  valley  about  700  feet  wide,  having  steep  walls  of  Hi 
River  (Cambro-silurian)  shale,  rising  8  or  10  feet  on  the  eastern  side 
16  feet  on  the  western.     The  section  is  as  follows  : — 


Rivei  Don,  above  level  of  Lake  Ontario 

The  lowest  layer  goes  below  the  level  of  the  Don,  so  that  the  bo 
ot  the  section  is  not  exposed.  The  third  layer  corresponds  exact 
materisJs  and  fossils  with  the  unio  beds  referred  to  in  last  year's  re 
which  are  in  place  100  yards  to  the  west,  and  there  overlie  a  thin  : 
of  boulder  clay  resting  on  a  cliff  of  shale  16  feet  in  height.  Beds  1  s 
contain  trees  of  a  warm  climate,  as  determined  by  Professor  Penha 
and  twelve  species  of  freshwater  sheila,  according  to  det«rmina 
kindly  made  by  Dr.  Dail  of  the  Smithsonian  Institution,  Washin 
two  of  the  shells,  Unio  (Quadrula)  pyTomidala  and  Anodonta  gra 
being  new  to  the  Toronto  formation. 

The  most  important  featnre  of  this  section  is  the  evidence  afforded 
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since  provided  evidence  favouring  the  interglacial  age  of  the  sands. 
the  sewer  atrati0ed  sand,  evidently  a  continuation  of  the  deposits  j 
mentioned,  contains  clayey  sheets  with  thin  bands  of  peaty  material  Ci 
taining  remains  of  beetles,  mosses,  seeds,  plates  of  mica,  Ac,  precisely  1 
the  peat  from  the  cold  climate  series  of  Scarborough  and  the  I! 
valley.  Since  these  peaty  layers  are  probably  equivalent  in  age  to  1 
peaty  clays  eaat  of  the  city,  we  may  suppose  that  the  sandy  deposits 
the  western  part  of  Toronto  are  also  intei^lacial,  in  the  upper  part  e 
dently  belonging  to  the  cold  climate  series,  but  perhaps  representing  \ 
warm  climate  deposits  at  lower  levels.  It  is  clear  that  the  conditions 
Western  Toronto  must  have  been  different  from  those  to  the  ea 
since  here  a  great  thickness  of  stratified  sand  replaces  stratified  cl. 
This  may  be  explained  by  supposing  that  an  interglacial  Humber  ri' 
brought  from  the  west  sand  and  gravel  into  the  great  lake  then  oc< 
pying  the  Ontario  Valley  to  mingle  with  the  clayey  delta  mitterials  of  t 
interglacial  Laureutian  river  flowing  from  Georgian  Bay  to  Scarboroug 

Just  beneath  a  thin  sheet  .of  till  in  the  Dupont  Street  aewer  the  up] 
end  of  the  ulna  of  a  mammoth  or  mastodon  was  found,  the  bone  havi 
been  polished  and  scratched  by  glacial  action,  suggesting  that  it  lay 
the  surface  when  the  ice  advanced  for  the  last  time.  Some  pieces  of  wi 
occurred  near  by,  but  lower  down  in  the  section. 

We  may  now  sum  up  the  results  obtained  by  the  Committee  a 
former  investigators  of  the  Toronto  formation,  so  as  to  show  the  series 
events  recorded,  the  thickness  of  the  deposits,  and  the  fossils  obtained  fr 
them. 

In  most  places  the  Toronto  formation  is  found  to  overlie  a  bed  of  cl 
racteristic  boulder  clay  containing  rocks  brought  from  long  distances 
the  north  or  north-east,  and  covering  the  eroded  surface  of  the  Camb 
Silurian  rocks  of  the  r^on.  This  boulder  clay  probably  belongs  to  i 
lowan  till  sheet  of  the  United  Stat«s.  After  the  retreat  of  the  ice  tht 
was  an  interval  of  erosion  shown  near  Shaw  Street,  and  in  the  interglat 
river  valley  at  the  bend  of  the  Don  ;  followed  by  the  deposit  of  clay,  sa' 
and  gravel  containing  trees  and  unios  of  a  wanner  climate  than  1 
present,  the  greatest  thickness  amounting  to  thirty-three  feet  in  the  I 
valley,  and  to  thirty -five  feet  below  Lake  Ontario  at  Scarborough. 

These  beds  have  nowhere  been  found  at  a  higher  level  than  fifty  f 
above  Lake  Ontario,  and  the  upper  sands  and  gravels  were  probably  1 
down  in  shallow  water,  since  they  are  browned  and  sometimes  cemen 
with  oxide  of  iron. 

Conformably  upon  the  warm  climate  beds  are  a  series  of  h> 
containing  trees  and  other  fossils,  especially  beetles,  suggesting  a  coc 
climate  than  the  present ;  not  Arctic,  however,  but  cold  tempera 
These  are  best  shown  at  Scarborough  Heights,  where  stratified  pe 
clays  starting  a  few  feet  below  the  level  of  LaJce  Ontario  have  a  thickn 
of  ninety-five  feet,  followed  by  fifty-five  feet  of  stratified  sand.  It  is  p 
babte  that  part  at  least  of  the  seventy  feet  of  sand  found  in  the  wesb 
part  of  Toronto  is  of  the  same  age.  The  interglacial  lake  u,t  this  sti 
must  have  stood  at  least  150  feet  higher  than  Lake  Ontario,    j 

A  long  period  of  erosion  followed  the  draining  of  this  flake,  dur 
which  river  valleys  a  mile  or  more  in  width  were  cut  throAgh  the  di 
deposits  at  Scarborough  to  the  depth  of  more  than  150  Feet/coni parable 
those  cut  by  the  Don  and  Humber  since  the  Glacial  periocll 

Finally  a  fresh  advance  of  the  ice,  probably  belonging  %)theWiBCOii 
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ige  of  American  geologiats,  covered  the  Toronto  formation  with  a  com- 
ix series  of  layers  of  boulder  clay  and  stratiGed  sand  and  cUy  reaching 
i^hickneas  of  200  feet  at  Scarborough  Heights. 

Accounts  of  the  fossils  of  the  Toronto  formation  have  been  given  in 
ei'ioiis  reports  of  this  Committee  and  tn  varions  articles  in  geological- 
imals,  but  in  this  final  report  it  is  thought  wise  to  give  a  more  complete 
t  of  the  species  collected,  including  a  large  number  that  have  not  yet 
en  published.  As  the  trees  will  be  taken  up  in  Professor  Penhallow's 
port,  the  present  list  is  confined  to  the  interglacial  fauna.  The  forms 
curriog  in  the  lower,  warm  climate  beds  will  be  given  first,  and  after- 
irds  those  of  the  cool  climate. 


Fauna  of  Warm  Climate  Beds,  Dim  Valley. 
Ttebrala  .■  possibly  mammoth  or  mastodon  and  bison,  and  an  undeter- 
mined fish. 
■tiiTopoda :  several  undetermined  beetles  and  cyprids. 
aUuiea: 

Unio  undulatuB 
rectus 
luteolus 
gibbosus 
phaseolus 
pustulosus 
trigonus 
occidens 
solid  us 
clavus 
pyramidatus 
Anodonta  grandis,  not  reported  from  Canada. 


'Still  living  in  Lake  Ontario. 


reported 


not   known   in  the  St.    Lawmnce  system  of. 
waters,  but  living  farther  south. 


I  rhomboideum  I 

Btriatinum 
„  sulcatum  | 

„  solidulum 

„  simile  (1) 

Pisidium  Adamsi 

„  compresBUm 

„  Dovaboracense  (1) 

Plenrocera  subulare 
„         elevatum 
„         Lewisi  (1) 
Goniobasis  depygis 

„  Haldemani 

lamnaea  decidiosa 
„        elodes 


Flaoorbis  parvus 

„         bicarinatus 
Amnicola  limosa 

Phyea  heterostropba 

„      ancillaria 
Succinea  avara 
Bythinella  obtusa 
Somatogyrus  isogonus 
Valvata  sincera 

„  tricarinata 
Campeloma  decisa 
Bifidaria  armata  (land  snail) 


In  all  there  are  thirty-eight  undoubted  species  of  molluscs,  and  three' 
>re  probably,  included  in  the  fauna.  Of  these  eight  or  ten  have  not  been 
ported  from  Lake  Ontario,  but  occur  farther  south. 
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Faima  of  Cool  Climatf,  cldijiy  from  Searboroiiyli. 

Vertebrata  :  Caribon,  and  perhaps  mammoth  or  mastodon  and  bison. 
Arlhropoda  (almost  wholly  beetles) : 

Carabidae  (9  gen.,  34  sp.). 


Elaphrus  irregularis 
Loricera  glacialis 

Nebria  abstracta 
Bembidium  glaciatum 
„  Haywardi 

„  vestigium 

„  vanum 

„  praeteritum 

„  expletum 

„  damnosum 

Patrobus  gelatus 
„         decessus 
„         frigidus 
Fterostichus  abrogatus 
„  destitatus 

„  fractus 

„  destruotus 

„  gelidns 

„  depletns 

Badister  antecorsor 
Flatynus  casus 
„         Hindei 

Halli 
,,         dissipatus 
„         desuetus 
„         Harttii . 
„         delapidatus 
„         extenuinatuG 
„         interglacialis 
„        interitus 
„         longaevus 
Harpalns  condituB 

DytUcidae  (3  gen.,  8  sp,). 
'Coelambos  derelictus 

,,  cribrarius 

„  infemalis 

„  disjectus 

Hydroporus  inanimatas 

„  inuudatus 

„  sectus 

Agabus  perditus 

Gyrinidae  (1  sp.). 
■Gyrinos  confinis  LeC. 


Ni/dro])hilidae  (1  sp.). 
Cymbiodyta  exatincta 

Slaphi/linidae  (11  gen.,  19  ap,). 

Gymausa  absens 

QnediuE  deperditus 

Fbilonthus  claudus 

Ciyptobium  detectum 
„  cinctum 

Lathrobium  interglaciale 
„  antiquatum 

„  debiUtatum 

„  inhibitum 

„  frustum 

Ozyponis  stiriacus 
Bledius  glaciatus 
GeodromicuB  stiricidii 
Acidota     creaata,    Fabr.      {v<. 

nigra) 
Arpedium  stiUicidii 
Olophrum  ceUtum 

„         arcanum 


Chryaomelidae  { 1  gen.,  2  i 
Donacia  stiria 
„        pompatica 

Curculionidae  (4  gen.,  6  i 
ErycuB  consumptus 
Anthonomna  e versus 

„  foBsilis 

„  lapsus 

Orcheates  avus 
Centrinus  disjunctus 

Seolytidae  (1  sp.), 
Pbloeosinus  squalidens 

Molhisca : 
Sphaerium  rhomboideum 

„  fabale 

Ijimnaea  sp. 
Planorbis  sp. 
Valvata  tricarinata 
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If  the  sand  deposits  of  Western  Toronto  are  to  be  included  with  the 
cool  climate  beds,  there  must  be  added  : 

Gampetoma  decisa  ,  Anmicola  limosa 

Fleurocera,  two  species  Yolvata  sincera  , 

Goniobasis,  one  species  i  Unio,  one  species 

These  fiMsUs  may,  however,  belong  to  the  lower  warm  climate  series. 
The  molluBcs  do  not  give  decisive  information  as  to  the  climate  ;  but  the 
trees,  and  to '»  considerable  extent  the  insects,  point  to  a  climate  somewhat 
cooler  than  at  present. 

Dr.  Samuel  H.  Scudder  has  determined  these  beetles,  seventy-two  in 
number,  all  of  them  in  his  opinion  extinct  except  two.  Twenty-five  of 
them  were  obtained  from  material  sent  by  Dr.  Hinde,  the  rest  ^m 
specimens  coUected  at  Scarborough  and  Toronto  by  A.  P.  Coleman.  A 
complete  account  of  the  new  species,  with  figures,  will  be  published  shortly 
by  the  Canadian  Geological  Survey.  The  new  species  confirm  Dr.  Scudder 
in  the  opinion  expressed  when  the  first  set  of  specimens  was  described, 
'  that  on  the  whole  the  fauna  has  a  boreal  aspect,  though  by  no  means 
BO  decidedly  boreal  as  one  would  anticipate  under  the  circumstances.' 
Tlie  Committee  warmly  appreciates  the  kindness  and  patience  of  Br. 
Scudder  in  working  up  this  fragmentary  and  difBcult  material. 

In  all  at  least  seventy-eight  species  of  animals  are  known  from  the 
cool  climate  beds,  seventy  of  them  extinct,  and  the  total  number  may 
teach  eif^ty-BCTCn  ;  while  in  the  lower  warm  climate  beds  at  least  fifty 
species  are  known  to  exist.  Only  four  of  the  seventy-eight  species 
recognised  in  the  upper  beds  occur  also  in  the  lower  beds ;  so  that  124 
species  of  animals,  chiefly  insects  and  moUuscs,  but  including  also  the 
caribou,  bison,  and  mammoth  or  mastodon,  have  been  found  in  the  Toronto 
interglacial  formation.  If  we  include  the  flora,  with  its  numerous  forest' 
trees,  it  will  be  seen  that  there  are  ample  materials  for  reconstructing  the 
life  of  the  time  and  for  determining  the  climate.  That  the  Toronto 
formation  is  interglacial  has  been  proved  beyond  doubt,  and  that  it 
represents  an  interglacial  period  lasting  thousands  of  years  is  scarcely 
doubtful.  Two  points  are  of  special  importance  in  this  connection.  In 
the  first  place,  there  was  a  considerable  interval  of  erosion  after  the 
earlier  withdrawal  of  the  ice  before  the  warm  climate  beds  began  to  be 
deposited,  and  there  was  a  long  time  of  active  erosion  after  the  cool 
climate  beds  had  been  formed  before  the  ice  advanced  for  the  second 
time.  These  times  of  erosion,  with  the  long  intervening  time  when  the 
vall^  of  lAke  Ontario  was  filled  with  fresh  water  to  a  depth  of  50 
to  150  feet  greater  than  at  present,  demand  not  only  a  great  lapse  of 
time  but  also  important  warpings  and  chsjiges  of  level  in  the  St.  I^wrence 
valley.  In  the  next  place  it  is  striking  thut  none  of  the  scores  of  species 
of  plants  and  animals  found  is  characteristic  of  an  Arctic  or  even  sab- 
Arctic  climate.  All  of  them  might  live  in  Ontario  to-day  except  a  few 
which  require  a  warmer  climat«,  i.e.  they  all  belong  to  climates  ranging 
from  warm  temperate  to  cold  temperate,  meaning  by  the  latt«r  the  climate 
of  the  north  shore  of  Iiake  Superior  or  of  the  lower  St.  Lawrence.  The 
deposits  seem  to  have  been  formed,  not  during  the  earlier  retreat  of  the 
ice,  nor  during  its  second  advance,  bub  during  a  temperate  era,  when  in 
all  probability  eastern  Canada  was  as  devoid  of  permanent  icefields  as 
it  is  to-day.      Our  investigations  go  far  ta  prove  that  between  the  two 
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ttdvaoces  of  the  ice  there  was  a  long  temperate  interval  during  w 
even  the  heart  of  Labrador,  700  miles  to  the  north-east,  must  have  ] 
free  from  glaciers. 

n.  The  Pleistocene  Flora  of  the  Don  Vallfy.    By  Prof.  D.  P.  PbSHAU 

Special  studies  relative  to  the  pleistocene  flora  of  Canada  have 
beea  carried  on  since  1S89,  the  tirst  report  on  the  subject  having  1 
made  by  Dawson  and  Fenhallow  in  1890.'  Other  contributions  1 
been  made  from  time  to  time,  but  upon  the  occasion  of  the  meetini 
the  British  Association  at  Toronto  in  1897  a  special  impetus  was  g 
to  this  work  by  the  appointment  of  a  Committee,  to  whom  a  gruit 
made  for  the  purposes  of  investigation,  particularly  is  the  neighbour] 
■of  Toronto.  Under  these  favourable  conditions  much  material  has  1 
brought  together,  chiefly  from  the  immediate  vicinity  of  Toronto,  ant 
determination  haa  thrown  much  important  light  upon  the  climatic 
ditions  of  the  various  geological  phases  through  which  that  region  evide 
passed  in  interglacial  times.  During  the  past  decade  or  more,  o 
unportant  material  has  been  gathered  from  various  localities— often  i 
widely  separated — throughout  the  Dominion.  As  the  work  of 
Committee  is  now  practically  completed,  it  is  considered  wise,  in 
final  report,  to  bring  together  all  the  information  from  these  vai 
sources  and  endeavour  to  ascertain  its  bearing  upon  questions  of  cur 
interest  and  importance. 

Plants  from  eighteen  special  localities  have  been  studied,  ran, 
from  Manitoba  to  Cape  Breton,  and  particular  attention  has  been  dire 
to  those  from  at  least  twelve  of  these  locations,  chiefly  from  the  vid 
•of  Toronto. 

Elighty-three  species  in  all  have  been  studied,  the  largest  number  I 
any  one  locality  (Taylor's  Brickyard)  being  twenty-seven.  In  sei 
instances  only  one  or  two  species  have  been  obtained  from  a  locolit; 
which  cases  they  afibrd  no  definite  conclusions  respecting  the  clin 
conditions  of  the  locality  ;  but  in  other  coses  the  character  of  the  ve; 
tion  is  such  as  to  leave  no  room  for  doubt  as  to  the  cHmatic  oondil 
involved.  In  the  Valley  of  the  Don,  numerous  collections  from  the  i 
localities  have  resulted  in  a  constant  diminution  in  the  number  of 
ooveriea,  until  latterly  the  total  absence  of  anj'thing  new  has  brought 
conviction  that  the  flora  of  the  region  has  been  exhausted,  and  ai 
spection  of  the  accompanying  table  will  at  once  serve  to  disclose  the  ei 
ol  the  flora  in  each  locality  examined.  The  explorations  of  the  post 
have  added  nothing  new  to  our  knowledge  of  Uie  flora  of  these  locali 
since  the  various  plants  found  have  proved  to  be  only  such  as  had 
previously  determined.  There  is  therefore  little  to  lie  added  to 
observations  mode  in  previous  years,  but  attention  may  be  directed 
few  considerations  of  interest  which  appear  upon  comparison  of  tiie  vai 
localities  studied. 

Of  the  eighteen  localities  under  observation,  flve  are  so  distant  : 
-one  another  and  from  all  others  as  to  bear  no  obvious  relation  to 
other,  or  else  the  plant-remains  are  so  few  as  to  render  them  of  ] 
value  except  from  the  general  standpoint  of  geographical  range.  1 
localities  are  Cape  Breton,  Rolling  River  (Manitoba),  Solsgirth  and  ] 

>  Bull.  Geol.  Son.  Amer.  I,  (1890),  pp.  311-334. 
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Dirtribulii-a  of  I'lrister-ene  PlanU—caatiaatA. 
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The  most  easterly  of  the  localities  in  the  related  depOBita  is  Montre 
The  majority  of  the  specimeoe  recovered  at  this  point  represent  dr 
material  brought  down  by  tributary  rivers,  but  the  great  abundance 
ZoBtera  tnarina  and  the  occurrence  of  Algae  show  that  some  of  the  plai 
at  least  were  deposited  in  place.  The  matrix  is  a  blue  clay.  Sev 
species  in  all  have  been  recovered  from  this  locality,  and  they  are  : 


n,gti7cdT:G00glc 


83B  BEPOBT— 1900. 

loha,  Quercua  oblong^oHa,  Asimina  triloba,  Chamatcyparit  tphanroidta, 
and  Fraxinna  quadrangulaia  points  without  question  to  the  prevaleooe  at 
tk  uracil  warmer  climate  than  now  prevails,  while,  on  the  other  hand,  the 
equallf  abundant  oocurrenoe  of  boreal  t^pea  at  Scarboroogh  poi&ta  to 
the  exiateoce  oi  a  colder  climate  at  the  time  these  deposits  were  laid 
down.  It  is  therefore  clear  that  in  the  region  of  Toronto  during  Pleiato- 
cene  time  there  were  at  least  two  distiDot  periods,  characteruKd,  on  the 
one  hand,  hj  a  climate  equivalent  to  that  of  the  middle  United  Statai  at 
the  present  day,  and,  on  the  other  hand,  a  climate  equiralsnt  to  that  of 
Dorthem  Quebec  and  Labrador.  Acoording  to  stratigrapbical  evidence 
obtained  bj  Frofesaor  Coleman,  these  changes  followed  the  recession  of 
tho  ice  sheet  in  the  order  given,  from  which  we  are  to  conclude  that  the 
climate  of  tbt  Don  VaUey  is  now  intermediate  between  that  of  the  fint 
and  second  periods,  approaohinf{  the  former. 

Oq  the  other  hand,  again,  Uie  fiora  of  Green's  Creek  and  Besserer'a, 
as  also  that  of  Montreal,  is  practically  identical  with  that  now  existing  in 
the  same  localities.  It  thus  represents  a  climate  colder  than  that  of  the 
Don  period,  but  somewhat  warmer  than  that  of  the  Scarborough  period,  but 
present  evidence  does  not  enable  us  to  ascertain  if  these  depouta  were 
laid  down  before  or  after  the  Scarborough  deposits.  The  following  sum- 
mary will  probably  assist  in  oouvejring  a  dearer  idea  of  the  distinctive 
difiweaoeB  in  the  vegetation  of  these  three  periods. 


Abies  bi 

Acer  plebtocentGnm  . 
AMI  HuMhariiiam       .        • 
Aoei  Bploatom    . 
Algae  sp.     .       .       .       . 
AlnOB  sp.     . 
Asindna  triloba  .       . 
Betnlalntea 
BraoaDa  peltata  .       • 
Bromns  clUatoi  ,         . 
Oares  aqiutllia   . 

„      magellaDica 

„      reticulata 
Cam  alba   .       .        .        . 
Ohamaeojperis  sphaeiindBa 
GratugBB  pnnciata 
Oypecaoeae  ap.    •        • 
DroBera  Totundifolia  • 
Blodca  canadensis 
BnoTODema  proiitratiim 
SqtUsetnv  Umoaam    . 
„         aoicpoides . 

«P-     -. 
n  Bylvfttioum    •   . 

Brlocanlon  sp. 
Foutiaalis  sp.     . 
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CANADIAN   fLBKTQe^OI  HilfiA   AND  FADNA. 
Summary — oontiniied. 
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FncQS  digitatns  . 
„       BfimbncifoUa 


FMtncA  OTina    . 

GaylusMcia  Te«Qosa  . 

OTambiesa  sp. 

Hfpniui  oomniiltatnm 
„       tluitaiM 
„       ravoWenB 


Jnnipanis  Tjrginiana  . 
I«iix  anericana 
L;cc^)odiain  Bp.  . 
MaclDra  aaraotlaca    . 
Oi;iop«l«  a«periIolia  . 
O^CMOU  palDftrii    . 
KaMAllM  . 
„    olgm  .       . 
ap. 


Plniu  Btrobus 
natenne  octddentaliB  . 


Polapogaton  pacitinatii* 
„  perfoliatos 

„  puaillua 

„  rutilanB 


Prantu  qt.  . 

Qaeicw  obto^obii      . 

„       «lb»(?).        . 

„       oblongitolis  . 
„       maoiocaipii  . 


RoUnIa  pKudscacia 

Toiua  catiadensis 
Thuya  occidentalia 
Tilia  americana  . 
Typha  lat-tolia    . 
nimaB  americuia 


Vaodnium  oll^osn: 
TaUisiMria  ipiialiH 
Zod«ra  maiioa   . 
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Exploration  of  Irish  Caves. — Iniorim  Report  of  the  Commitfee,  ft 
sisling  o/Dr.  B.  F.  Scharff  (Chairman),  Mr.  R.  Llotd  PaAEt 
(Secrebiry),  Mr.  G.  Coffey,  ProfesBor  Grenville  Cole,  Profes 
D.  J.  Cunningham,  Mr.  A.  McHenry,  and  Mr.  R.  J.  Usshek. 

OwiHQ   to  various    circuDiBt&naes,    especially    illness    of  some  of 
members,  the  Committee  were  nnable  during  the  past  year  to  comme 
the  enilonition  of  the  caves  in  the  west  of  Ireland.     These  cares  pron 
to  yield  satisfactory  results,  and  the  Committee  recommend  that  ti 
should  be  reappoint«d,  with  a  renewed  grant  of  20/. 


Lifc'Xoiies  ill,  the  ISniisk  Caiimufeitnts  JBoc/i'jf. — Report  of  tlie  C< 
mittee,  eomistiri'i  of  Mr.  J.  E.  Mark  (CAawmoM),  Dr.  Wheel'; 
Hind  (Secretary),  Mr.  F.  A.  Batheb,  Mr.  G.  C.  Crick,  ] 
A.  H.  FooRD,  Mr.  H.  Fox,  Mr.  E.  J.  Garwood,  Dr.  G.  J.  Hes 
Professor  P.  F.  Kendall,  Mr.  J.  W.  Kiekby,  Mr.  R.  Kidot 
Mr.  G.  W.  Lamplugh,  ProfeBSor  G.  A.  Leboue,  tite  late  Mr.  G. 
Morton,  Mr.  B.  N.  Peach,  Mr.  A.  Strahah,  and  Dr.  H.  Wo 
ward.     (Drawn  up  by  the  Secretary.') 

It  is  to  be  regretted  that  since  the  meeting  at  Ifover  no  indivic 
reports  have  been  received  from  members  of  the  Committee,  and  that 
lamellibranchs  collected  at  Eceap  only  have  been  examined  and  namei 

The  Secretary  suggests  that  the  most  important  points  to  settle 
the  faunas  of  (a)  the  beds  which  occur  between  the  Millstone  Grits  . 
the  Massif  of  Limestone  in  the  South  Pennine  area,  and  (it)  tlie  fa 
which  occur  in  the  shales  between  the  Millstone  Grits  and  the  upper  I 
Limestone  in  the  North  Pennine  area.  This  would  settle  at  once 
correlation  of  Fendleside  Limestone  and  ita  equivalent  in  the  Yorec 
series  of  Wensleydale. 

Mr.  B.  N.  Peaeh  has  been  at  work  on  the  faunas  of  the  Caloifei 
Sandstone  series  of  Fife,  and  it  is  hoped  that  a  full  detailed  report 
be  received  next  year.  It  would  be  well  if  a  grant  could  be  mad( 
employ  a  collector  to  work  the  shales  of  Fendle  Hill,  and  if  possibl 
Swale  and  Teesdale. 

The  Committee  regret  to  repoi-t  the  loss,  by  death,  of  two  of  t 
number — the  late  Proieasor  Alleyue  Kicholson  and  G.  H.  Morton. 
Morton  was  an  ardent  worker    at    Carboniferous    geology,   and 
specially  confined  his  attention  to  Noith  Wales  ;  a  full  list  of  Carb 
fcrous  fossils  from  this  district  was  to  have  been  prepared  by  him 
year. 

APPENDIX. 

Interim  KcporL  by  Dr.  Wheelton  Hikp. 

In  the  'Geological  Magasdue,'  1898,  Dec.  IT.  vol.  v.  pp.  61-69, 1  j 
a  brief  sketch  of  what  was  known  of  the  Life  Zones  of  the  Carbonlfe 
deposits  of  Europe,  and  at  p.  68  showed  the  following  table,  w! 
represented  the  main  results  of  my  investigations  up  t9  that  date. 
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Series  1-3  constitute  what  I  consider  to  be  the  '  Upper  Carboniferous, 
nd  series  4  and  5  the  '  Lower  Carboniferous,'  of  my  paper  on  the  Yore. 
Me  Serieq.' 

>  Geiil.  Me^.,  April  and  Ua;  leKT- 
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Further  work  has  convinced  me  of  the  correctness  of  these  mun  zon 
divisions,  and  observations  on  the  subdivision  of  l^e  lower  part  of  Zone 
fire  approaching  to  some  degree  of  exactness. 

With  regard  to  the  Bubdivisioc  of  group  4  I  am  in  hopM  thi 
Edmondia  mlcala  and  AUorintna  mo7te7t»ia  may  be  found  to  indicate  i 
horizon  in  Zone  4  ;  but  as  yet  these  fossils  have  not  been  found  in  tl 
South  Pennine  area. 

I  consider  interesting  the  discovery  of  Cyprieardella  reetanguJari 
C.  Ann/B,  Nuculania  attmiuata,  CU^iodonia  sinuosa,  and  other  shells  i 
shale  above  the  Underact  Limestone,  nine  standards  near  Kirkby  Stephei 
and  a  very  similnr  fauna  at  the  same  horizon  on  Wild  Boar  Fell.  ( 
rectanr/ularig  with  an  identical  fauna  is  found  to  be  common  in  the  Lowi 
Limestone.  Series  of  Strathavon  and  the  Upper  Limestone  series  < 
Orchard  near  Glasgow  : — a  full  description  of  the  section  and  position  c 
the  tossiliferous  beds  was  published  at  p.  398  in  Part  IV.  of  my  mom 
graph  on  '  British  Carboniferous  Lamellibranchs,'  1899. 


JlegUtratioii  of  Tijpe  S}>6cim»ns  of  British  FossiU. — Eejxrrt  of  il 
Committee,  aynsiaHn(f  of  Dr.  H.  Woodward  (Ckniniian),  Bev.  C 
¥.  Whidborne,  Mr.R.  Kidstos,  Professor  H.  G.  Seelet,  Mr.  i 

AVooDa,  and  Dr.  A.  S,  Woodward  (Secretanj). 

DuBtNQ  the  past  year  Uie  Committee  have  received  a  list  of  type-fossils  i 
the  Norwich  Museum,  compiled  by  Mr.  Frank  Leney.     The  Museum  t 

Practical  Geology,  Jermyn  Street,  has  published  a  first  instalment  of 
list  of  the  type-fossils  contained  in  its  collections  ('  Type  Specimens  < 
£ooene  and  Oligocene  Fossils,'  by  U.  A.  Allen,  appended  to  ibe  Annut 
Beport  of  the  Geological  Survey  of  Ureat  Britain  for  1899). 


Ossiferous  Caves  ai  Uphill. — Report  of  ike  Committee,  consisliiu)  i 
Profesaor  Lloyd  Morgan  (Ohainnan),  H,  Bolton  (Secretary] 
Professor  W.  Botd  Dawkins,  Professor  S.  H.  Reynolds,  an 
E.  T.  Newtok. 

The  excavation  work  of  lut  year  was  continued  until  the  approach  o 
winter,  by  which  time  the  lower  caves  were  worked  out,  nothing  net 
being  added  to  the  discoveries  reported  to  the  Association  at  the  Dove 
meeting. 

The  caves  were  found  to  lie  along  the  bedding  planes  of  the  limestone 
and  had  clearly  formed  part  of  a  subterranean  drains^  system,  th 
material  tn  them  being  derived  presumably  from  caves  on  higher  levels. 

Systematic  search  has  been  made  for  caves  of  habitation  higher  up  th' 
hill,  but  hitherto  with  no  success. 

Work  has  therefore  been  arrested.  It  is  hoped  to  secure  a  visit  ani 
report  from  Professor  Boyd  Dawkins  before  further  exploratory  work  i 
commenced. 

The  Committee  have,  up  to  tiie  present,  incurred  an  expenditure  o 
iSr.  14«.  2d.,  m.  of  which  has  been  met  by  the  grant  made  in  1698  «l 
Bristol. 
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A  further  extension  of  the  known  distributions  of  Shap  Granite  bloci 
is  furnished  by  the  example  reported  from  Oaiaaborongh,  and  the  interestii 
Biebeokite-Eurite  of  Ailsa  Craig  has  been  recorded  from  Delamere,  i 
the  very  heart  of  Cheshire. 

Cheshire. 
R^orted  hy  Mr.  J.  Lomas,  A.R.C.S.,  F.G.S. 

Birkenliead. — In  cutting  a  sewer  in  Woodchurch  Rood,  near  Hal 
way  House,  Boulder  Clay  about  35  feet  thick  ;  boulder  of  diabase  3  fe 
diameter. 

Delamere  Foregt.—GreeA  spreads  of  sands  and  gravels.  Group  ne 
station  contains  I^e  District  andesitee,  Eskdale  and  Criffel  granitf 
Biebeckite-  Eurite  from  Ailsa  Craig.     Flints. 

Shropshire. 
Church  Slrellon,  Wailing  Street— 
CriSel  granilB,  1  foot  diameier, 
Bshdale  j^nnite. 
Qravel  Pit  under  Hazier  Coppice,  800  ft.  O.D.— 
Eskdale  granite. 
Botterniere  granophjre. 
Pennlan  sandstioDe  from  north. 
Comley — 

Bskdale  granite. 
All  Stretton— 

Triassic  sandstone. 

North  Wales. 

Llandrillo,  near  Bala. — Section  of  Drift  nearly  100  feet  high,  cot 

stream  near  Gadwst,  full  of  large  boulders,  many  over  6  feet  in  diamet 

Nearly  all  ash  and  greenstone ;    exposures  of  similar  rocks  a   lit 

distance  southwards. 

Greenstones  increase  in  number  on  following  up  the  stream  Nant-cw 
Dywytl  as  far  as  the  firwood.  To  the  east  the  ground  is  strewn  w 
targe  clusters  of  greenstone  boulders.  On  the  summit  of  the  risi 
ground  the  rock  is  found  in  situ,  and  shows  rocfie*  tnouUmnA^s  s 
striations  from  the  south.  No  greenstone  boulders  are  found  in  the  1 
ground  south  of  the  outcrop. 

Old  Slate  Quarry  S.  of  Camedd-y-ei. — Many  quartzite  and  gr© 
stone  boulders  of  large  size  resemble  rocks  found  in  lilv,  on  Cai 
Berwyn,  immediately  to  the  south. 

Glyn  Ceirioff. — Group  of  boulders  in  field  just  above  cottage  cal 
Pant.  Some  over  5  feet  in  diameter  consist  of  Welsh  felsites  i 
Denbigh  grits.  The  grits,  which  are  fossiliferous  and  beautifully  strial 
occur  in  situ  to  the  north  and  west.  On  the  hills  to  the  south  of  G 
Ceiriog,  Denbigh  grits  occur  as  boulders  up  to  1,250  feet. 

Yorkshire. 

Reported  by  the    Yorkshirt'.  Boulder  Committee  (Mr    J,  H.  Howar' 

F.G.S.,  Secretary). 

By  Mr.  H.  H.  CORBBTT,  M.R.C.S.,  of  DoHcanter, 

Cusltworth. 

]  Doleritc. 
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Sumwick  Bay — 

1  Shap  granite.  30  in.  b?  SI  in.  on  the  beticb  near  the  village. 

B         „         M  In.  t?  4S  In.  by  B6  Id.  oo  tb«  bea^  tieU  th«  Mllaga. 

8  Braefente,  12  is.  br  S  io. 

4  HacBeaioB  UmMtOM,  60  ia.  by  48  in.  by  36  in. 

6  Shsf)  ^lacite,  21  in,  by  24  in.  by  18  in. 
8  „  4S  In.  by  36  in. 

7  „  3G  ID.  by  4B  in. 

This  group,  with  probably  many  others,  in  the  bed  d  the  largw 
the  four  or  five  becka  which  rua  into  the  bay. 
Spetton — 

Bhap  gisnita,  12  In.  by  B  in.  by  8  in. 
Stump  Howe — 

8  miles  wMt  of  Whitby.    600  feet  O.D. 


LlNCOLNaRIRB. 
Bepwtod  by  Mr.  J.  A.  Jordan,  nfDonoMttr. 
Gaitwborough, — On  Spital  Hill — 

anite,  tt 

(probab 

NORTHDUBBRLAHD. 

Beported  by  Mr,  P.  P,  Kendall. 
Akdd,  near  tk«  ruins  o/ea»Ue — 

Grarel,  comprised  lately  of  potpltyilte  with  some  aUurian  Qreyiracke. 
Colder  Farm,  Soddam  D«ne — 

Porphyrite  and  Greywacke. 


The  Movamentg  of  IJjidergnmnd  Waterg  of  Craven. — First  Report 
the  Com/mittee,  oonswting  of  ProfesBor  W.  W.  Watts  (C/tairmo 
Mr.  A.  R.  DwEBRYHOUSE  {Secretary),  Professor  A.  Smithei 
Rev.  E.  Jones,  Mr.  Walter  Morrison,  Mr.  G.  Bray,  E 
W.  Lower  Carter,  Mr.  T.  Fairlet,  Mr.  P.  F.  Kendall,  i 
Mr.  J.  E,  Mark.     {Drawn  up  by  Ike  Secretary.) 

The  Committee  is  carrying  out  the  investigAtion  in  conjnnetion  wit 
Committee  of  the  Yorkshire  Geological  and  Folytechnio  Society. 

The  present  is  merely  an  interim   report,   as   the  work  is   still 


It  was  decided  that  the  first  piece  of  work  shoald  oonnsb  of 
investigation  of  the  underground  flow  of  water  In  Ingleborongh.  1 
hill  forms  with  its  neighbour,  Simon's  Fell,  a  detached  massif,  whicl 
peculiarly  suitable  for  investigations  of  this  nature. 

The  summit  of  the  group  is  formed  of  Millstone  Orit,  then  foL 
Toredale  Shales  and  Sandstones,  the  whole  reeting  on  A  plateau 
Carboniferous  Limestone. 
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ON  THE   MOVEMENTS  OF  I'NDEROROnND  WATERS   OF  CRAVEN.    J47 

Man;  streama  rue  on  tiie  u|^>er  sk^es  of  the  bills  and  flow  ever  -tfas 
Yoredalei,  but  without  exertion  their  waters  are  swa^v«d  direotly 
ibBf  pass  on  to  the  Cu-bonifeniua  Limertone,  to  reappear  M  H{Hria|p  ia 
the  valleys  which  t^reaoh  the  plateau. 

The  Committee  first  tamed  its  attention  to  tracing  the  water  whuih 
flows  into  Gapii^  Ghyll. 

It  was  generally  believed  that  the  water  issued  at  a  laifp  ^riag 
immediately  above  the  bridge  at  Claph&m  Beok  Head  and  immediately 
below  the  entrance  to  Ingleborough  Cavern. 

On  Afirii  28  qiecimens  t^  the  water  trom  ibia  spring  were  taken  for 
analysis  before  the  introduction  of  any  teat. 

Two  cwt.  of  ammonium  sulphate  was  l^en  put  into  the  water  flowing 
into  Gaping  Ghyll,  and  at  tJie  same  time  the  amount  of  the  water  was 
gauged  and  found  to  be  equivalent  to  251,856  gallons  per  diem.  A  few 
hours  later  a  second  quantity  of  two  cwt,  of  the  same  subetonoe  was 
introduced. 

On  the  same  day  1^  lb.  of  fluorescein  in  alkaline  B<dution  waa  put 
into  a  pot-hole  known  as  Long  Kin  East,  about  1,800  yards  north-east  at 
Gajung  Ghyll. 

In  view  of  the  important  influence  which  the  di):ectian  <^  the  joints  in 
the  limestone  had  been  found  to  exercise  over  the  flow  oi  undergnHind 
water,'  the  direction  of  the  joints  in  the  limestone  clints  in  tiM  neighbour- 
hood ot  Long  Kin  East  was  taken,  and  was  found  to  be  N.N.W.  to 
&S.E.,  and  to  run  in  such  a  direction  as  to  lead  to  die  probability  that 
the  water  would  rea|^>ear  at  the  springs  at  the  head  of  Austwiok  Beck, 
and  theee  were  consequ^itly  watched. 

The  funmonium  sulfate  put  in  at  Gaping  Ghyll  reaf^ieared  at  the 
lai^  ^ring  at  Claphun  Beck  Head  on  the  morning'  of  May  3,  and 
continued  to  flow  until  the  evening  of  May  6,  when  the  wat^  agun 
becMue  normal.  Thus  the  time  occupied  by  tiie  ammonium  sulphate  in 
travelling  from  Gaping  Ghyll  to  Clapham  Beck  Head,  a  distance  of  «»ie 
mile,  was  about  five  days. 

Xo  ammonium  sulphate  wu  found  in  any  of  the  other  springs  in 
Clapdale. 

This  result  proved  beyond  doubt  that  Gaping  Ohytl  was  couneoted 
with  Clapham  Beck  Head. 

The  flaoresoeiu  put  in  at  Long  Kin  East  showed  itself  at  Auatwick 
Beck  Head,  but  not  at  any  of  the  neighbouring  springs,  on  May  11,  having 
taken  over  thirteen  days  to  travel,  the  delay  being  probably  due  to  the 
small  amount  of  water  flowing  at  the  time  of  the  experiments. 

These  results  are  of  considerable  importance,  as  they  definitely  reveal 
two  lines  of  divergent  movement  of  these  underground  waters,  and 
indicate  a  subterranean  watershed  of  much  interest.  The  infioence  of 
the  master-joints  of  the  CarbonifOTous  Limestone  in  determining  the 
direotion  of  flow  of  tbese  underground  waters  was  also,  as  at  Malham, 
clearly  shown. 

The  next  set  of  experiments  was  carried  out  by  the  joint  Committee 
on  June  8  and  following  days. 

In  order  to  confirm  the  results  in  oonnection  with  the  Gaping  Gbyll 
to  Clapham  Beck  Head  flow,  and  further  to  ascertain  more  definite^  if 


\  See  previous  invesUgatiouB  of  the  T0A9.  Geol.  and  Fot^,  Soc.  Committee. 
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there  existed  any  oonneotion  between  OapiBg  Gfayll  and  the  sma 
springa  in  Glapdale,  10  owt.  of  oommoD  salt  was  put  into  the  wa 
of  Gaping  Ohyll  on  June  4,  and  a  further  10  cwt.  on  June  5,  mm 
of  the  water  from  each  of  Uie  springs  being  taken  several  times  a 
until  June  25. 

One  pound  of  fluorescein  in  alkaline  solution  was  introduced  into 
stream  flowing  through  Ingleborough  Cave  on  June  S  at  10  p.m.,  at 
point  where  the  water  plunges  down  a  hole  in  the  floor  of  the  cave, 
marked  '  Abyss '  in  the  6-inch  Ordnance  map, 

Five  cwt.  of  ammonium  sulphate  was  introduced  into  a  sink  on 
Atlotment  about  GOO  yards  N.E.  of  Long  Kin  East  on  June  9,  at  3  p 
and  at  3.15  p.u.  on  the  same  day  1  lb.  of  flnoreacein  in  alkaline  soln 
was  poured  into  the  stream  which  flows  past  the  shooting-box  on 
Allotment  and  sinks  near  the  Bench  Mark  1320'1. 

The  fluorescein  introduced  into  the  abyss  came  out  at  Clapham  E 
Head,  and  possibly  at  Moses  Well  and  other  springs  in  Clapdale,  but 
point  requires  further  investigation,  the  evidence  >>eing  as  yet  soroev 
unsatisfactory. 

The  salt  from  Gaping  Ghyll  appeared  at  Clapham  Beck  Head  on  J 
15,  16,  17, 18,  19,  20,  and  21,  being  at  its  maximnm  on  June  18,  but 
at  any  of  the  other  springs. 

The  ammonium  sulphate  put  into  the  sink  on  The  Allotment  appei 
at  Anstwick  Beck  Head  on  June  22,  the  other  springs  in  the  neighb 
hood  being  unaffected  on  that  day  ;  but  on  the  24th  and  35tb  there  > 
slight  increases  in  the  amount  of  ammonia  in  two  email  springs  in  C 
dale,  viz.  the  small  spring  below  Clapdale  Farm,  and  Oat  Hole  Sike. 
one  of  these  streams  is  close  to  Uie  farmyard,  and  the  other  was  at 
time  nearly  dry  and  flowing  through  pasture-land,  no  importanc< 
attached  to  these  slight  increases. 

Of  the  fluorescein  put  in  below  the  shooting-box  no  trace  has  s 
been  found,  and  the  same  is  the  case  with  ^  lb.  of  methylene  blue  in 
duced  into  Grey  Wife  Sike,  above  Newby  Cote, 

Several  most  interesting  problems  still  await  solution  in  this  area, 
of  them  being  the  relations  of  the  Silurian  floor,  which  underlies 
Carboniferous  Limestone  of  the  plateau,  to  the  Bow  of  underground  wi 

The  two  sinks  Gaping  Ghyll  and  Ijong  Kin  East  are  only  about  1 
yards  apart,  and  yet  the  waters  of  the  one  take  a  direction  quite  disl 
from  those  of  the  other,  and  eventually  emerge  in  a  separate  valley, 
distance  between  the  springs  being  1^  miles,  the  great  mass  of  Carl 
ferous  LimesUine  known  as  Norber,  a  hill  upwards  of  1,300  feet  in  hei 
lying  between  the  two  valleys. 

In  Crummack  Dale  it  is  seen  that  the  Silurian  rocks  form  a  i 
running  in  an  approximately  N.W.  and  S.E,  direction,  and  unconform 
overlain  by  the  Carboniferous  Limestone. 

If  this  line  be  continued  it  separates  the  Gaping  Ghyll  to  Clap 

Beck  Head  flow  from  that  of  Long  TCin  East  to  Anstwick  Beck  Heai 

Thus  it  appears  that  this  ridge  of  Silurian  rocks  forms  an  undergr( 

water-parting,  which  the  Committee  hopes  to  be  able  to  trace  fui 

across  the  area. 

The  magnitude  of  this  undertaking  will  be  to  some  extent  rea 
when  it  in  stated  that  upwards  of  400  samples  of  water  have  been  U 
for  common  salt,  amuiooia,  and  fluorescein,  making  in  all  upward 
1,200  tests. 


..Google 


n,gti7cdT:G00glc 


880  BEPOHT— 1900. 

beiag  about  3  faMbee  from  tii«  wktte  marl  bed,  bnt  dktiiioMy  in  the  silt, 
was  another  fragment  of  antler  :  this  was  in  t^  north-west  side  of  tite 
toendi,  and  about  a  jard  from  its  soath-weat  end. 

The  marl  wad  Btrockat  a  depth  erf  10  feet  to  10 feet  3  inchee  ;  andafea 
point  from  9  to  12  inches  within  it,  that  is  to  say,  aboat  11  feet  hekfw 
the  present  surface,  there  wm  stitl  another  antler  trog:meBt,  lonie  3  yards 
further  south-east  than  the  last,  ia  the  south-wett  end  of  the  trench. 
Immediately  below  this  the  mar)  was  blaish  black,  exactly  as  it  was 
round  the  head  of  the  skeleton  found  near  St.  John's  (Close-y-Garcy). 
This  darkened  marl  was  from  9  to  10  inches  thick,  and  extended  over  an 
area  &om  the  south-west  end  of  the  trench  of  about  3  feet  sqnan.  All 
through  it  were  crumbs  of  decayed  bones,  donbtless  '  Irish  £]k,' 


Pltolographs  of  Geological  Interest  in  the  United  Kingdom. — Tevih 
Report  of  the  Committee,  txmeisting  of  Professor  Jahes  GeIkib 
(Gkairman),  Professor  T.  G.  Bonney,  Dr.  Tempest  ANDERSON, 
Mr.  Godfrey  Bisoley,  Mr.  H.  Coates,  Mr,  C.  V.  Ceook,  Mr. 
E.  J.  Gakwood,  Mr.  J.  G.  Goodchild,  Mr.  William  Gray,  Mr. 
Robert  Kidston,  Mr.  A.  S.  Reid,  Mr.  J.  J.  H.  Teall, 
Mr,  R.  Welch,  Mr.  H.  B.  Woodward,  Mr.  F.  WooLNocaa, 
and  Professor  W.  W.  Watts  (Secretary).  (Ih'awn  up  by  the 
Seeretary^ 

The  Committee  have  the  honour  to  report  that  durmg  the  year  309  new 
photographs  have  been  received,  bringing  the  total  number  in  the  cdlec- 
tion  to  2,655. 

In  addition  to  this  12  prints  and  10  slides  have  been  given  to  the 
duplicate  collection,  making  a  total  of  331  photographs  received  during 
the  year. 

Five  misplaced  prints  have  been  renewed  by  the  kindnesa  ot  Misa 
Andrews,  Mr.  Brown,  Mr.  Goomara-Swainy,  and  Mr.  Bingley. 

The  usual  scheme  lowing  the  geographical  distribufcton  of  photo^nphs 
is  appended.  There  are  no  new  counties  in  the  list  except  AJiglesey  and 
MeaUi,  but  the  following  counties  are  now  much  better  represented  than 
hitherto  : — Buckingham,  Essex,  Qloucester,  Somerset,  Pembroke,  Inver- 
ness, and  Clare.  The  scheme  of  the  main  collection  has  been  moat 
careifully  checked  with  the  prints,  catalt^nes,  and  printed  lists,  all  doubtful 
numbers  have  been  weeded  out,  and  it  may  be  taken  to  repreaent 
accurately  the  actual  state  of  the  collection.  For  this  reason  it  ia  not 
quite  consistent  with  previous  schemes,  when  these  precautions  have  not 
been  possible.  Three  photographs  have  been  assigned  to  old  numbers, 
namdy,  191,  399,  and  400,  and  the  missing  photographs  hitlierto  assigaed 
to  these  numbers  cancelled. 

Mr.  A.  S.  Beid  has  continued  his  photographic  survey  of  the  Island  at 
£igg  and  contributed  a  set  of  j^otop'aphs  tftkeu  thare. 

six.  Greenly  sends  a  valuable  set  of  photogr^hs  taken  under  tjie 
auspices  of  a  Committee  of  the  Association  in  order  to  preanrvf  a  reliable 
and  unbiassed  record  of  the  disappearing  sections  of  elevated  drifts  on 
Moel  Tiyfaen,  in  Carnarvonshire. 

Mr.  Coomara-Swamy  contributes  a  considerable  series  taken  on  the 
mainland  of  Inverness  and  in  Skye, 
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are  given  in  List  lU.  iVelve  prints  and  ten  slides  have  been  received, 
and  the  whole  collection  now  numbers  336  prints  and  1 11  slides.  A  list 
of  dobon  to  this  collection  is  appended  to  the  list,  and  to  each  of  them 
the  Committee  express  their  thanks. 

The  duplicate  collection  has  been  sent  to  the  following  Societies  daring 
the  year  : — The  Limerick  Field  Club,  the  Leeds  Geological  Association, 
the  Yorkshire  Philosophical  Society,  the  South-Eastem  Union  of  Scien- 
tific Societies,  the  Faraday  Society  of  the  Morley  Memorial  College,  and 
the  annual  conversazione  of  the  Birmingham  Philosophical  and  Natural 
History  Society. 

A  request  was  received  from  the  Science  and  Art  Department  that 
the  Committee  would  exhibit  a  typical  series  of  geological  photographs  at 
the  Paris  Exhibition.  An  appeal  was  sent  to  photographers,  who 
responded  with  their  usnal  readiness.  A  small  set  was  got  together  and 
sent  to  Paris,  where  it  is  now  exhibited.  It  has  received  the  award  of  a 
silver  medal  in  Class  XII.  The  following  contributed  prints  or  lent 
negatives  for  this  purpose  : — Mr.  R.  Welch,  Mr.  Godfrey  Bingley,  Mr.  A. 
Strahan,  Mr.  C.  A.  Defieux,  Mr.  C  J.  Watson,  Mr.  A.  A.  Armstrong 
Mr.  A.  K.  Coomara-Swamy,  Mr.  A.  S.  Reid,  Mr.  R.  McF.  Mure,  Mr.  H. 
L.  P.  Lowe,  Dr.  F.  J.  Allen,  Mr.  W.  Jerome  Harrison,  and  Mr.  W.  T. 
Tucker. 

The  question  of  publishing  a  typical  series  of  geological  photographs 
has  been  couEidered  by  the  Committee,  and  as  a  sufficient  number  of 
subscribers  has  been  obtained  it  has  been  decided  to  proceed  to  the  issue 
of  twenty  photographs  annually  for  three  years,  both  as  prints  and  lantern 
slides.  A  conouittee  of  selection,  consisting  of  Professor  Bonney,  Mr. 
Garwood,  Dr.  Mill,  Mr.  Teall,  Mr.  H.  B.  Woodward,  and  the  Secretary, 
haa  made  a  provisional  selection  of  representative  photographs.  It  is 
hoped  that  the  first  set  may  be  issued  within  the  year.  The  subscribers' 
list  includes  a  lai^  number  of  foreigners  and  oolouials.  The  list  will  be 
closed  on  September  12,  1900. 

Applications  by  local  societies  for  the  loan  of  the  duplicate  collection 
should  be  made  to  the  Secretary.  Either  prints  or  slides,  or  both,  can  be 
lent,  with  a  descriptive  account  of  the  slides.  The  carriage,  and  the 
making  good  of  any  damt^  to  slides  or  prints,  are  expenses  borne  by  the 
borrowing  society. 


ELEVENTH  LIST   OF   GEOLOGICAL   PHOTOGRAPHS. 
(To  August  25,  1900.) 

This  list  contains  the  geological  photographs  which  have  beeti 
received  by  the  Secretary  of  the  Ccunmittee  since  the  publication  of  the 
last  Report.  Phott^raphers  are  asked  to  affix  the  registered  numbers, 
as  given  below,  to  tbeir  n^atives  for  convenience  of  future  reference. 
Their  own  numbers  are  added  in  order  to  enable  them  to  do  so. 

Co[»es  of  photographs  desired  can,  in  most  instances,  be  obtained 
from  ^e  photographer  direct,  or  from  the  officers  of  the  Local  Society 
under  whoee  auspices  the  views  were  taken. 

The  price  at  which  copies  may  be  obtained  depends  on  the  size  of  the 
print  and  on  local  circumstances  over  which  the  Committee  have  no  control. 

The  Committee  do  not  assume  the  copyright  of  aim  photographs 
included  in  this  list.    Inquiries  respecting  photogfaplu,  and  amplications 
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Photographed  bt/  W.  W.  MiDGLEV,  The  Chadtoiek  Maseum, 
Bolton.     1/2. 


DEVOySQlBE. — FIu)toffraphed  by  A.  K.  Coouaba-Swamy,  Walden, 
WvrpUadon,  Guildford.    1/1  E. 

24H    (  )  Honnd  Tor,  Dtutmoath       .    Oranite,  jointed  and  weathared.     1900. 
342fi    (  )  Cockington      Beach,     ne»t    AnUcline  in  Calm  UeBinres,     1900. 

Bideford. 
0428     C  )  CockfoKton      Beach,     near 
Bidcford. 

rhatograplted  by  H.  Puebto.v,  Watervxirkt,  OraiUkam.     1/2. 
890    (  )  Uowennan's  Nose,  Dartmoor .    Jointed  and  weathered  gi&nite.    ]  900. 

DOBSET. — PlwIograpJied  by  H.   W.   MoscKTO^f,  10  King's  Bene/i   Waik, 
TempU,£.C.     1/4. 

M2Q    (1337)  Near      Grange       (iate,     Workiog  o(    pipc-cia;   of    Bagabot    age 

Creech  Grange.  ""'" 

9180    (13ZS)  Corfe  Caitic  . 
9C81    (i331»> 
9«82    (1330) 

9488    (,\XH)  StDdl&nd  Bay 
9C8<    (1335) 
8485    (1H36)  „ 

S436    (13^8)  The    ^\ggUstonc,    neai 

Studland. 
8437    (KIXi)  The     Agglestom;.     ncai 

tjtudlaiid 
9488    (1340)  The    Agglestone,    ceui 

Stud)  and 
3488    (1342)  DorUtoD  Bay,  Bwaaage 
8440    (1343) 


Reading  Beds  resting  oa  L'ballt.     1 
Bngsbot  Sands  and  Clajrs.     lgS9. 
Bagshot  Sands.    1M09. 

I  Induiatcd 
1     Strata. 


9441     (1313) 


rholofffauJted  by  S,  H.  Retsolbs,  U, 

Il2a7idl/i. 


PnrbeclE  between  two  fanlU.  1890. 
liver sity  College,  ISi-islol. 


9442    (IS)  DardleDoor  .     Arch  of  dccadation.  Fortland  Beds.    1S9S- 

844S    (in)  Man-of-warCoTc,  Lnlworth     Ses-Btacka  of  Portland  Stone.     1899. 

"""     '" ■    "         .......  _.i.  Contortions  in  Lower  and  Middle  Purbcck 

Itocka.    mn*. 
Weathcria<.'  and  fauUinj,'  of  lliddlu  Pm. 

beck  llucks.     IsUU, 
'  Broken  Beda'  in  Lower  PiirL«ck  Bocks. 


8444  (20)  Hlair  Covi;,  Lulnurtli 

2446  (21)  W.  side-  of  Lalworlh 

2446  (3'i)  \V.  side  of  Pondtield  Cove 

8447  (S3)  Bacon  Hole,  Hewp  Bny     . 

8448  (21) 

2448  (25)  Mewp  Bay 

2460  (26)      „ 

94B1  (ZT)  Bat's  Corner 

24S8  (38)  W.  of  Lnlworth  Cove 


Sea-atacks  qf  Portland  Stone  capped  by 
Purbeck  ■  Broken  Beda.'     1899, 

Bea-atacks  o!  Portland  St'-ne  capped  by 
Parbeck  '  Broken  Beds.'     1699. 

Sea-stacks  of  Portlandand  Parbeck  Bocks. 


Thnst-plauG  in  Chalk  cUffs.    1899. 
Reriatent  character  of  hard  Portland  Rocks, 
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9163  (29)  Swire  Head       .  .       .  Throat-plane  andiaTeTsionmCbalk.  1S99. 

MM  (SO)  E.  of  Swire  Head  .       .              ,.                     „              „ 

M66  (31)  H&n-of-wuCovo  .        .  Inverted  Upper  Ciotaoeous  Bocks.     1SB9. 

3466  (32)  „  „  Crashed  Flints.     1899. 

M6T  (33)  AilEhmell  Gap   .  .  Venlokl  buida  of  cniahed  flints.     18911. 

M68  (M)  Near  Dnrdle  Door  .  Msssas  of  chert  in  Upper  Qreennnd.  1899. 

MS9  (36)         „  „  Vertical    Upper    Oreenaand    nitb    obetl 


DcRHAM. — Photographed  by  W.  W.  Midgley,  The  Museum,  Bolkm,    1/2. 

2886      (7)  BokeT  Socks,  noBi  Sander-    ConcrstioDarj-UagnesianLimeatone.  189C. 
land. 

Photographed  bu  E.  J.  Garwood,  Dryden  Chambers,  Oxford  Street,  W.C. 
13/10  E. 
near    Sea-stack  of  Magnesian  Limestone. 


EssBX. — Photographed  5j/  A.  E.  Mcbrat,  St.  Clare,  Upper  Walmer. 
1/2. 


GwuCESTBR. — Photographed  by  S.  H.  Retnoids,  JJnivernly  College, 
Brietd.    1/2. 

The  Clifton  Fanlt.     1899. 
„       „         „        Jnnotiou  ut  Hillstono 
Qrit  and  CarbonlferooB  Limestone.  1899. 
3462    (3)  „  „  „  Detail  of  Clifton  Faalt.     1869. 

M68    (4)  „  „        „  Minor  Thrnsts  in  Carbonilerons  LimestoDe, 

1899, 
S464    (6)  Observatory    Hill,    Clifton,    Minor  Thrusts    in    Carboniferoas    Liine- 

and  AvoD  Gorge.  stone.     1899. 

MBS    (fl)  The    Gnll^,    Avon    Gorge,    Oolitic  band  in  Carboniferons  Limestone. 

Clifton.  1899. 

M66    (7)  Avon  Gorge,  Clifton    .        .     The  '  Gnlly  Oolite '  in  the  Carboniferous 

Limestone     1899. 
246T    (8)  Hotwells  and  Clifton  Down    CaoTse  Dolomitic  Conglomerate.    1809. 

Rood,  Clifton. 
8468    (S)  Rallfray  CutUa^,  near  Chip-    Uneonformit;,  Dolomitio  Conglomerate  oc 
ping  Sodbnrj,  G.W.R.  C^boDiferoos  Limestone.     1899. 

Kkkt. — Photographed  by  A.K.  Coohaba-Swaht,  Walden,  Worplesdon, 

Guildford.    1/4. 

S869    (    )  Charlton    ....     Lower  London  Teitiaries  on  Chalk.     1899. 

8870  (    >  Erith Drift.  Thanet  Sand,  and  CluUk.     1H99. 

8871  (    )  Cllfl    near    Copt    Point,    JnnoUon  of  Qanlt  and  Lower  Greensand. 

Folkestone.  1899. 

Lasoasbire. — Photographed  by  W.  W.  Midolst,  The  Museum,  Bolton. 

1/2. 
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2384    (2)  Foxley  Bank,  near  Orindle-  FerraginoiiB  Upper  Monntain  Limestone 

ton.  folded.     1889. 

9835    (5)  Foiley  Bank,  near  Oriudle-  Fermginons  Upper  MonnMn  Llniettone, 

ton.  folded.    1699. 

Photographed  by  Q.  Bikclbt,  Thomiehurst,  Headingley,  Leeds.     I/I. 

H08    (G184)  Pimlico     Qaarrj,     near  Transverse  section  of  Carboniferous  LItue- 

Clitheroe.  stone  Knoll.     ]900. 

H94    (SIBK)  Pimlfoo     Qiian7,     near  Escarpment  edge  of  Limestone  In  Knoll. 

Clitheroe.  1900. 

249S    (SIRS)  Fimlioo     Qoany,     near  Slab    of    Carboniferoux    Limestone    with 

Clitheroe.  heads  and  stems  of  crinoida  from  Knoll. 
1900. 

3*96    (B186  1/2)  Pimlieo  Qnairj,  near  Carboniferous    Limestone     witb    alJoken- 

Clitberoe.  sides.     1900. 

LiKCOLN. — r}toio(iraphed  by  J.  Hollingwortr,  Holdemem  Soad,  Stdl, 
and  communicated  through  the  Hull  Geological  Society.     1/2. 

477  (12)  'The  Cliff,'  S.  of  Hnmber,     U.  Chalk  on  L.  Chalk  with  black  marl 

between  Barton  and  Fernby.         between.     IS9T. 

478  (13)  '  The  Clilf,'  S.  of  Hnnber,    M.  Chalk  on  L.  Cbalk,  viO,  black  marl 

between  Barton  and  Ferribj.        between.     189T. 

479  (14)  Soath    of    Hnmber,    near    Disturbed  beds  of  Oialk.     1897. 

Ferriby '  atff.' 

Norfolk. — Pkotograplied  by  Messrs.  Ealph  and  Jcltan,"  Kin^t  Lynn, 
mid  presented  by  W.  T.  Tuckee,  Park  Side,  Lougltboroii^h,     1/1, 

2497  (IG43a)  Near  Bailwaj  Station,     Gravel  pit  showing  site  in  which  hnman 

HnnitantoD.  bones  were  foand.     1S9T. 

2498  (15436)  Near  Rnilway  Station,    Gravel  pit  showing  site  in  which  bnnuoi 

Hunstanton.  bones  were  found.     lfl9T. 

NoRTRUHBERLAND. — P}toU>gTapIier  unknown. 
few-     Outcrop  of  Coal-seam. 


NoTTlMaiiAH. — Photographed  by  J.  T.  BriLET,  and  enlarged  b\ 
E.  W.  Small,  77ie  J/oitnJ,  Derfty.     1/1  E. 


BwROvaRiJLR.~P}i,oiograpked  by  E.  S.  Cobbold,  Wading  House,  Church 

StreUon.     1/i. 

2636    (3)  Comlej   Qaarry,   near    The  Cambrian  Olenellns  Limestone.     Ifl99. 

Lawley,  Chuioh  Stretton, 

26S0    (2)  Sand-pit,     west    slope     of  Sandv    drift    dipping    steeply    to    N.W. 

Haitler,  Church  Stretton.  1898. 

2687     (4)  Uiwrence      Hill      Quarry,  Banded  coarse  and  fine  Uriconian  tnfts, 

Wrekin.  1809 

2888    (5)  Lawrence      Hill      Quarr;,  Banded  coarse  and  fine  tJrIoimlan  toffs, 

Wrekin,  ;899, 


I  ,y  Go  Ogle 
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SOMKVam.—PHotograjAed  by  8.  H.  Rbtholds,  (/nivernly  College, 

SruloL    1/4. 
L 

to  (13)  Shore   between  Portisbead    UncoDformitT  of  Dolamittc  Conglomerate 
--'  "'—  '-  on  Old  Bed  Saiidshiiie.     1899. 

TTncDQfonDtt;  of  Dolomitio  Conglomerate 
OD  Old  Red  Sandstone.     1899. 
'1  (12)  „  „  „  TjBcoofonnity  of  Dolomitic  Congloraerato 

on  Old  Red  Sandjtooe.     1899. 
'S  (1.1)  Woodhill  Bay,  Pottlahead    .     False-bedding     in     Old    Bod    Sandstone. 

Weathoiing  of  Great  Oolite.     18S!>. 
Kroestone  and    'Bag'  in    Great   Oolite. 

1899. 
False-bedding  in  Great  Oolite.     1899. 


DKHBY. — riiotographed  by  J.  H,  Pledge,*  IIS  Eiclimond  Road,  N.B, 
1/2. 

4  (SI)  Grayelly  HUI,  Caterhain      .  Clay-with-flinta  over   flint-pebble  gravel. 

1899. 

i6  (S3)  N.  of  road  between  Bletoh-  Maasive  cherts,  ko.,  of  the  Lower  Green- 

in^ley  and  Tilburstow  Hill.  Band.     1899. 

>e  (S4)  N.  of  road  between  Blotch-  Massivo  cborls,  to).,  of  the  Lower  Green. 

ingley  anil  Tilbnrstow  Hill.  sand.     1899. 

i7  (S8)  N.  of  road  between  Bletch-  Cliert  in  Ix>wer  Greonsand.     IIKW. 

ioglcy  iind  Tilborstow  Hill. 

i8  (S7)  N.K.W.  of  Tilbnrstow  llill  High  dip  in  I^wer  Grecnsand.    1900. 

i9  (S5)  S.  oEOxted  Stalion     .       .    Folkestone  Sands   in   Lower  Greensaod. 
1900. 

0  (SG)  N.  of  Ozted  Tillage      ,        .    Folkestone   Sands  in    Lower   Graensand, 

1900. 

Photographed  by  H.  W.  Movcktok,  10  King's  Bench  Waik, 
Tem}>!e,  E.C.     1/4. 

1  (8E1)  Chobham     Bidges.     Jack'-    Sarsen  in  gravel.     1R97. 

pond  Hill, 

2  (8u4)  Oiobham  Ridges,  R.  Albert     Lai^e  Sarsen.     1897. 

3  (H.-IA)  Chobham  Ridges,  R.Albert    flarsens.     1«97. 

Asylum. 

4  (8E6)  Chobham  Ridgee.  R.  Albert    T^rge  Sarsen.     1H97, 

A^ylnm. 

Sussex. — PAolographed  by  F.  Chapuan,  111  OakhUl  Road, 
Putney,  S.W.     1/4. 

I  (    )  Clia    at    Aldiingtoo,     near    Raised  Beach  and  Rubble  drift.    1899. 
Brighton. 

Wbhthorklamd. — Pl\olographed  by  Lord  Avebort,  High  Elmf, 
Farnboro^ugh,  Kent.     1/4. 

1  (    )  NearSbap   •        .        .        .     'Grikes'  or   widened  joints   in   Carboni- 

ferons  Limestone. 

2  (     )  Loughrif^  Fell,  near  Amble-     Rugged      Fell      made      of      Ordoviciar^ 

side.  Volcanic  Books.  ' 

5  (     )  LoughTiggFen,nparAmbl^-     Smooth  hills  of  Silorian  Rocks. 
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Yorkshire. — Photographed  hy  G.  Binci.ey,  ThomMiurs/, 

Hmdinghij,  Lsp-ds.     I/I,  \;ioiid  1,'+. 

2382  (TiKA)  L'oii;nphaniHnl1,Eiiarc8-     R.  Mild  flowinfi;  over  highly  inclined  Mill- 


2398  (30:>2)  Conjngbi 

1  wrong]  1. 
2394  C5ahl)Lin(fertieldQimm-.Scrlvi 

iieiir  Knaicsboitiiigli. 
3896  (.'.0.-))  LingcrlieM  Schoolliouse 


T  highly  inrlincd  Mill- 


nail,  Knarea-    It.  N'i<l(l  Qovin";  o' 
FtoneGrit.     18S 
EcU  Itoulder-Elay  on  ilillstone  Grit.    Iftnil. 


Jloraine  gravels  covered  by  reel  Bouldcr- 


1S9». 
Eitm-mominic    stream     course,   looking 

Intake  of  Cajton  GiU  Valley.     189a. 

Looking  down  valley  (Dole  Bank).    1809. 

lateral  escape  of  Mai^ington  Beck.  1899, 
I  from  Toad  at 
Sbiitt  Honse, 


2398  (50S7)      ,. 

2899  (5038)  Caytonaiil.MoroarWootl, 

Markington. 
S400  (6059)  CajtonGill.MorcarWood, 

Markingten . 

2401  (5060)  CaytonGill,Morcar Wood, 

ITarkin^ton. 

2402  (50G1)  Cayton  Gill,  Morcar  Wood,     Valley  looking  down  st 

Markiugton.  Dole  Bank.     1B!)9. 

2408  (5062)  Cayton  Gill,  Morcat  Wood,  Inlet  of  lateral  »tceam 

Markingtou.  first  tributary.     1899. 

24Q4  (BOBS)  Cayton  Gill. MorcarWood,  Fan  delta  o!  first  tributary  lateral  stream. 

Mnrfeington.  1999. 

2405  (0064)  Cayton  Gill,  Moroar Wood,  Narrowest  part.     1889. 

Outlet  of  Cayton  Oil!,  looking  over  delta. 


2410  (SOTS)  Site  of  '  Camdon,'  i 
looking  the  villajrc 
M.ilham. 

3486  (SIGO  1/2)  Ingle  borough     . 


oE 


Weathered  joints  in  Carbon ilorons  Lime- 
stone.    189n. 
•Waterbura;?.'     1899. 


2487  (.-llil  1/2)  „ 

2488  (r>187  1  '2)  Long  Ein  Enst,  Ingle- 

borongli, 
248B  (.-ISM  1/2)  Ingleboroogh.  I 


Pol-hole     ill     Carbonitoniui* 

1900. 
I'ot-hole    in     Carlmnifcroiia     Limestone. 

1900. 
Pot-hole    in     Carboniferous     Limestone. 

1900. 
J.  side     Snallow-liolc  in  Carboniferous  Limestone. 

1900. 

2490  (u]R!l  1/2)  '  Jockey  Hcilc,'  Ingle-     Pot-hole     in     CarbonitcrouB     IJmcstone. 

borough,  1900. 

2491  (Sl><0)  Uashall,  near  Clithcroo    .     Gravel-pit  in  Esber.     1900. 

2492  (31S1 )  „  „  Conglomerate  i'l-  Htii,  in  Esker.     1900. 

Photographed  &y  J.  HOLUiiGWORTn,  Iloldemeits  Road,  HuU,  and 

eomnvunieated  through  tite  Hull  Geological  Society.     1/3, 

^80  (IS)  HesF]e XTpper  Cha1)>   ovcrl^n  iij  rcccpt   paml; 
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2640    (P&31)  Uarloes  Sands      .       ,  Vertioal  Silurian  bads.    1697. 

2M1     (P9T3)       „           „  Cout^erosioQ  ill  inclined  stnts.    189T. 

BH2    (P971)  The  Wiok,Skoinei;lBliHHl  Dip-slope    of    Ordovidan   oocgiomemte t 

inlet  of  the  sea  alDng  fault.     1S8T. 

8549    (P9T2}        „                „          „  Felsitic  rocks  faalCedagainitBtualt.  1897. 

a6«     (P  97Q)        „                „          „  Sedimenta  faulted  against  Basalt.     1897 

2646    (P974)  'Tom's  House,'  akomer  Uip-slope  of  Basalt,  promonUiry  of  Rhyi>- 

Island.  liCo.     1897. 

8040    (P9ttl)<Tbe    Bobiq,'    Skomer  Weatbering  of  Spberoidal  Rh jolite.    189B. 

aS4T     (P  flH2)  The     Mewstone    Inlet,  Marine  orfuuDn  guided  hj  the  nature  of 

Skomcr  Island.  the  rocks.     189S 

8848    (P  nR3)  The    McwBtone    Inlet,  Effect  of  dip  on  surface  fcaturo.    1898. 

Skamer  Island. 

ISLE  OF  MAN. 
Fhotoffraphed  by  Sir  Abchibald  Geikie,  28  Jermyn  Street,  S.  W.     5/4. 

8515  (1)  W,  end  of  Cromwell's  Walk,  Vertical  vesicular  bands  in  Basalt,     1899. 

Scarlet  Point. 

8516  (2)  W.  end  of  Cromwell's  Walk,  Gaps  in  loner  od^  of  tabular  Basalt  nov 

Scarlet  Point.  filled  with  agglomerate.     1893. 

861T     (3)  W.  end  of  Cromwell's  Walk,  Vesicular    stracture    In    tabular    Basalt 

l^carlet  Point.  parallel  to  the  lower  surface.     1999. 

851S    (4)  W.  end  of  Cromwell's  Walk,  Steeply    inclined    vesicular    Basalt    with 

Scarlet  Point.  wrinklod  Hurfaec.     1S99. 

2519  (5)  Foreshore  nndcr  Cromwell's  Dome-like    strip    of    Chert;    Limestone 

Walk,  Scarlet.  amongat  coarse  agglornorate.     199i>. 

2520  (C)  Cliff,  800  yards  B.  of  Close-  Lamioatcd  Axh  meriting  into  oonfnBed,  un- 

n;-Chollagb  Point,  Scarlet.  stratifieil  ash.     1899. 

2981    (T)  CUfI,  600  yards  S.  of  Close-  Coarse  Breccia  of  vealoolar  Basalt  passing 

ny-ChoUagb  Point,  Scarlet.  into  salid  Basalt,     1899. 


INVERTTBSS. — Photograj^ied  by  A.  K.  Cookaea-Swamt,  Waldefi, 
__  Worpleadon,  Guildford.     1/4. 
88T2     (        )  Amisdate,  Locb  Houm  .     Moine  Schists  of  Roinn  Sgriol.     1899, 

2373  (         )  Road  from    Glenclg  to  „  „  „ 

Amisdale. 

2374  (         )  N.  of  Beinn  Mhialniridb,     Wc-ithered  I^mpropbyro  Dyke.     1899. 

near  Glenelg. 
987G    (        )  N.otRudhaMor.Bandaig.    Coast  erosion  of  Lewisian  Qneiss.     1899. 
23T8    (         )  Sandaig,  near  Glenelg    .     Felsite  Dyke  in  Lewisian  Gneiss,     1899. 

2377  C         )  Half-mile  S.  of  Sandaij;    Actinolite  in  I^ewision  Gneiss.     1899. 

2378  (         >  W.  of  Port  Lainge,  near    Contorted  Lewisian  Gneiss.     1899. 

Sandaig. 

8379  (         )  E.  of  Camas- nan-ftennn,  „  „  „  „ 

W.  of  Raisaidh,  Loch  Uoum. 

8380  (         )  E.  of  OblasEilean,  W.of    BasaltioDykewith  vesicnl&ioentte.    1899. 

Raisaidh, 
2381     (         )  B.  of  Ghla9Eiiean,W.of 

Raisaidh. 
8832    (         )   Scuir-na-Gillean.     from    Gabbro  and  Granophyre.     1899. 

Druim-an-Eidbue,  Skye, 

8383  (        }  Bbaatt^ir  Tooth,  Scuir-na-     Gabbro  with  Basio  Dykes  and  SiUa.    1899. 

QUlean,  Skye. 

8384  (        )   Drnim-an-Eidhne,     Cn-     Oabhro,  with  fine  Fcltite  veins.     1899. 

chullin  UUlB,  Skye. 
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2341  (4E)  KenT  Dunliioe    .        ,        .    Chalk    arch    aod    headl&od    capped     bj 

Basalt.    1S9C. 

2342  (52)  Giant's    CanBeway,     Lord    Columnar  Basalt.    1897. 

2343  (53)  Oinnt's     OrgaD.     Olanfa    Columnar  Basalt  with  crosa  joints     1807. 

CanaewH]'. 

2344  (d6)  Wiodj  Gap        .       ,       .    Spheroidal  weatberii^  of  Basalt.    ISBG. 
284S     (66)  Giant's  Caiisewaf  .     IroD -ore  zone.     1895. 

2346  (43)  Balljcastle        .  .    Denudation  oC  Chalk  cliffs.    1891. 

2347  <42) 

234B    (.''>8)  liarrv    Banc    Bay,    Bnlly-  Chalk  clilTs.     18!I4. 
ca.=ao. 

2849  <ei)  Fair  Head  ....  Denudation  of  Columnar  Daaalt.     1 S90. 

2850  (.".1)  BalljgiUly.'Wren'BEgg'  .  Erratic  of  Etasalt.     189.1. 

3851     (47)  Whitohcnd ,  .    Basalt  Djke  in  New  Red  Sandstone.     189E. 

2862  (46)  Macedon  Point. .  .    Two  intersecting  dfkea  of  Basalt.     1S08. 

Antrim. — Photographed  hj  R.  Welch,*  Lonsdale  Street,  Bdfatt.     1/1, 

2801    (tl7i>)  Stack-a.hof,  Rathlinls.     Sea-staok    of    rudely   Colnmnar    Baaalt 

Lavas.     1899. 
2602    (496)  Straidkillj,  Coast  Boad    .     Village,  on    Lias    whioh    Is    oontinoally 

HlippiDg  seaward.    1886. 
2808    (2G0)  Giant's  Chiinne?  Tops  anil     Columnar    and     masiiTe     Basalt    flowi. 
Amphitheatre,  Giant's  Cause-         188(;. 

2604  (971)  Giant's  Causeway     .        .     Floor  of  Columnar  Basalt    1890. 

2605  (976)  Giant's  Causeway,  Middlo    Colnmnar  Basalt    1890. 

Causeway. 

2606  (212)    Giant's    CauBewai-,   The    Long  columns  of  Basalt.     1886. 

2B0T     (ulGfi)  Giant's  Causeway   .         .,  Spheroidal  weathering  of  Basalt.     1897. 
2608    (978)   Giant's   Causeway,   Tort-     Cave  worn  by  marine  action  in  Spheroidal 

coon  Cave.  Basalt.     1886. 

3609    (790)    Giant's    Causeway,    The     Breakers  rolling  over  ledges  of  Ctelomnar 

Stookans.  Basalt.     IS87. 

2610  (S775)  Carey  River  Head    .  Lower  end  of  nndeigronnd  channel  drain- 

ing Lough-a-veena  into  Carey  River.  189S. 

2611  (239)  Carrick-a-Rede  Barine      .     Sea  gully  in  a  volcanic  neck.     1890. 

2612  (05G)WbitepftrkBay,  Ballintoy,     Prehistoric  settlemeatand  middens.   1807. 

2613  (609)  Fair  Head  .     CoarselyColumnarsheet  ofDolcriCe.  189a 

2614  {!i\^i)  OilTs  of  Mntloiii;h  Bay  .    Chalk  clUf  with  talus,  slipping  over  Trias 

bods  below.    1898. 
281S     (686)  Ciishondun       .        .        .    Cave  worn  by  marine  action  in  coarse  con- 
glomeiate  of  Old  Red  Saudstonc  age. 
1889. 

3616  (651)  Esa-na-larach.  G]on.arifI  .     Bavino  in  Basalt  worn  by  waterfall.    1894, 

3617  (6201)  Grant's  Minos,  Toome    .     Dialomaceous  Earth  (' Bann  clay').    1899. 

Clare. — Pholographed  by  G.  Fogerty,  CI  George's  Street,  Limerick.     1/2. 

2863  (S)  Fnnore,  near  Black  Head     .    Jointing    in     Carboniferous     Umestone. 

1899. 

2354  (6)  Caher,  Jjjwer,  near  Black  Terraces  of  Carboniferous  Limestone. 
Head.  1890. 

2365    (6)  Black  Head  .       .    Escarpment  Cliff  ot  CarbonUcrans  Lime- 

stone.   1899. 

2306  (2)  Farrihy  Bay  .  .  .  Marine  denudation  of  Lower  Coal- 
neasares.     1895. 

2367  (4)  Cliffs  of  Moher  .  .  .  Stc^p  and  loCty  cliffs  of  Carboniferout 
Rocks.     1890, 
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DoNBGAL.— P/MtfoyrapAed  by  B.  Wblch,*  Lonadaie  Street,  Jieffaat, 
arid  aenlthrovgh  the  Bel/att  NaturalitW  Field  Club.     1/1. 

No. 

2618    (2242)  Cratlagli  Wood,  Uniioy  Schistose  aiea  ot  Dooegal    1H93. 

Bay. 

9619    (2250)  Rosapciuia     .       .       .  Section  through  sand-done  on  which  old 

kitchen- middcD  rests.     1893. 

26M    (S209)  Baroesmote  Gap     .         .  Pass  In  granite  arcs.     1300. 

2621  (lUO)  Crooghconnellagh,      Mt.  Granite  Hoontaic,  cliffs  over  tains.     1900. 

Batnesmore. 

2622  (6136)  Tho  Polltna  River,  Bal-  Riier    entering     ondeisround     channel, 

lintra.  1891. 

DowK. — Photograp/ied  by  R.  Welch,*  LonitdaU  Street,  Betfaat, 
and  tent  through  the  Belfast  Naturalieta^  Field  Club.     l/I. 
2628    (£208)  Sampson's  Stone,  Down-    Large  Basalt  erratic.    1900. 

Patrick. 
9624    (6180)  Newcastle       .        .        .    Sand-done,  showing  the  retaining  action 

of  Bent,  &c     1898. 
2625    (6179)        „  ...    Section  of  sond-dane,  showing  wind  erosion 

and  false-beddmg.    1898. 
9626    (G178)    Newcastle   and    Slleve    Storm  ridges  of  raised  beach  partly  covered 
DooanL  with  sand-danes.    1898. 

2627  (G177)  Newoaatle  .     Tlun-bedded  Ordovician  strata.     1898. 

2628  (olTG)  Cliffs  at  Maggie's  Loop,      Th!n-bedde<l,    slightly   contorted,    Ordo- 

Newcastle.  vician  strata.     1898. 

Fhohgraphedbi/'V!,  Grki,  0 Unburn  Park,  lielfiut.     1/4. 

9368    (49)    Ards    Coast,     Strangford    Erratic  Block.     1896. 

2369     (30)  Itiillyhalbcrt      ...  ,.  on  Silurian  Ilucks.     1H'.)G. 

2360     (l>2)    Wallace's    Uock5,    Uallv-     Folded  Silurhin  Strata.     IS'.iJ. 

lialbcct  Boad. 
2861     (65)Uall}halbert       .  .    Basalt  djkes  in   Lower    Silurian    Uocks. 

1896. 
2382    (63)  Gutin's  Island    .  .    Basalt  djkes    in   Lower    Silurian   Bocksi 

1B9C. 
2363    (Gl)  Sheepland  Harbour    .        .     Basalt  dykes  in    Lower  Siturian    BockSi 

189G. 

riuitographed  by  Miw  Mary  K.  AsDEiswa,  12  Cdlcge  Gardens, 
Belfast.    1/4. 

6866    (11)  Newoastlo,   little    N.    of    Erosion  of  sea  coast.    1899. 

Harbour. 
93ST    (9)    Newcastle,   little    N.    uf  „  „ 

Harbour, 
2368    (iO)    Newcastle,    little    X.     uf  .,  „ 

Harbour. 

GihvtAV.^^PIwtoffraphed  by  R.  'Wblcii,*  Lotudalo  Street,  Iklj'ad, 
aiul  tent  through  Hie  Belfast  Natwraliaia' Field  Clvb.     1/1. 


Ebrbt. — Photographed  by  S.  H.  Reynolds,  Univernty  College, 
BrittoL    1/4. 
16    (8S)  Near  Clogb,  Olcgher  Head    Dip  of  Silurian  flags,    ISDV. 

Diatrict.  ,  -  ■ 
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Kegd. 
No. 

258A    (37)  dully  near    Ciogh   Point,  I[]9neace  of  dip  on  form  ot  golly.     1S99. 

Clogher  Head  District. 

2S8T    (39)  Nortb     of     Clc^b    Point,  Inlet  eroded  along  jmictioD  of  Oaga  with 

ClOKher  Head  District.  overlying  tuffa.     1890. 

S588    (40)  North    of    Drom    Point,  Bedded  tuffs  altemaiiog  with  Sandstone 

Clogher  Head  District.  bands.     Itt99. 

2S89    (11)  North    of     Drom     Point,  Allemalin};  coarse  and  line  tnSs  and  Red 

Clogher  Head  District.  Ijandstone.     189!l. 

S690    (S8)  Inlet,     S.E.    of     Failwee,  Kroaion  along  bedding  plane.    1B!>9. 

Clogher  Head  Distriut. 

2601    (4^)  8.  of  FoUwee,  Clogher  Head  Faulting  in  bedded  tnSs.     1899. 

District. 

2693     (43)  Coosmore,   Clogher    Head  Dytarbcd  Ludlow  beds.     1899. 

District. 

2608    (4J)  DoonPointand  Sybil  Head,  Joint  cave.    1899. 

Clogher  Head  District. 

2604    (4G)  Minnannmore     Bock    and  Rugged  rhyolita  hill  and  smooth  hill  of 

Croa^marhin  Hill.  Silurian  slate.     1899. 

989S     (46)  Clogher  Head  District        .  'Fucoidmarkings'onLndlowaagB.     1899. 

2606    (47)  NorthsideofCloghecHead.  RhyoUte  blocks  in  ooarae  a.h.     1899. 

269T    (48)  South-east      of      Foilwee,  Weathered   surface  of  nodular   rhyolite. 

Clogher  Head  District.  1899. 

2608    (49)  Uinnaunmore   Rock,   CIo'  Weathered  surface   of   nodular    rhyolite. 

gher  Head  District.  1899. 

a&ee    (SO)  west   of    Eedcliffe    Cove,  Weathered  Bqrface  of  tnff.     1899. 

Oogber  Head  District. 

2600    (Gl)  OS    Bull's   Head,    Diogle  Bes-stack  of  Dingle  beds.    1899. 

Fromontoiy. 

LiMEBiCK. — PItotographed  by  G.  Pogehty,  61  Geory^a  Slrael, 

Lirtteriei:.     1/2. 

0866    (I)  Caherconlish       .       .       .    Colnmnarporphyritlcigneoasrook.    1897 

LoNDOMDKRRY. — Photographed  by  Wi  Gray,  Glenbttm  Park, 
Belfast.     1/2. 
8B8i    (OS)  Benbradogb       .       .       ,    Obalk  quarry.the  mostweslerlyln  Europe. 
1899. 

MiJATii. — Pluilograplied  by  E.  Welch,*  tontdaU  Street,  Belfatt, 
and  aeni  through  the  Belfast  IfaturalUts'  FieH  Club.     1/1. 

2680  (UGO)  Qorge  of  the  Boyne  at     Contorted    Carboniferons   Limestone   cat 

Bcauparc.  through  by  river.     1900. 

2681  (S222)  Gorge  of  the  Boyne  at    Contorted    Carboniferous    Limestone  cut 

Ueauparc.  through  by  river:  near  view.     1900. 

Sligo. — Photographed  hi/  R.  Welch,*  Lonsdale  Street,  Belfast, 
and  sent  through  tlte  Belfast  Naturalistic  Field  Club.     1/1. 

S682    (2096)  Qlencar,  Sligo         .        .    Eseiirpment  oliS  of  Oarboniferoni   Lime^ 

stone,     1882. 
2633    (2100)  Glencar Fall, near  Sligo.    Cirque  with   waterfall    in    CarboniferonJ 


ROCK-STEUCTUBBS.  Sue. 
Photographed  by  W.  W.  Midgut,  The  Museum,  Bolton.    1/4. 
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Nb. 

2fif  3  (8)  Ennerdale,  Cilmbetland       .  Qranopbjre.      x  20. 

SATd  (9}  Luxuljan.  Cornwall    .        .  Schorl-gnnite.     x  SO. 

2674  (11)  Tormore  Shore,  Anan        .  Pitclistonc.      k60. 

2575  (12)  Brodick   .  School     House,  Pitchstone.     x  60. 

2676  (14)  Airau         ....  SphemliCec      xSO. 

2577  (lU)  Bolton,  Lanoaehire     .        ,  Blaat-fomace  slag,      k  20. 

2578  (IT)  OiaDt'aCaDseway.Antiiin.  Ijssalt.      x  20. 
2679  (18)  Rivet    Coquet,    Bothbory,  Dolerite.      x  20. 

NoTthnmberlond. 

2580  (23)  Cloughwatsr,  Autrini  .  Rbjolite,  wich  flow-stntctare.      x20. 

2581  (26)  Keanick,  Cnmberlaud  ,  Agates  in  volcanic  a^      k20. 
2682     (29)  Inchcolm  Bock  .        .  .  Picrite.      x  20. 

2588    (30)  Near  Edinboigb  .    Picrite.      x  20. 

25«i    (36)  Wolt  Kock,  Corniiall        .    Fhonolite.     x  20. 

I'hotogra^ted  by  Q.  Bimolsy,  T}tomie}i,v^8ty  HtodingUy,  Leeds.     1/4. 

tSTl     (6190)  8althillQiian7,CUtlien>e    ^ri/eni if Ha«a,ihoning spiral  ansB.  lOOa 

LIST  11. 

NUMBERS  OF  OLD  PHOTOGRAPHS  CANCELLED. 

191,  392,  «00. 

LIST  III. 

RENEWALS  AND  CORRECTIONS. 

Saieicali. 

YoHKfiSiBB. — Senevxd  by  G.  BiNSLBr,   Thormehutat,  Headinghy, 

Leeds:   1/2. 


Dfevotf. — Eenetoed  by  A.  iC.  CooiLiha-Swahi',    WtUdiiii    WotphidoH, 
Guildford.     1/4. 
M58    (  )  BlndoD,  W.  ol  L7me  BegU .    Olift  caused  by  Landslip.     189S. 

Atrtmii.— Renewed  by  J.  Beow*,  JJelair,  Windsor  Aixnuci  SeHhut;.     1/2. 
aftT    (  )  Huck  Island  ....     Marine  Denadation.     1392. 

Uowi*.— .fienewed  by  Miaa  M.  K.  Andrews,  12  CoUe^e  Gardens,  Melfiut. 

1/2. 
340    C  )  (^peland  Island    ,       .       .    Lower  Silurian  Bocks.    1891, 

LoNDOliDKttttY. — Stnewedby  Miss  M.  K.  Andrews,  12  College  GurtUnB, 

helfast.     1/2. 

A29    C  )  Dowuliili;     .       ,       .       .    Chalk  nnclorlfing  basalt.    1891. 

Qorrectiom. 

WoRCEBTEBSBlBE, — Photographed  by  W.  J.  UakrisoH,  32  Clareiitohl 

Road,  Ifdndstcorth,  Birmingham.     1/2. 

1440  (  )  (JallfoTcla,  near  Birmingham    Bonlder  clay.     1896. 

1441  ()  M  »'  ..  'loaiarabbetclar'onl^l- 

"iBDe.  ,--         I 


THE  DUPLICATE  (U)AX)  COLLECTIOS. 

The  numbers  placed  after  the  deecription  of  the  photograpii  refer  to 
the  list 'of  mimes  and  addresses  given  at  the  end.  The  first  refers  to  the 
photographer,  who  is  also  the  donor  in  most  cases.  When  he  is  not,  the 
doaor  is  indicated  hj  a  second  number. 

Full  localities  and  descriptions  are  given  in  present  and  previous  lists 
under  the  nnmbers. 

This  collection  is  arranged  geologically,  and  from  time  to  time  the  less 
perfect  and  less  typical  photographs  will  be  removed  and  better  ones  sub- 
stituted as  they  are  given.  Those  laid  aside  can  always  be  seen,  sent,  or 
returned  by  request. 


Sock-Slrucltires. 
Bedding, 

in  C'arbo-    Miickros  '  Market  House,'  Kiloar,  DonegnJ. 


Evidenoet  of  Earlli-movement. 

L'lei-ation  and  Subtidencc. 

168?     Raised  Beach  on  Filton  Bods    .     Sannton    DoTm    End,     Bamataple     Bay. 


&<fiS    Anticline  in  Culm-moasures       .    Cookhigton  Beaob.near  Bideford.    40P,S. 
3426    Anttcllne  in  Cnlm-iDCBsnies      .    CockingtonBea^.  near  Bideford.    40  P. 

40    yoldedt'arbonifetoiisl.imestone     Draugliton,  near  Skipton.     21  S.  15. 
2878    CoDtorted  Lewistan  Giii^irs  West   of   Pore     I<iiingc.     neai'     ^nilMe, 

Glcnul-.     10  I'.S. 

.i'lr/iKV  J'j-:iiri<:s:  Dcnailatwit  ami  D'jionU. 
Wvathering, 
&2?0    Honcycomb-wcatlieriiig  in  Keu-    Budlclgh  SaltcrUin.     ill  t>, 

per  SiuidstODC. 
343T    Uutstanding  Rock      .  .  ThcAgglcatone.u^rStudland, Dorset.  Sns. 

2488 

Volcanic  and  Plutonic  Bockt. 
Volcawff- 
t*.  26    Crater  Lake       ....    rulvermasr,  Eifel,  Gctmony.    40  P. 
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Roeh^nattei  and  their  Selaiiom. 

No.' 
F.  11    Alternationi  of  Basklt  lavA  and     '  Cowndi  SeotioQ,'  Uoot  Dore,  Aarergno, 
tnS.  F'nuioe.    40  S. 

n>ph;re    Korth  of  Beinn  Mhialairldb,  near  Qleuele, 
10  a 


23TT    Actiuolite  In  Lewlslui  Gneiis    .  Half  a,  mile  toath  of  Sondaig  Bnin,  dcilt 
Olenalg.     10  S. 

i38    Cotl-meaBDns    abofe     Boestoa  Longler's  BrickTard,  Leeds.    5S  T. 

Bed. 

189    Coal-meaanieaisdndlngBeeston  GroBveiior  Brickyard,  Leadi.    BB  P. 

Bed  Coal 

140    Coal-measares  above  tbo  Crow  Bojie'e  Qoarry,  Lead*.    6S  F. 

Coal. 
Kl    Coal-roeaaoret  inolnding  Crow  „  „  „ 

Coal. 

142    '  Black  Bed '  Coal  Seam     .       .  Dollj  Lane  Brickyard,  Leedi.    SA  P. 

148    '  Bett«i  Bad '  Coal  tieam     .        .  Benson  Btraet  Brickyaid,  Leeds.     Stl  P. 

Muoxic. 
WO    PaiamoudrM  in  Chalk        .  Soldierstowo,  Moira,  Antrim.     60  P. 

Nama  and  Addresses  of  Donors  and  Photographers. 

9.  B.  Welch,  Lonsdiile  Street,  Belfiist. 
IS.  A.  S.  Reid,  Tcinii  j  College,  QlenalmoDd,  Pertb. 
21.  Professor  B.  Wajmonth  Reid,  Dniveriity  College,  Dondee. 
10.  A.  K.  C  'OmaTS-Snam;.  Walden.  Woipleodon,  'lalldford. 
19.  Uisa  B.  U.  Partridge,  75  High  Street,  Bamataple. 
S6   W.  Gray,  Qlenbnm  Park,  Belfast. 
88.  V.  W.  Branson,  11  Cotnmerotal  Street,  Leeds. 
la.  H.  W.  Monckton,  10  Ring'a  Benoh  Walk,  Temple,  B.C. 


Onihe  Geological  Age  of  the  Ewrih.  £)/ Professor  J,  JoLY,I),Se.,  FJt.S. 
[Ordered  by  the  GeaeiBl  Committee  to  be  printed  in  eait&iao.'] 

On  account  of  a  certain  small  amount  of  arithmetical  complexity  involved 
in  tiiiB  statement  of  the  method  of  eatimatlng  the  age  of  the  earth  by 
solvent  denudation,  I  have  had  a  brief  summary  of  it  put  into  print,  all 
the  quantities  involved  being  calculated  into  the  metrical  system  of  units 
(see  Appendix).  With  this  in  your  hands  I  may  be  permitted  to  leave 
figures  aside  in  the  few  remarks  I  have  to  make. 

In  this  method,  as  the  President  of  the  Geological  Section  has  already 
stated,  the  sodium  oontained  in  the  sea  is  assumed  to  be  a  measure  of  the 
total  amount  of  solvent  denudation  sinoe  the  oceans  were  formed,  and 
the  amount  of  sodium  annually  supplied  by  the  rivers  is  taken  as  a 
measure  of  the  rate  at  which  this  denudation  has  been  effected.  Why 
attention  is  restricted  to  th«  sodium  need  not  be  enlarged  upon  farther 
than  to  say  that  every  other  element  supplied  by  solution  of  the  rocks  is 
again  rejected  by  the  sea  to  an  extent  which  renders  it  unavailable. 

It  will  be  found  on  reference  to  the  summary  that  allowance  is  made 
for  the  eSbcts  of  the  probable  amount  of  active  acid  primwaBy  unoom' 
1»M,  '  /bi,  , 
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hined,  on  the  basis  that  sensibly  the  whole  of  the  chlorioe  now  in  the 
ocean  was  then  existent  in  the  form  of  HCl.  This  amounts  to  a  sub- 
tractive  correction  of  under  6  per  cent,  on  geological  time.  After  oon- 
Bideration  of  all  the  facts,  I  do  not  think  any  further  concession  to  the 
popular  aBsertion,  that  '  the  sea  wa^  salt  from  the  first,'  can  be  made. 

A  deduction  is  also  suggested  for  direct  solvent  dtnudalion  by  Ute  tea. 
The  correction  is  taken  as  between  3  and  G  per  cent.,  the  basis  of  correc- 
tion being  the  ratio  of  the  tide-swept  area  to  the  total  rainy  land  fcrea, 
and  some  experiments  which  appear  to  show  that  over  the  same  area  of 
rock  surface  the  rate  of  marine  solution  cannot  be  more  than  twenty  times 
the  rate  of  atmospheric  denudation  These  experiments  are  communicated 
to  this  Section.  They  arp  somewhat  incomplete,  but  their  rough  indica- 
tion may  be  accepted  as  sufficient  for  the  present  purpose. 

Allowance  is  also  made  for  the  transport  of  todium  Jrotn  iJu  tea  to  the 
rivers  through  the  atmosphere.  Data  are  required  in  order  to  define  this 
allowance  more  precisely. 

The  brief  review  of  the  method  before  you  also  refers  to  the  rock-gait 
depogilt.  These  appear  to  be  quite  negligible  compared  with  the  enoraioas 
mass  of  chloride  of  sodium  cow  in  the  ocean — sufficient  to  cover  the  entire 
land  area  to  a  depth  of  1 2S  metres — unless  deposits  of  this  substance,  far 
greater  than  anything  at  present  dreamt  of,  are  discovered. 

Some  other  poanble  sources  of  trror  are  considered,  but  these  will  more 
fitly  be  referred  to  further  on. 

It  is  a  eonfirmalwn  of  the  general  validity  of  the  method  that  accept- 
ing— with  slight  modifications — Mr.  Mellard  Eeade's  estimate  of  the  total 
mass  of  detrital  sediments,  and  a  mean  soda  content  of  these  sediments, 
based  on  a  veryconsiderablenumberof  analyses,  we  find  that  the  resulting 
total  mass  of  contained  sodium  added  to  the  soda  equivalent  of  the  sodium 
now  in  the  ocean  suffices  to  restore  to  the  adequate  mass  of  parent 
igneous  rock  a  soda  percentage  approximately  equal  to  that  of  the  mean 
igneous  crust-rock  of  the  earth.  In  other  words  what  sodium  is  con- 
tained in  the  ocean  is  approximately  equal  to  the  amount  which  would 
have  been  wasted  from  such  a  mean  igneous  rock  upon  its  d^radation 
into  the  probable  mass  of  detrital  sediments. 

Finally  we  find  the  method  affords  on  the  basis  of  tha  best  data 
available  a  duration  since  aubaerial  denudation  began  of  between  ninety 
and  one  hundred  mUliana  of  years. 

Professor  Sollas  has  really  referred  to  the  weakest  point  in  this  estiTnaie 
when  he  questions  the  sufBciency  of  the  data  affi)rding  the  annual  river 
supply  of  sodium.  However,  there  is  much  reason  to  believe  that  the 
nineteen  rivers— a  fair  admixture  of  great  and  small  ones — afibrd  an 
approximation  to  the  nature  of  wliat  the  world's  rivers  yield  in  the  form 
of  dissolved  matter  to  the  ocean.  The  want  emphasises  Professor  Sollas's 
demand  for  more  experiment,  and  Sir  Archibald  Geikie's  for  geological 
co-operation.     The  data  required  are  really  of  the  easiest  to  obtain. 

The  method  is,  of  course,  baaed  on  the  principle  of  uniformity,  but  the 
generalised  natv-re  of  the  measure  of  uniformiiy  actually  required  is  worthy 
of  attention.  The  claim  is  restricted  to  the  associatio'n  of  atmospherie 
water  and  of  rock  over  a  surface  of  land  approximately  equal  to  the 
present  rainy  area  of  the  globe,  the  climatic  conditions  doubtless  differing 
in  each  geographical  region  from  age  to  age,  but  on  the  whole  preserving 
an  approximate  uniformity  in  denudative  effect,  as  measured,  say,  by  the 
solvent  denudative  work  accomplished  per  million  of  years. 
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How  far  will  this  measure  of  uniformity  be  conceded  1  WJtetAer 
crystalline  or  tedimentary  rocks  prevail  does  not  appear  seriously  involved 
in  the  long  run,  for  we  find  soila  derived  from  the  latter  actually  ezpoeing 
larger  amounts  of  alkaline  silicates  :'  the  higher  resistance  to  disintegra- 
tion offered  by  the  crystalline  rocka  often  confetring  upon  their  soils  the 
rdle  of  an  exhauBted  and  protective  covering.  Again,  it  is  only  within 
fairly  wide  limits  a  queition  of  climate,  for  the  rate  of  solution  of  the 
silicatea  is  bo  slow  that  the  amount  of  the  solvent  present  is  of  less  import- 
ance than  its  persistent  operation  even  in  minute  quantities.  The  rate  of 
solution  would  certainly  not  increase  proportionately  to  the  amount  of  the 
solvent,  a  very  wet  climate  being  very  possibly,  even  probably,  less 
effective  than  a  warm  and  damp  cliipate  more  rarely  visited  by  rains. 

As  regards  the  rainy  area  exposed  to  siihaerial  denudation  during  past 
geological  periods,  considerable  latitude  with  respect  to  the  effects  of  up- 
heaval or  depression  is  suggested  by  the  fact  that  the  supply  of  water 
evaporated  by  the  ocean  is  to-day  insufficieot  to  ensure  drainage  from 
more  than  four-fifths  the  total  land  area.  If  to-day  10  per  cent,  of 
the  land  subsided  beneath  the  ocean,  probably  but  a  small  change  in  the 
river  discharge  of  dissolved  matter  would  result.  The  disappearance  of 
this  10  per  cent,  of  the  land  would  increase  the  oceanic  area  but  4  per 
cent.,  and  the  '  rainless  '  areas  of  the  continents  would  diminish  to  one* 
tenth  the  total  land  surface.  In  short,  the  rainy  margins  would — 
roughly  q>eaking— move  inwards.  In  the  opposite  case,  that  of  upheaval, 
the  rainy  margin  will  move  outwards.  Thus  the  deposition  or  upheaval 
of  our  greatest  sedimentary  masses  was  not  necessarily  accompanied  by 
any  notable  variation  in  the  supply  of  dissolved  matter  to  the  sea. 

Tn  short,  it  would  appear  that  changes  of  a  quite  abnormal  or  cata- 
stTvpliic  nature  must  be  looked  for  to  seriously  affect  the  average  rate  of 
the  operations  at  work.  I  must  refer  to  the  evidence  for  and  against  such 
effeots. 

As  regards  hydrothermal  actions,  due  to  lingering  heat  in  the  primitive 
oceans,  on  Lord  Kelvin's  figures  for  the  rate  of  cooling  this  action  must  be 
negligible.  If  his  figures  were  multiplied  even  tenfold,  the  error  could 
hardly  at  most  amount  to  1  per  cent.  I  may  also  now  refer  to  the 
objection  urged  by  Professor  Sollas,  that  underground  temperature  may  for 
long -have  given  rise  to  a  geyser-like  action  of  springs  which  would  have 
enriched  the  sodium  supply  of  the  early  rivers.  If  of  a  serious  character 
this  objection  should  be  supported  by  more  evidence  of  such  solvent  actions 
than  our  most  ancient  sediments  reveal.  Thus  it  is  remarkable  that  so  far 
from  the  earliest  sediments  or  their  probable  metamorphosed  remains 
being  the  most  washed-out  of  the  rocks  they  are  often  those  possessing  the 
largest  percentages  of  alkalies.  The  oldest  Cambrian  and  Silurian  sedi- 
ments and  gneissic  rocks  of  archnan  age  and  probable  sedimentary  origin 
show  percentages  of  alkalies  almost  comparable  to  those  of  the  mean 
igneous  earth-crust  and  exceeding  the  average  of  later  sediments  and  of 
sediments  at  present  being  deposited.  I  therefore  cannot  think  that  any 
exceptional  solvent  actions  applied  to  these  sediments  when  being  deposited 
or  when  buried  or  subsequently  when  uplifted  and  exposed  to  atmo- 
spheric denudation  can  be  generally  assumed.  Geyser  actions  or  circula- 
tion of  underground  waters  among  unfaulted  primitive  igneous  rocks,  on 
the  other  hand,  would  arise  only  under  exceptional  conditions.  And, 
(^in,  we  may  ask,  where  in  the  earlier  igneous  rock-mnsscs  have  wo 
evidence  of  exceptional  geyser-like  actions  1 
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I  ma;  point  out  here  that  Daubr^'s  ezperimentE  by  no  meomi  support 
the  view  that  crystalliDe  rocks  are  rapidly  attacked  by  superheated  water, 
but  rather  demonstrate  the  contrary.  At  a  pressure  which  Daubr^  esti- 
mated at  more  than  1,000  atmospheres,  and  at  a  red  heat,  water  failed  to 
appreciably  attack,  after  jnany  weeks,  Banidine,  oligoclase,  pyroxene,  or 
potash  mica.  The  contrary  is  generally  inferred  from  the  general  atten- 
tion which  hits  been  paid  to  bis  experiments  oa  glass  aJid  obsidian.  The 
early  igneous  rock  crust  from  the  general  prevalence  of  conditions  of  slow 
cooling  would  almost  certainly  have  been  highly  crystalline. 

The  notion  that  Kxceplioual  mltonUiii  prevailed  in  the  earliest  times 
appears  unproved.  The  traps  and  dykes  of  archiean  rocks  are  not  always 
evidence  of  subscrial  outbursts — the  Lewisiivn  and  Torridonian  rocks  of 
Scotland  may  be  quoted  as  examples,  where,  although  there  is  much  injec- 
tion of  igneous  matter,  there  is  no  evidence  of  corresponding  volcanic  action. 
And,  again,  it  may  be  well  questioned,  granting  even  escessive  volcanic 
action,  how  far  it  would  affect  the  methodical  supply  to  the  ocean  of  dis- 
solved alkalies  by  the  rivers. 

Early  tides  of  gigantic  height  have  been  rather  discredited.  Any  one 
reading  Professor  G.  Darwin's  delightful  book  on  '  Tides  '  will  be  struck 
with  the  caution  and  moderation  of  the  writer.  Ho  maintains  'the  pos- 
sibility that  a  considerable  part  of  the  changes  due  to  tidal  friction  may 
have  occurred  within  geological  liistory,'  yet  thinks  it  '  probable  tliat  the 
greater  part  of  the  changes  due  to  tidal  fnction  must  be  referred  back  to 
pre -geological  times  when  the  planet  was  partially  or  entirely  molten.'' 
This  involves,  of  course,  that  the  epoch  of  most  vioicut  activity  prevailed 
in  pre-geological  times  before  the  work  of  denudation  had  b^un.  And 
here,  again,  even  admitting  higher  tides,  it  may  be  seriously  asked  on 
what  grounds  we  assume  such  higher  tides  to  effect  solvent  denudation 
positively  rather  than  negatively.  If  the  tides  of  to-day  rose  so  as  to 
encroach  five  miles  further  on  the  coasts,  would  the  loss  of  soil  area  re- 
sulting compensate  for  the  gain  of  bare  superficial  rock  swept  by  the  sea  % 
Asoilbut  lOcms.  deep  may  expose  an  area  50,000  times  its  superficial  area 
to  the  solvent  actions  of  hygroscopic  water  and  rain,  COj,  organic  acids,  &c. 
Professor  Perry,  writing  in  'Nature,'  has  suggested  the  possibility  of 
diminished  sitn-fieat  at  a  period  as  recent  as  some  50  x  10*  years  ago.  Bat 
so  far  as  I  know.  Professor  Perry  has  not  gone  further  than  to  suggest 
the  possibility  of  this  external  interference  with  the  orderly  snccessioa  of 
events  in  the  earth. 

But  finally  in  regard  to  all  these  surmises,  interesting  and  valuable  as 
they  undoubtedlyare.canldobetter  thantorefertoSir  A.  Geikie'sreading 
of  rock-testiinony  on  this  point  1  Sir  A.  Geikie  seeks  one  hundred  million 
years  as  sufficient  for  the  sedimentary  history  of  the  earth.  His  words  are 
recent — dating  from  his  address  to  tlie  Geological  Section  last  year.  Tlie 
evidence  of  the  sedinientai^  rocks,  he  affirms,  shows  no  more  stupendous 
mountain  upheavals,  volcanic  eruptions,  or  greater  vioience  in  the  sur- 
rounding envelopes  of  atmosphere  and  ocean  than  occurred  in  more  recent 
periods  or  than  we  are  acquainted  with  to-day.  '  Even  in  the  most 
ancient  of  the  sedimentary  registers  of  the  world's  history  not  only  Ls 
there  no  eridenco  of  colossal  floods,  tides,  and  denudation,  but  there  is 
incontestable  proof  of  continuous  orderly  deposition  such  as  may  be 
witnessed  to-«^y  ib  any  quarter  of  the  globe.  The  same  tale  with  endless 
additional  detail  is  told  all  through  the  Stratified  formations  down  to  thos« 
which  are  in  course  of  accamulation  at  the  present  do;.' 
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If  now  the  Bodinm- method  affords  a  correct  key  to  the  age  of  the  earth, 
it  remains  to  eriticite  TnetJtodji  yielding  disciyrdant  remits.  And  firet,  as 
regards  the  method  by  rate  of  deposition,  we  find  Sir  A.  Geikie  claiming 
a  period,  as  we  have  seen,  in  perfect  accord  with  that  shown  by  solvent 
denudation.  Professor  Sollas,  however,  considers  the  actual  record  indicates 
a  shorter  period,  I  think,  however,  he  has  very  fully  and  fairly  shown 
that  much  difficulty  attends  the  actual  measurements  as  well  as  the 
application  of  the  measarementa. 

In.  the  first  place  it  may  be  observed  tliat  the  data  have  bees  obtained 
from  an  inadequate  number  of  rivers.  Again,  the  detrital  matter  discharged 
by  rivers  is  most  difficult  to  estimate,  owing  to  the  rapid  variation  of 
transporting  power  with  current- velocity,  and  also  owing  to  the  fact  that 
a  very  large  amount  of  sediinent  is  transported  by  creeping  along  the  river 
bed.  Both  these  facts  render  measurement  so  difficult  that  only  the  most 
painstaking  observations  could  be  relied  on  for  an  approximate  estimate. 
And  suppose  we  possessed  the  required  estimate  of  detrital  material,  how 
are  we  to  dispose  of  it  so  as  to  represent  what  we  may  call  the  average 
mode  of  maximum  deposition  ^  Some  rivers  form  deltas  which  creep  out- 
ward year  by  year.  Here  the  rate  of  deposition  is  evidently  not  balanced 
by  subsidence.  There  is  in  fact  no  one  law  of  deposition,  nor  can  there 
be.  Once  more,  can  we  ever  know  the  total  maximum  thickness  of  the 
sediments  }  It  must  be  that  the  sediments  of  one  period  supply  in  great 
part  those  of  the  next.  Tlie  very  quantity  we  estimate  in  the  rivers  in 
order  to  find  our  denominator  has  been  robbed,  perchance,  from  our 
numerator.  Have  we,  in  fact,  wjien  all  care  is  taken,  measured  the  true 
maximum  thickness,  or  would  sediments  long  ago  remoi'ed  afford  vastly 
greater  maxima  T  Now  obser\'e  the  method  is  exposed,  here  at  its  weakest 
pioint,  mainly  to  errors  of  deficiency  :  and  the  method  in  its  latest  develop- 
ment, in  the  able  hands  of  Professor  Sollas,  afibrds  but  some  twenty-six 
millions  of  years,  and  aiocording  to  Mr.  Wallace  twenty-eight  millions  of 
years. 

There  is  another  method  based  on  hi.ologieal  progress  which  seems 
to  go  to  the  opposite  extreme  and  claims  immense  periods  of  time. 
Lyell  claimed  on  biological  grounds  240  millions  of  years  since  the 
Cambrian  ;  Haughton,  200  millions ;  Darwin  speaks  of  a  pre-Cambrion 
period  as  long  as  the  sum  of  the  subsequent  geological  ages.  Professor 
Sollas  has,  with  justifiable  authority,  dealt  with  this  matter.  And  indeed 
we  may  well  ask  it  the  argument  does  not  assume  an  unwarranted 
proportionality  in  the  rates  of  evolution  throughout  successive  ages. 
Surely  the  organism  of  later  date  inves  something  of  its  stability  to 
heredity  ! 

Can  we  assume  that  when  trial  was  less  likely  to  bo  attended  with 
error,  owing  to  a  less  severe  competition,  specie  and  genera  were  not 
struck  off  more  rapidly  than  later  under  more  restricted  conditions,  and 
when  ages  of  increasing  restraints  had  Impressed  upon  tlie  germ-plasm  a 
more  stereotyped  heredity !  It  appears  difiicult  to  imagine  that  the 
organism  as  we  see  it  to-day  so  willing  to  take  advantage  of  erery  loop- 
hole and  fill  np  every  vacancy  should  have  dropped  its  opportunist 
character  in  early  times  and  failed  to  profit  by  the  more  generous 
environment.  If  this  is  so,  can  wa  accept  with  Huxley  the  period 
required  for  the  development  of  the  horse  as  an  indication  of  the  lengUi 
of  the  history  of  ungulates  %  But  this  argument  has  been  taken  up 
already  by  Mr.  Adam  Sedgwick,  who  has  urged  that  in  the  evolution 


374  BEPOHT— 1900. 

of  heredity  a  reconcUiation  of  the  demands  of  biologuU  and  the  restric- 
tions placed  by  the  physiciat  on  geological  time  may  be  found.  Hia 
address  to  the  Zoological  Section  last  year  wilt  be  fresh  in  the  minds  of 
all,  and  I  need  not  further  press  the  point. 

Turning  to  physical  methods  we  have  Professor  Darwin's  age  0/  tha 
motMi,  suggesting  a  minimum  of  fifty-seven  millions  of  years,  to  which 
Professor  Sollas  has  referred.  Lord  Keivin'g  method,  based  on  the  rate  of 
cooling  of  the  globe  and  the  observed  fall  of  tomperature  in  the  terrestrial 
crust,  depends  for  the  accuracy  of  its  indication  on  data  re^rding  the 
physical  properties  of  the  deeper-lying  materials  of  the  earth  which  we  do 
not  OS  yet  possess.  This  has  been  fully  discussed  lately  by  Professor 
Perry.  The  distinguished  author  of  the  method  has  at  no  time  denied 
the  reotrictions  placed  by  our  present  ignorance  on  the  indications  of  the 
method.  The  effect  is  not  to  deprive  the  method  of  value,  but  to  restrict 
its  present  functions  to  the  delimitation  of  certain  bounds  to  our 
speculations,  which  bounds  may  on  the  minor  estimate  be  taken  as  some 
twenty  millions  of  years,  but  which  may,  according  to  the  density,  specific 
heat,  and  conductivity  of  the  deeper-lying  materials  at  elevated  tempera- 
tures, allow  of  a  much  more  extended  estimate. 

It  must  be  admitted  that  no  one  method  of  approaching  the  delicate 
question  of  the  age  of  the  earth  can  claim  to  hate  reat^ed  that  con- 
sielentior  status  which  we  look  for  in  scientific  results.  So  much  may 
possibly  have  happened  during  the  long  past  vista  which  it  is  hoped  to 
penetrate  that  more  than  a  considerable  degree  of  probability  may  never 
be  attained  by  our  results.  Admitting  this,  I  have  to  appear  perhaps  ia 
the  light  of  an  advocate  when  I  stat«  my  bebef  that  the  method  by  solvent 
denudation  is  not  discredited  by  the  conclusions  arrived  at  by  other 
methods,  in  so  far  as  these  assign  major  or  minor  limits  to  the  age  of  the 
earth,  and  that  none  other  approaches  the  question  so  directly  or  on  such 
easily  obtained  data. 


APPENDIX. 


T/k  (j'edogical  Age  of  the  EarOt. 
[Bead  before  tlic  CongrSs  Q6ol:^que  International,  1000.] 

The  method  of  determining  the  age  of  the  earth  summarised  in  this 
paper  ia  based  on  the  assumption  that  the  ocean  has  retained  substantially 
tite  whole  of  the  sodium  committed  to  it  by  the  solvent  denudation  of 
geological  time,  and  that  the  supply  of  the  element  sodium  by  the  rivers 
has  on  the  whole  been  uniform  in  rate.' 

Hence  we  derive  as  a  numerator  a  number  expressing  the  mass  of 
sodium  at  present  in  the  ocean,  and  a  denominator  expressing  in  the  same 
units  the  amount  of  this  element  annually  discharged  into  the  ocean  by 
the  rivers  of  the  world. 

The  quotient  is  the  geol^cal  age  of  the  earth. 

Corrections  are  applied  to  both  numerator  and  denominator  for  any 
certain  or  very  probable  source  of  error.  These  corrections  are  approxi- 
mate only,  upper  and  lower  limits  of  their  values  being  Bu^;est«d.' 

'  Ko  other  dissolved  subHtance  in  the  oceiui  conforms  to  the  fint  of  these  con- 
ditions. 

'  A  more  amplified  account  of  what  follows  will  be  foand  in  a  pq>eT  \ts  the 
author,  '  An  Estimale  of  the  Geological  Age  of  the  Earth,'  Tram.  Bi^al  i>KftIi« 
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First  Jjiproxijnatitm  to  a  Numerator. 
According  to  Professor  Dittmar,'  if  the  ocean  has  a  total  mass  of 
1-343x10'^  tonnes,  the  sodium  chloride  in  it  amounts  to  36,566  xlC 
tonnes.  However,  on  Professor  Wagner's '  estimate  of  the  area  of  the 
land  surface  of  the  globe  aa  14,456  x  10'  square  kilometres,  and  the  ratio 
of  the  areas  of  water  and  land  as  2-54  :  1,  and  on  Sir  John  Murray's 
estimate  '  of  the  mean  depth  as  3'851  kilometres,  Uie  total  mass  is  more 
correctly  1'468  x  10'^  tonnes.  On  these  data  we  can  readjust  Professor 
I>ittmar's  estimate  of  the  mass  of  NaCl  in  the  ocean,  finding  it  to  be 
39,703  X  10^^  tonnes,  and  from  this  finally  arrive  at  the  result  that  tjie 
mass  of  sodium  in  the  ocean  is  15,611  x  10'°  tonnes. 

First  Approjimation  to  a  Ifenominator, 

On  Sir  John  Murray's  estimate  *  the  river  water  annually  dischat^^ 
int4)  the  ocean  amounts  to  a  volume  of  27,191  cubic  kilometres,  and  from 
his  table  of  the  mean  dissolved  constituents  of  nineteen  rivers — many  of 
them  principal  rivers  of  the  world— we  find  that  a  cubic  kilometre  of 
average  river  water  contains  as  sodium  salts  7753  tonnes  of  Na^SO^,  6534 
tonnes  of  NaNO^,  and  4061  tonnea  of  NaCl.  Calculating  from  these  the 
masses  of  sodium  in  each  case,  and  multiplying  by  the  total  number  of 
cubic  kilometres,  we  arrive  at  15,976x10'  tonnes  as  the  total  mass  of 
sodium  carried  annually  into  the  sea  by  the  rivers. 

The  quotient  is  a  first  approximation  to  the  age  of  the  earth,  and  is 
9T'6  millions  of  years. 

Correction  on  the  Denominator. 

It  is  convenient  to  consider  this  first. 

The  mass  of  sodium  chloride  carried  by  the  rivers  is  in  part  derived 
from  the  ocean  by  means  of  the  atmospheric  transportation  of  this  sub- 
stance from  the  ocean  and  its  precipitation  in  rain  water.  Ten  per  cent, 
is  allowed  as  a  sufficient  deduction  for  this  circulation  of  the  chloride  of 
sodium.  The  allowance  is  thus  restricted  for  the  reason  that  white  near 
the  coasts  a  very  considerable  portion,  and  even  sensibly  the  whole,  of  the 
chloride  of  sodium  may  be  so  derived,  in  inland  areas  the  amounts  of  the 
salt  which  fall  in  rain  become  very  minute.'  It  is  just  in  these  inland 
areas  that  the  chief  riven  of  the  world  derive  their  supplies. 

Applying  this  correction  to  the  NaCl  of  the  rivers,  the  corrected  river 
discharge  of  sodium  is  left  at  15^542  x  10'  tonnes. 

Correclions  mi  the  Numerator. 
(a)  For  the  Originai  State  of  tiis  Ocean. — We  aasnme  that  the  sodium 
as  well  as  most  of  the  metals  was  siticated  in  the  original  crust  of  the 
earth.     The  chlorine,  with  great  probability,  was  gaseous  and  combined 

Society,  vol.  tu.  (aer.  li.),  1899,  p.  23  ft  seq.    See  also  Qeolcgieal  Magazine,  4, 1900, 
vol.  Tit.  et  teq. 

'  'Chalteager'  Report,  PLyiici  and  Clitmittry,  vol.  i. 
Seat'iih  Qeograp^icai  Magazine,  1895,  p.  186.    The  measurements  throughout 
have  been  convertei)  from  the  British  Bystem  of  units. 

•  Lob.  eit.,  1888,  p.  1  et  teq.  *  Zoe.  eit,  1887,  p.  76. 

*  Od  the  west  and  east  coaiM  o[  Scotland  1-19  and  1-26  per  100,000  respectively. 
In  Swiss  valleys  OiiB  to  0-76  per  100,000,  aad  in  Ootacamund,  India,  0-04  pec 
100,000. 


are  report— i9oo. 

with  bydrogen.  The  roEuItiog  acid  we  assume  as  probably  contaiiLed  in 
the  original  atmosphere  aad  hydrosphere.  A  primilive  accelerated 
denudation  can  be  computed  on  the  bacos  of  the  probable  mass  of  chloride 
of  hydrogen  and  the  nature  of  the  lithosphere  exposed  to  attack.  The 
otfects  concern  the  present  method  only  so  far  as  they  result  in  supplying 
sodium  to  the  ocean. 

The  maximum  amount  of  chlorine  availcible  aa  on  acid  basis  may  be 
derived  from  the  chlorine  now  in  the  ocean  less  what  was  supplied  dnriiiK 
geologioal  time  by  solution  of  the  rocks. 

Referring  to  Sir  John  Murray's  table,'  we  deduce  from  the  amounts 
of  chlorides  supplied  annually  by  river  discharge*  (applying  the  deduction 
of  10  per  cent,  before  mentioned  to  the  sodium  chloride)  that  the  rivers 
contribute  annually  75'5  x  10"  tonnes  o£  chlorine.  If  now  our  final  esti- 
mate of  the  earth's  age  is  95  x  10''  years,  the  total  supply  by  denudation 
has  been  7169  x  10  "  tonnes  of  chlorine. 

The  total  mass  of  chlorine  now  in  the  ocean,  calculated  on  Frofesaor 
Dittmar's  table  and  the  more  recent  estimate  of  the  mass  of  the  ooean 
(ante)  less  the  amount  calculated  as  above  as  supplied  by  tiie  rivers  sub- 
sequently, is  21,123  X  10'*  tonnes.^  This  amount  we  assume  free  to  act 
as  a  primeval  dennding  agent. 

According  to  Blr.  F.  W.  Clarke  *  the  older  crust  of  the  earth  contained 
the  following  atomic  percentages,  which  would  be  converted  to  chlorides 
by  a  primeval  denudation  such  as  we  assume  '. — 

PcrTento.ge.  i  PercDnUga. 

AEuminium        .         .        .    8'l:t  '  MBgnenunt  .  •  .    2'C>t 

Iron 471  |  Polasatam  .  .  2'!I5 

Calcium    ....    S-n  \  Sodium     .  .  ;  .    2-68 

Dividing  among  these  the  mass  of  chlorine  already  estimated,  we  find  that 
the  chlorine  taken  up  by  the  sodium  would  be  6-7  per  cent,  of  the  whole. 
This  would  amount  to  1415  x  10'  tonnes,  bringing  916-7  x  10  *  tonnes  of 
eodinm  into  the  primeval  ocean. 

Deducting  this  amount  from  the  moss  of  sodium  now  in  the  ocean 
leaves  14,694  x  10"  tonnes  to  be  accounted  for  by  subsequent  denuda- 
tion. 

Of  the  other  acid-formins  substances  possibly  present  in  the  primeval 
atmosphere  and  ocean,  sulphur  and  carbonic  anhydride  need  alone  be 
referred  to.  The  sulphur  was,  however,  probably  only  free  in  small 
amount,  if  at  all,  being  present  in  the  average  igneous  crust ''  to  the 
extent  of  0*06  per  cent.,  and  being  to-day  supplied  by  denudation  in 
i}uaiitities  more  than  suiticient  to  account  for  all  in  the  ocean.  Con- 
sidering that  subdivision  of  its  effects  among  the  metals  must  also  occur, 
an  allowance  is  not  called  for. 

Carbonic  acid  is  a  relatively  feeble  and  slow  rock  solvent.    Even  if 

■  rA  tit. 

'  Ab  follows  hi  tonnes  per  cubic  kilometre : — 

NaCl 4061 

NH.Cl 231 

LiCl 600 

'  The  chlorides  now  in  the  ocean  are ; — 

"  NaCl       .       .       .    39,703  x  10"  tonne* 
MgOj  S6 12  M  10"  tonnca 

'  Sillflin,  U.B.  Geological  Surve;-,  14",  i'.  i:t.  '  Clarke,  lac.  eit. 
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present  in  the  bibunddnce  thought  by  some,  its  early  effects  were  probably 
compensated  by  the  more  active  effects  of  organic  acids  of  later  times. 
Vegetation,  too,  has  been  a  source  of  carbonic  acid  in  the  soils  during 
Bubaequent  periods.  Tt  may  be  observed  that  the  fixation  of  free  COj  by 
vegetation  so  abundantly  in  the  later  Falieozoic  and  the  increase  in  the 
deposits  of  limestone  rather  point  to  a  gradual  fixation  of  this  substance 
than  to  any  special  activity  as  a  solvent  in  earlier  times.  On  these 
accounts  we  make  no  correction  for  the  possible  presence  of  this  substance 
in  primeval  timea. 

Aock  solution  in  heated  waters  persisted  for  periods  relatively  so  short 

05  to  cause  negligible  error  only.  According  to  Lord  Kelvin's  calculation 
as  to  the  rate  of  cooling  of  the  solidifying  crust,  a  period  of  a  century 
would  have  been  adequate  to  cool  the  crust  from  its  melting-point  down 
to  about  8°  Centigmde  above  what  it  would  bo  without  any  under- 
gronnd  beat.  Hence,  if  the  mean  rate  of  solvent  denudation  was  as 
much  aa  a  thousand  times  what  it  is  to-day,  the  result  would  have  been 
theaccbmplishment  of  100,000  years'  donudationin  the  first  hundred  years. 
If  nuw  wu  even  lengthened  tlic  period  of  this  excessive  denudation,  ten 
times  tbe  correction  would  be  no  more  than  about  1  per  cent. 

(b)  For  Direct  Marine  Denudation. — So  far  as  the  sea  has  directly 
acted  on  the  coasts,  and  on  the  sediments  deposited  in  it,  an  error  is  in- 
troduced calling  for  a  subtractive  correction  on  our  estimate  of  geological 
time ;  in  other  words,  upon  oar  numerator,  which  is  that  part  of  the  sodium 
in  the  ocean  supplied  by  sub-aerial  denudation  only. 

The  total  tide-swept  art^a  of  the  ocean  is  calculated  by  Sir  J.  Murray 
and  Professor  Renard  ('Challenger'  Report)  as  163x10'  square  kilo- 
metres. The '  rainy '  area  of  the  land  is  about  113x10°  square  kilometres. 
The  ratio  of  areas  is  1  :  TOO.  Hence,  the  assumption  of  a  marine  solvent 
denudation  having  an  intensity  twenty  times  that  progressing  over  an 
equal  area  exposed  to  normal  sub-at-rial  denudation  would  involve  a  sub- 
tractive  correction  of  rather  under  3  per  ctnt.  on  geological  time  '  The 
solvent  effects  on  sediments  falling  into  the  nearly,  or  quite,  quiescent 
waters  beyond  this  zone  are  assumed  to  be  small  on  the  grounds  of  the 
rapid  flocculation  and  consolidation  of  marine  sediments,  as  well  as  from 
the  fact  that  the  very  minute  mineral  particles  of  oceanic  sediments  show 
little  of  such  effects  as  would  arise  under  conditions  of  sub-aerial  denuda- 
tion. They  preserve,  in  fact,  their  soda  in  substantial  excess  of  their 
potash,  liiere  is  in  marine  sediments  generally  almost  complete  absence 
of  the  more  active  acid  and  oxidising  effects  progressing  in  the  soils.  Nor 
will  the  state  of  consolidation  of  marine  sediments  allow  us  to  assume 
anything  like  the  enonnoua  surface  area,  as  much  as  000  square  metres 
per  litre,  exposed  witliin  the  soils. 

On  tjiese  grounds  it  is  aisumed  that  the  correction  should  not  exceed 

6  per  cent.,  nor  be  less  than  3  per  cect. 

Our  numerator  was  left  at  14,694  x  lO'''  tonnes,  and  our  denominator 
at  15,542  X 10*  tonnes.     The  resulting  age  of  the  earth  would  be  94  x  10" 

{'ears.  A  Bubtractivo  correction  of  4  per  cent,  for  marine  denudation 
eaves  the  geological  age  at  90x10°  yean.  Future  extension  of  our 
knowledge  on  the  many  points  raised  will,  however,  modify  this  number. 
Thus,  according  to  Professor  De  Lapparent'fi  ^  more  recent  estimation  of 
'  See  abstract  of  a  paper  read  by  tbe  aathoi  before  Section  C,  '  Some  Bxpori- 
menta  on  Denudation  in  ¥imh  and  Salt  Water.' 

'  Traife  de  6(-ologie,  tome  i.  p.  60.  /  -  i 
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the  rolume  of  the  ocean,  its  mnss  is  1-539  x  10*"  tonceK.    This  would  raise 
our  result  hy  nearly  6  per  cent. 

We  sum  up  the  results  of  our  inquiry,  then,  in  the  statement  that  the 
probable  age  of  the  earth,  estimated  from  solvent  denudation,  is  between 
ninety  and  one  hundred  millions  of  years. 

Sock-salt  Deposits  from  the  Ocean  negligible. 

The  amount  of  chloride  of  sodium  in  the  ocean  is  sufficient  to  cover 
the  entire  land  area  with  a  layer  of  solid  salt  122  metres  deep.  Compared 
with  so  great  a  mass  the  rock-salt  deposits  on  the  land  are  n^ligible. 
They  are,  moreover,  only  in  part  derived  from  the  ocean,  the  circumstances 
leading  to  abstraction  of  salt  from  the  ocean  and  its  retention  upon  the 
land  being  exceptional.  Likeness  in  chemical  composition  is  no  proof 
that  bedded  salts  were  derived  from  the  ocean.  Thus  the  proportions  of 
salts  in  the  Great  Salt  Lake  are  much  the  same  as  in  the  sea.' 

So  far  as  these  deposits  are  derived  from  the  denudation  of  '  rainless ' 
regions,  and  are  being  gradually  conveyed  by  rivers  to  the  ocean,  they 
constitute  part  of  the  normal  supply  of  sodium  to  the  sea. 

Uniformitij  of  stih-airiai  Denudation. 

The  uniformitarianism  involved  in  the  present  mode  of  calculating  the 
age  of  the  earth  is  broadly  restricted  to  the  approximate  persistence 
throughout  the  past  of  the  present  sub-aerial  association  of  water  and 
rock. 

The  rate  of  solution  of  the  rock-forming  silicates  is  so  alow  that  the 
abundance  of  the  solvent  or  its  rate  of  renewal  is  a  relatively  unimportant 
factor  compared  with  the  surface  area  exposed.  Thus  within  certain 
limits  climate  will  not  seriously  affect  the  question. 

The  existence  of  a  rainless  area,  amounting  to  one-fifth  the  land 
surface,  subject  to  extreme  conditions  of  dryness  secures  that  subsidence 
or  elevation  of  land  does  not  necessarily  involve  corresponding  changes  in 
the  area  of  active  solvent  denudation.  In  the  first  case  the  more  active 
margin  moves  inwards,  in  the  second  case  it  moves  outwards. 

The  argument  that  the  surface  materials  of  the  land  areas  must  have 
been  growing  poorer  in  alkalies  throughout  geological  time  is  met  by  the 
fact  of  the  less  resistent  nature  of  sedimentary  rocks,  involving  soils  richer 
in  soluble  constituents.  These  nre,  in  fact,  more  rupidly  formed  and 
removed.  Observation  shows  that  on  comparing  soils  from  the  most 
diverse  kinds  of  rocks  the  rapidly  concentrated  soils  of  limestones,  or 
those  derived  from  sandstones,  very  generally  exceed  in  percentage  of 
alkalies  soils  derived  from  igneous  rocks.  ^  It  is  within  the  soils  that  the 
chief  work  of  solvent  denudation  is  accomplished. 

Confirmation  in  the  Soda-content  of  the  Igneous  and  Sedimentary  Sodu. 
We  assume  in  our  present  argument  necessarily  that  the  sedimentary 
rocks  were  derived  from  the  igneous  in  the  process  of  denudation,  a  certain 
loss,  representing  matter  gone  into  solution,  occurring.  Taking  this  loss 
into  account,  we  may  recover  from  the  estimated  mass  of  the  sUiceous 
detrital  sedimentanes  on  the  earth's  surface  the  approximate  total  mass 
of  the  parent  igneous  rock.     This  represents  a  certain  mass  of  soda 

1  Xature,  December  28,  1SB9,  p.  204. 

'  E.  G.  Menill,  Saola,  Sock-weathering,  and  SoiU  (UacmilUa),  1867,  pp.  306, 
30G,  SSB,  and  359. 
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(dflducible  from  our  knowledge  of  the  mean  igneous  rock-cruat)  which  is 
to  be  accoimted  for  between  what  ia  now  represented  in  the  ocean  by  the 
chlorides  and  what  remains  over  in  the  detrital  sedimentaries.  Upon 
making  the  calculations,  we  find  that  the  sum  of  the  soda  in  the  ocean 
and  in  the  aedimentariea  would  nearly  suffice  to  effect  the  full  restoration 
of  this  constituent  to  the  original  rock.     There  is  not  quite  enough. 

The  bulk  of  the  siliceous  sedimentaries  is  assumed  to  be  represented 
by  a  layer  1-77  kilometres  deep  spread  o»er  the  land  area.  This  on  a 
specific  gravity  of  2-5  affords  a  mass  of  64  x  10'*  tonnes,  which  we  assume 
to  be  67  per  cent,  of  the  mass  of  the  parent  rock.^  Hence  the  parent  rock 
possessed  a  mass  of  95'5xl0'^  tonnes.  We  restore  to  ttus  the  soda 
equivalent  of  the  sodium  now  in  the  ocean,  21'0  x  10"  tonnes.  The 
mean  soda-content  of  these  sedimentaries  determined  on  the  analyses  of 
over  one  hundred  typical  siliceous  sedimentary  rocks  given  in  Professor 
H.  Bosenbusch's  Elsmente  der  GegUinsldire  (Stuttgart,  1890)  is  found  to 
be  1-47  per  cent  This  affords  9-4xlO">  tonnes  in  the  layer  l'77kik>- 
metres  thick.  ^Restoring  this  also,  the  parent  mass  of  igneous  rock  is 
found  to  have  possessed  3'20  per  cent,  of  Na^O.  According  to  Mr. 
F.  W-  Clarke  (loo.  eit.),  the  mean  igneous  rock  contains  3*61  per  cent,  of 
soda. 

This  approximate  agreement  between  the  amount  of  sodium  in  the 
ocean  and  that  missing  from  the  sedimentary  rocks  is  a  confirmation  of 
the  validity  of  the  present  mode  of  deducing  the  age  of  the  earth.  It  is 
directly  opposed  to  the  assumption  of  an  ocean  primevally  charged  with 
sodium  salts.  The  negation  is  the  more  emphatic,  seeing  that  the  loss 
revealed  by  the  sedimentary  rocks  of  geological  time  appears  to  be 
more  than  sufficient  to  account  for  what  sodium  is  to-day  in  the  sea. 


PlunMon.  and  Physical  CondUimis  of  the  ISnijiish  ClutHml. — Second 
,Ueport  of  the  Commiltee,  consisiiiuj  of  Professor  E.  Hay  LasKESTEk 
{Ckairmaii),  Professor  W.  A.  Herdma.\,  Mr.  H.  N.  DiCKSOS,  awl 
Ml .  W.  GarSTANG  {Secrreiarij),  appointed  to  mtthe  Veriodic  Invesii- 
(lations  of  the  I'lanktoit  and  Fhydcal  Conditioan  of  the  English 
'Cltanml  duriwj  1899. 

TilE  series  of  periodic  surveys  for  which  provision  was  made  at  the  Bristol 
and  Dover  Meetings  baa  been  completed  by  Mr.  Garstftug,  under  the  same 
conditions  as  were  described  m  the  First  Report  of  the  Committee.  Since 
the  Dover  Meeting  two  surveys  were  carried  out,  viz.,  iit  November  1899, 
and  in  tie  first  week  of  March  1900,  thus  making  five  quarterly  surveys 
altogether. 

It  has  been  found  impossible  to  finish  the  examination  of  the  large 
quantity  of  material  collected  in  time  for  report  at  the  Bradford  Meeting. 
The  Committee  therefore  desire  to  be  reappointed  (without  a  grant)  in 
order  that  they  may  present  their  final  report  at  the  Glasgow  Meeting. 


'  Merrill,  Ipe,  cit.  pp.  209-23E. 
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Ojcupalion  of  a  Tohle  at  the  Zoological  Slatloii  at  Xaple*. — Seport  of 
tlie  VominUlee, cotisiaiiii'j  ©^Professor  W.  A.  Herdman  (Ckairmaii). 
Professor  E.  Itiv  Lankestek,  Professor  W.  F.  R.  Weldox, 
Profe3sor  S.  J.  HiCKSOX,  Mr.  A.  Sedgwick,  Professor  W.  0. 
ItclNTOSH,  a>id  Professor  G.  B.  HowES  (Sccretari/).  • 


a.   The  Anatemij   ef  the  Flatjitb'-ii  (llcici-osoiiiata).      Bi/  H.  M.  Kyle, 

M,A.,  B.Sc 383 

h.  Thf  Sir iiciure  of  Certain  Polyok^ten'ornis.    fiy  E.S.  Goodeich,  M.A.    38* 

c.  Obiervatieiu  on  CompvuHd  Atcidtant.     Jlj/  J^ofesaot  W.  A.  Ubbd- 

MAN,  D-So.,  f-B-S 384 

d.  The  Anatomg  of  PhyiUrRoe,  the  CaUnterate  Plaiikton,  and  certain. 

CaletUerata.     Bg  it.  T.  QC.itubb,  M.A 388 

c.  The    yerCiUiatieti   Procett    in   Eahiiundea.     Bij  A.    H.    Rbqinald 

BULLEB,  Ph.D 387 

/.  The   Methofh  of   Pretervatiim   of  Spteitaeai  med  at   tha  Zaoltijieal 

Station.    By  Processor  K.  Bamsay  Wbioht 33S 

HI,  Litt  ••/  Kiiliiralittt   vho  hare   woried   at    the   Zmlogleal   StiUiiia  from 

JhIji  1,  ISSO,  to  June  ;10.  1000 383 

IV,  Litt  (if  Papm jiiihlUkeil  in  18'jn  by  XalHrolUtt  leha  kavcoceiijiicd  Tablet 

ill  the  Xoeioffieal  Station 390 

.V.  Lint  of  thr  PHblicatiuiu  of  the  Zoalogieal  Stal'ioii  ilxriiij  the  Year  ending 

June  30,  1900  ....  .         .  .        .  Hits 

Os  entering  upon  the  year's  occupimcy  of  the  Naples  Table  the  advis- 
ability suggested  itself  of  sending  a  circular  letter  to  teAchers  and  others 
likely  to  recommend  -ft-orkers  ;  and  as  the  result  a  greater  number  of 
applications  were  received  than  it  was  possible  to  grant.  Among  those 
which  were  entertained  no  fewer  than  three  ultimately  overlapped  during 
spring,  and  the  best  thanks  of  the  Committee  are  hereby  tendered  to  Dr. 
i3ohrn  for  his  magnanimity,  exceeding  all  precedent,  in  having  arranged 
for  the  accommodation  of  all  workers  recommended,  this  notwithstanding. 
The  indebtedness  of  the  Committee  is  further  increased  by  his  having,  on 
their  behalf,  granted  Professor  Ramsay  Wright,  of  the  University  of 
Toronto,  permission  to  spend  the  leisure  of  two  months'  residence  in  K"^les 
in  ike  study  of  the  niethoda  of  capture  and  preservation  in  vogue  in  tlic 
bay,  with  a.  \iew  to  their  application  at  tjio  New  Canadian  Marine 
Station,  the  project  for  wliicb  received  the  support  of  the  Jiritisli  Asso- 
ciation. And  tjais  lias  tieen  further  increased  by  bis  having  allowed  Miss 
A.  Viokers  to  collect  seaweeds  between  October  and  January,  on  the 
recommendation  of  the  Committee. 

The  list  of  British  workers  at  the  Naples  Station  which  aocompanies 
this  Report  exceeds,  as  regards  numbers,  all  previous  records,  while  that 
of  naturalists  of  other  countries  reaches  for  Uie  year  seventy-four  in  all, 
brinfpng  the  total  of  those  who  have  profited  by  the  resources  of  the 
establit£ment  since  1873-74,  when  Professor  Waldeyer  and  the  late 
Francis  Maitland  Balfour  b^an  work  there,  to  nearly  1,300  persons. 

The  recent  addition  to  the  laboratory  of  a  filter,  by  which  balf  the 
sen-water   in   circulation  in   the  tanks   is   filtered  and  separated  front 
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the  rest,  has  materially  iQcreased  the  facilities  for  aKperimental  vorfa 
HOT  greatly  in  vogue  ;  and  the  fishing  capacity  is  now  sufficient  to  provide 
from  fifty  to  sixty  workers  at  a  time  with  all  requisite  materia).  In  every 
department  of  the  establishment,  laboratory  and  library  alike,  thorough 
efficiency  ami  complete  success  have  to  be  recorded. 

Your  Committee  hereby  apply  for  a  renewal  of  the  grant  of  100?.  to 
enable  Mr.  H.  H.  Stewart,  M.A.,  to  work  at  the  Annelida,  and  to  aid  him 
and  other  competent  researchers  whom  it  is  hoped  to  secure  to  study  these 
and  other  organisms  they  may  desire  to  investigate. 

Appended  to  the  Report  is  a  not«  by  the  Chairman  of  the  Committee 
d  propog  of  a  visit  to  the  Station  and  his  own  Eeport  on  the  Occupancy 
of  the  Table. 


APPENDIX  I. 
Note  by  the  Chairman  of  the  British  Association  Commiitee. 

As  it  is  about  ten  years  since  u  Chairman  of  this  Committee  visited 
the  Naples  Zoological  Station,  aud  reported  on  the  condition  of  the  insti- 
tution,' it  may  serve  a  useful  purpose  to  draw  attention  here  to  the  facili- 
ties for  work  at  this  world -renowned  laboratory,  and  to  the  additions  and 
improvements  elTected  during  the  last  decade.  I  am  indebted  to  Dr. 
D<^rn,  the  Director,  and  to  the  Secretary,  Mr.  Linden,  for  much  informa- 
tion given  me  during  my  recent  visit. 

Since  Dr.  Sclater's  visit  in  1890  additional  occommodatjon  has  1>een 
obtained  by  a  re-arrangement  of  the  roof  of  the  main  building.  This 
gives  space  for  a  second  laboratory,  a  supplementary  library,  and  various 
smaller  rooms  used  oa  chemical  and  physiological  laboratories,  for  photo- 
graphy and  bacteriology.  A  good  deal  of  the  research  in  recent  year^ 
both  on  the  part  of  those  occupying  tables  and  of  the  permanent  staff, 
has  been  in  the  direction  of  comparative  physiology,  experimental  embryo- 
logT)  *°<1  *he  bacteriology  of  sea-water,  and  all  necessary  facilities  for 
such  work  are  now  provided. 

The  number  of  work-places,  in  some  cases  separate  rooms,  known 
technically  as  '  tables,'  is  about  fifty-five,  and  of  these  about  thirty-four 
are  rented  annually  by  States,  Universities,  or  Associations.  Germany 
takes  about  ten  of  these,  and  Italy  seven.  There  are  three  American 
tables,  and  three  English  (rented  by  the  Universities  of  Cambridge  and 
Oxford  and  the  British  Association  respectively)  ;  consequently  the[«  are 
generally  about  half  a  dozen  English  and  American  biologists  at  work  in 
the  station  ;  but  Dr.  Dohm  interprets  in  a  most  liberal  spirit  the  rules  as 
to  the  occupancy  of  a  table,  and,  as  a  matter  of  fact,  during  my  recent 
visit  there  were,  for  a  short  time,  no  less  than  three  of  us  occupying 
simultaneously  the  British  Association  'table,' and  provided  with  separate 
rooms. 

A  work-table  is  really  a  small  laboratory  fitted  up  with  all  that 
is  necessary  for  ordinary  biological  research,  and  additional  apparatus  and 
reagents-  con  be  obtained  as  required.  The  investigator  is  supposed  to 
bring  his  own  microscope  and  dissecting  instruments,  but  is  supplied  with 
alcohol,  acids,  stains,  and  other  chemicals,  glass  dishes,  and  bottles  of 
various  kinds    and   sizes,    drawing  materials,   and   mounting  reagents, 


'  Kature,  Febraaij  1891,  p.  8B3,  ^ 
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Requisition  forms  are  pUced  beside  the  worker  on  which  to  notify  hi« 
wishes  in  regard  to  material  or  reagents,  he  is  visited  at  frequent  inter- 
pals  by  members  of  the  staff,  and  all  wants  are  supplied  in  the  most  perfect 


The  Staff  of  the  station  consists  of  : — 

1.  Dr.  Anton  Dohm,  the  founder  and  director. 

2.  Seven  scientific  assistants^ viz.  Dr.  Eisig,  Administrator  of  the 
Laboratories ;  Dr.  Paul  Mayer,  Editor  of  the  Publications  ;  Dr.  Gies- 
brecht,  assistant  editor  and  supervisor  of  plates ;  Dr.  Gast,  assistant 
editor  and  supervisor  of  microscopic  drawings  ;  Dr.  Schiibel,  Librarian  ; 
Dr.  Lo  Bianco,  administrator  of  fisheries  and  pr^parateur  ;  Dr.  Hollands, 
temporarily  in  charge  of  the  microscopic  sections  department— all  of  them 
well-known  men,  each  eminent  in  his  own  line  of  investigation.  The 
post  of  assistant  in  the  Physiological  Department,  formerly  held  by  the 
liite  Dr.  Schoenlein,  is  now  vacant ;  and  in  addition  to  the  foregoing 
there  are  : — Secretary,  Mr.  Linden  ;  two  painters,  and  the  engineer  ; 
with  attendants,  collectors,  and  others  employed  in  the  laboratories,  in 
the  collecting  and  preserving  departments,  Aquarium,  and  elsewhere. 

This  seems  at  the  first  thought  a  very  large  staff,  but  the  activities  of 
the  institution  are  most  varied  and  far-reaching,  and  everything  that  is 
undertaken  is  carried  to  a  high  standard  of  perfection.  Whether  it  be  in 
the  exposition  of  living  animals  to  the  pubUc  in  tlie  wonderful  tanks  of 
the  'Acquario,'  in  the  collection  and  preparation  of  choice  specimens  for 
Musenms,  in  the  supply  of  laboratory  material  and  mounted  microscopic 
objects  to  Universities,  in  the  facilities  afforded  for  research,  or  in  the 
educational  influence  and  inspiration  which  all  young  workers  in  the 
laboratory  feel  in  each  and  all  of  these  directions,  the  N'aptes  station  has 
a  world-wide  renown.  And  the  best  proof  of  this  reputation  for  excel- 
lence is  seen  in  the  long  list  of  biologists  from  all  civilised  countries  who 
year  after  year  obtain  material  from  the  station  or  enrol  as  workera  in  the 
laboratory.  Close  ou  1,200  naturalists  have  now,  since  the  opening  of  the 
Zoologic^Stationin  1873,  occupiedwork-tables,  and  as  these  men  have  oome 
from  and  gone  back  to  practically  ail  the  important  laboratories  of  Europe 
and  America,  from  St.  Petersburg  to  Madrid,  and  from  California  to 
Japan,  Naples  may  fairly  claim  to  have  been  for  the  last  quarter-century 
a  great  international  meeting- ground  of  biologists,  and  to  have  exercised 
a  stimulating  and  co-ordinating  influence  upon  biological  research  which 
it  would  be  difficult  to  over-estimate. 

The  opportunities  for  taking  part  in  collecting  expeditions  at  sea  are 
most  valuable  to  the  young  naturalist.  Dredging,  plankton- collection, 
and  fishing  are  carried  on  daily  in  the  Bay  of  Naples  by  means  of  the  two 
little  steamers  belonging  to  the  station,  and  a  flotilla  of  fishing  and  other 
smaller  boats.  Many  of  the  Neapolitan  fishermen  are  more  or  leas  in  the 
employ  of  the  station,  or  bring  in  such  specimens  as  they  find  in  their 

But  although  the  work  of  the  Naples  Zoolc^cal  Station  is  thus  many- 
sided,  the  leading  idea  is  certainly  original  research.  An  investigator 
goes  to  Naples  to  make  some  particular  discovery,  and  he  goes  thither 
because  he  knows  he  will  find  material,  facilities,  and  environment  such 
as  exist  nowhere  else  in  the  same  favourable  combination.  The  British 
Association  Committee  consider  it  most  important  that  these  opportunities 
for  research  should  be  open  to  British  biologists  in  the  future  as  they  have 
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been  in  the  past,  and  it  is  on  this  ground  that  they  confidently  recom- 
mend the  policy  of  sending  selected  inrestigators  to  Naples  each  year — 
a  practice  which  has  led  to  such  satisfactory  results  in  the  past  and  is  full 
of  promise  for  the  future. 


APPENDIX  II. 

Reports  on  the  Occdpatios  of  the  Table. 

Report  on  the  Occupation  of  the  Jiritish  Asgociation  Table  at  NapUt, 
Jram  October  to  December  1899-1900. 

a.  The  Anatomy  of  the  Flaljithea  {Beteroeomata).     By  H.  M.  Ktle,  M.A.,  B.Sc. 

During  the  period,  from  October  to  the  third  week  in  December,  1 899, 
wbea  I  had  the  privilege  of  occupying  the  British  Association  Table  at 
Naples,  the  special  research  which  engaged  my  attention  was  the  Anatomy 
of  the  Flatfishes  (Seterosomata).  The  species  examined  there  were  the 
following  ;— 

Citharua  linguatula,  L  '  Solea  latearia,  Risso. 

Rhomboidiehthys  vtancue,  Risso.  I  (Solea  Kleinii), 

Amoglomia  Grohmanni,  Bon.  |  Solea  ocellata,  L 

Amogloama  latema,  Walb.  .  Microchinis  variegata,  Don. 

LepidorhomhuB  Soscii,  Gtr.  '  Mioroehirua  minuta,  Pam. 

ScopkUialmua  wnimaculalve,  Risso.  I  MonocMrus  hUpida,  Cob. 

Rhombus  maaHmus,  KL  Amnwpleuropt  lacteaa,  Gtr. 

Solea  vulgaris,  Quens.  ! 

In  addition  to  the  above,  through  the  court«sy  of  the  Naples  staff, 
I  was  able  to  examine  several  species  of  other  families  of  the  Teleosts,  as 
well  as  the  eggs,  larve,  and  young  of  fishes  to  be  found  at  that  season. 

The  main  conclusions  arrived  at  have  been  embodied  in  a  paper 
entitled  :  '  On  the  Classification  of  the  Flatfishes  (Seteroaomata),'  which 
if  in  process  of  publication  in  the  Scottish  Fishery  Board's  Report  for 
1899.  In  this  paper  it  is  shown  that  Citharua  linguatula,  a  species  very 
common  in  the  Mediterranean,  is  a  transitional  form  between  the  Halibut 
and  Turbot  groups  of  Flatfishes.  The  characters  employed  as  tests  of 
relationship  are  chiefly  the  position  and  structure  of  the  ventral  or 
pelvic  fins,  the  position  and  structure  of  the  olfactory  organs,  and  the 
position  of  the  eyes.  Further,  although  Citharua  is  the  only  form  in 
European  waters  which  marks  the  transition  between  these  two  main 
groups,  the  American  fauna  possesses  many  similar  forms,  and  the 
classification  has  therefore  been  altered  in  order  to  inciade  these  within 
one  group  or  subfamily.  It  is  also  shown  how  the  various  subfamilies  of 
the  Flatfishes  are  restricted  to  fairly  well-marked  zones  of  distribution. 

In  conclusioo,  I  wish  to  offer  my  best  thanks  to  the  Committee  of  the 
British  Association  for  the  opportunity  granted  me  of  pursuing  my  studies 
at  Naples,  and  also  to  the  authorities  of  the  station  for  their  kindness 
and  courtesy. 


n,gti7cdT:G00glc 


Eeporl  on  llie  Occupation  of  the  Table  in  tlte  Zoological  Slalior, 
at  NapU»,  during  part  of  December  1900. 


During  a  short  visit  to  Naples  last  winter,  I  occupied  tho  Table  of  the 
British  ABsocintion  nt  the  Zoological  station.  I  have  to  thank  the 
Committee  for  this  opportunity  of  continuing  my  researches  on  the 
structure  of  Polychiete  worms. 

My  observations  were  restricted  almost  entirely  to  the  study  of  lining 
specimens  of  Ahiopidn,  I'/ii/Uododdn,  Polygordhm,  and  Saccocimm.  A 
considerable  amount  of  mnlerial  was  also  preserved  for  future  use. 

The  nephridia  of  the  Alciopids  were  found  to  closely  resemble  those 
of  the  Phyllodocids,  having  no  internal  coelomic  opening,  and  being  pro- 
vided with  bunches  of  flagellated  cells,  the  solenocytes.  The  genital 
products  are  carried  to  the  exterior  by  ciliated  genital  funnels,  which  at 
maturity  open  into  the  nephridiol  ducts.  A  detailed  description  of  these 
organs  is  about  to  be  published  in  the  'Quart.  Journ.  of  Micr.  Science.' 

Some  details  were  also  added  to  our  knowledge  of  the  nephridia  of 
Polygordiua  ;  and  the  structure  of  the  int«re£tiDg,  hut  little  known, 
Saccoeiri-vi  was  carefully  investigated.  The  results  of  this  study,  which 
is  not  yet  completed,  will,  I  hope,  shortly  be  ready  for  publication. 

Bejwi-t  on  the  Oeeupalion  of  the  British  Aisoeialion  Table 
at  Naples  during  March  and  April  1900. 

t.  Obiercaliems  on  Compound  Atctdiani.     Sy  W.  A.  Bbbsiiaii,  D.Sc.,  F.R.S. 

I  occupied  the  British  Association  Table  for  a  little  over  three  weeks 
in  March  and  April,  1900,  with  the  object  of  examining  in  the  living 
condition  certain  Mediterranean  Compound  Ascidiana.  Probably  the 
first  thought  that  occurs  to  any  one  who  has  worked  at  the  Naples 
Zoological  Station,  on  recalling  the  time  he  spent  at  that  celebrated 
laboratory,  is  one  of  gratitude  to  Dr.  Dohm  and  his  excellent  assistaatB 
for  their  personal  kindness  and  help,  and  of  admiration  for  their  highly 
efficient  admiaistration.  I  feel  that  if  other  workers  desire  to  express 
their  gratitude,  I  especially  should  do  so,  for  it  is  probable  that  I  gave 
unusual  trouble  at  a  busy  period,  and  it  seemed  to  me  that  I  was  treated 
with  exceptional  kindness.  In  addition  to  Dr.  Dohm,  I  desire  to  thank 
especially  Dr.  Eisig  and  Dr.  Lo  Bianco.  With  the  latter  I  was  brought 
laigely  into  contact  by  the  nature  of  my  work. 

During  the  recent  short  visit,  my  intention  vas  mainly  to  see  and 
examine  as  many  species  and  specimens  of  Compound  Ascidians  as  possible 
in  the  living  condition,  and  then  have  them  killed  and  preserved  for 
histological  work  later.  I  was  given  excellent  facilities  for  collecting  in 
the  small  steamer  Johannes  Muller,  belonging  to  the  station,  and  twice 
—sometimes  three  times— evei7  day  fresh  supplies  of  material,  brought  in 
by  the  fishermen,  were  placed  in  my  aquaria. 

The  Compound  Ascidians  of  toe  Bay  of  Naples  have  not  yet  been 
monographed.  Some  species  were  described  by  DeUe  Cbiaje  and  others 
long  ago,  -when  the  genera  were  imperfectly  known  and  anatomical 
characters  were  not  recisrded.  Other  species  have  been  briefly  diagnosed 
more  recently  (but  without  any  figures)  by  Delia  Valle.  It  is  now  almost 
imposriblfl  in  many  cases  to  tell  from  these  des4:riptionB  alone  irhich  of 
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the  MeditemiDeaD  Bpecies  agree  with  those  of  the  French  coast  described 
by  H.  Mlhie- Edwards,  Giai^,  and  Lahille,  and  with  our  British  species. 

1.  wished,  therefore,  to  compare  these  published,  bnt  aometimes  in- 
sufficient, deecriptioDs  with  living  specimens  from  the  original  localities 
in  order  to  determioe,  if  possible,  the  systematic  positions  of  the  species 
and  provide  myself  with  figures-  and  anatomical  details  for  comparison 
with  British  species.  Fortunately,  also,  I  found  that  Dr.  Lo  Bianco  had 
in  his  stores  a  few  of  Delia  Valle's  type  specimens,  or  at  leoat  specimens 
of  these  species  identified  and  labelled  by  Delia  Valle  himself.  These  I 
was  permitted  to  draw  and  examine.  In  re^rd  to  the  other  species,  of 
which  there  were  no  anthenticated  specimens,  I  soon  found  that  from  the 
large  number  of  examples  they  laid  before  me  I  was  able  in  most  cases 
to  determine  what  form  the  original  describer  had  before  him.  I  then 
made  coloured  drawings  of  that  form  and  examined  ite  anatomy  to  settle 
to  which  modem  genus  it  belonged,  and  samples  of  every  species  I 
examined  and  drew  were  preserved  for  histologioal  purposes.  In  this  way 
I  hope  I  have  secured  the  material  necessary  for  an  accurate  comparison 
of  a  number  of  the  Mediterranean  and  British  ^leoies.  I  have  brought 
back  over  thirty  sheets  of  coloured  figures,  and  Dr.  Lo  Bianco  is  sending 
a  collection  of  bottles  to  Liverpool. 

The  following  is  a  list  of  the  species '  I  examined  tmd  determined  when 
at  Naples : — 

ASCIDI^    COMPOSITE. 
I . — UlBOSOH  ATA. 

Fam.  1. — DiSTOHlDA.  |       L^loeliTtujn  maeulatuvi,'M.-Edw. 

Dittommm  eostte,  Delia  Valle 


tUinum,  Ben, 
paneerii,  Delia  Valle 
Cyslodyles     deUa-chiaiite,    DeUa 

VaUe 
Digtaplia  magnilartia,  Delia  Valle 
rosea,  Delia  Valle 

Fam.  2. — PoLTCUViDf. 

Circinaliiim  coricretetnt,  Giard 
Amaroueium  roseum,  Delia  Valle 

crystallinujn,  Ren. 
Aplidimn  gibimlointm,  Sav. 
Frofforium  areolatvm,  D.Ch, 

Fam.  3. — Didbhnid^. 

n  bieoloT,  V.  Drasche 
gelaHnoBum,  Qiard 
eereuTtt,  Giard 


Drasche 
per/oratiim,  Giard 
dentatuni,  Delia 

Valle 
Ju/geng,  M.-Edw. 
candidum,         Delia 

Valle 
ammune,  Delia 

Valle 
gelatinosum,  Uiard 
toMratum,  Grube 


Fam.  4. — Diplosohids. 

Dipioaoma  eryataUimwn,  Giard 
Paeudodidttmmm  litterianum, 

M.-£dw. 
AsteUium  apongi/tnrme,  Giard 


II.- 

Fam.  1. — BOTBTLLlDf. 

Bolryllut  lapetum,  Delia  Valle 
morio,  Giard 
awrolweatits,  Giard 


HOLOSOHATA. 

Ptdyeydua  renieri,  Idmk. 

Botrylloidea  iulmtm,  V.  Drasche 
rubrum,  M.-Edw, 
goHcoi,  Delia  Valle 


■  To  complete  the  record  the  tew  Bimpte  Ascidians  which  wc 
with  the  compoDDd,  and  which  I  examined,  have  been  Included. 
1900. 


REPORT — 1900. 


ASCIDIf   SIMPLICES, 


Fam.  1. — Clavelikida.  i       Ctona  ini'tainalia,  L. 

Pha/luaia  manuniUala,  Cuv, 
Clavelina  fepadtformta,  O.F.M. 

Diaaona  vidacea,  SaT.  Fam.  3.— Cimtbiida 

Rhopalaa  neapolitana,  Phil.  Cyntltia  dura,  Hellet 

Mieroco»rmis  vulgarit.  Heller 
Fmh.  2.  -Abcidiid*.  'ilfW'^  canopoid^.  Heller 

Polycarpa  glomerata,  Alder 
Jtcittia  t?i«n<Wa,  L.  ForbeseUa  teggellala,  Forbes 

Report  on  the  Oeeupation  of  a  TabU  at  the  Zoological  Station  at  Naples 

during  March  and  Ajiril  1 900. 

d.  The  Anatomy  of  Phyllirhoi,  tlit   Calenterate  Plankton,   and  certain 

CceUnterata.     By  R.  T.  GihrrHEB,  M.A.,  Magdalm  CoUege,  Oxford. 

The  Committee  of  the  British  Asaociation  permitted  me  to  use  the 
Table  hired  by  the  Britiah  Aasociatioii  during  the  eammer  months  of  tb« 
present  j'ear,  for  the  prosecutioa  of  certain  researches  on  pelagic  organisma 
in  which  I  have  been  for  some  time  and  am  at  present  eo^ead.  Since 
it  was  incoDvecient  for  me  to  work  at  Naples  dnring  the  monuw  of  tSxj 
and  June,  I  was,  bj  the  generous  courtesy  of  the  Director  of  the  Zoological 
Station,  permitted  to  commence  the  occupation  of  the  Table  daring  m; 
Easter  vacation  at  a  time  when  the  resources  of  the  station  are  very 
sevei'ely  taxed  by  the  great  oonconrae  of  zoologists  who  annually  assemble 
there  at  that  seaaon.  For  this  especial  act  of  kindness,  in  addition  to 
80  many  others  I  have  been  diown  by  Dr.  Dohm,  I  dedre  to  offer  my 
hearty  thanks. 

The  Table  uf  the  British  Association  was  occupied  by  me  for  abont  a 
month— between  March  24  and  April  If*,  1900. 

Afy  attention  was  principally  devoted  to  &  detailed  study  of  the 
anatomy  of  Phyllirhoe  and  to  a  daily  examination  of  the  CcBlenterate 
portion  of  the  plankton  of  the  bay.  The  general  character  of  the  latter 
was  very  similar  to  what  it  was  on  a  former  occasion  when  I  had  the 
good  fortune  to  examine  it,  but  owing  to  the  prevalence  of  westerly  winds 
during  parts  of  March  and  April,  an  nnusual  quantity  of  Vdella  and 
PhytaUa  appeared  in  the  bay.  All  along  the  sandy  foreshore  of  Cnma, 
which  is  open  to  the  west,  sea  and  beach  were  remarkably  delimited  by 
Velellfe  extending  as  a  blue  band  abont  a  foot  or  so  broad  and  many  miles 
in  length.  In  consequence,  too,  of  the  same  prevailing  winds  Fkymdia, 
which  is  extremely  rare  at  Naples,  and  which  has  not  been  taken  for 
twelve  years,  as  I  am  informed  by  my  friend  Cav.  Lo  Bianco,  appeared  in 
great  numbers,  and  was  probably  drifted  in  from  the  Atlantic  as  a  con- 
sequence of  the  exceptional  meteorological  conditions. 

I  availed  myself  of  the  opportunity  of  verifying  the  statement  that  the 
characteristic  blue  colouring- matter  of  Velella  (zoocyanin)  may  be  very 
conveniently  extracted  from  the  tissues  by  maceration  in  a  saturated 
solution  of  potassium  acetate.  A  solution  prepared  on  Uarch  36,  which 
has  been  kept  in  the  dark,  still  retains  ita  blue  colour,  and  will  be  sub- 
mitted to  spectroscopic  examination  on  my  return  to  England.  As  the 
result  of  the  action  of  the  potassium  acetate,  the  '  yellow  celts '  or  sym- 
biotic algfe,  which  are  yellow  in  the  tissues  of  the  Yeldla,  turn  green.  In 
several  of  the  species  examined  the  arrangement  of  these  yellow  cells  was 
in  aroups  of  2,  4,  8,  or  other  multiples  of  2.  ,  .  t 

*  .  ..C.oogic 


THE  ZOOLOGICAL  STATION   AT   NAPLES.  387 

Among  other  observations  upoa  Cidentffrata,  I  have  observed  the 
•existence  of  a  oontiuuons  longitadin&l  atrip  of  ceils  with  granular  proto- 
plasm situated  in  the  ectoderm  and  extending  aJong  one  side  ot  the 
tentacles  of  certain  Hydrozoa.  I  have  demonetrated  &e  existence  of  this 
band  of  cells  in  the  teiit*ctea  ot  the  meduse  of  Carmwrina  and  in  those 
of  the  hydropolfpe  of  Obdia,  Eudendriutn,  and  Aglaophenta,  and  I  have 
DO  donbt  that  it  can  be  demonstrated  in  other  genera  also.  This  band 
•of  specialifled  cells  can  be  made  obvious  by  keeping  the  living  fttiimalii  for 
some  time  in  sea- water  tinted  b;  methylene  blue  in  the  proportion  recom- 
mended by  Zoja.'  It  was  found  that  certain  cells  along  one  side  ot  tlie 
tentacles  became  stiuned,  thus  demonstrating  the  existence  of  the  above- 
mentioned  band  of  difierentiated  histological  elements. 

I  was  enabled  to  make  very  considerable  progress  with  my  work  on 
the  anatomy  of  Fkyllirkoi',  and  to  make  several  observations  on  the  living 
.animal,  which  I  hope  to  publish  before  the  close  of  the  present  year. 

Report  on  the  Oeeupation  of  a  Table  at  the  Slaziane  Zoologiea,  jUaplet, 
during  March  and  April  ISOO. 

e.   The  Fertilisation  Process  in  EchinoiiUat 
By  A.  H.  BBeiiIAi.D  BuLLBB,  Ph.B. 

I  occupied  the  table  of  the  British  Association  from  March  15  until 
April  21. 

The  research  work  undertaken  was  an  endeavour  to  determine  whether 
-the  eggs  of  the  Behimndea  excrete  a.  fluid  which  attracts  the  spermatozoa 
chemotactically.  Bergh  *  states  that  attraction  by  a  special  substance  is 
probable.  According  to  Strasburger  ^  the  e^s  of  the  Fueaeete  (which  are 
also  fertilised  after  being  set  free  in  sea-water)  excrete  a  substance  which 
attracts  the  spermatozoa  from  a  distance  equal  to  about  two  diameters  of 

Tab  material  consisted  of  the  following  animals  : — Arbada  puttidoaa 
Gray,  Bchinite  microtiibercidatiu  Blv.,  and  Sphareehinus  ffrantuarii  Ag. 

Ko  attraction  could  be  observed  during  artificial  fertilisation  experi- 
ments. Collections  of  spermatozoa,  however,  take  place  in  the  outer 
gelatinous  coat  of  the  e^^s.  Observations  were  made  tending  to  show 
that  this  is  a  physical  and  not  a  chemotactic  phenomenon. 

Experiments  were  then  mode  in  which  it  was  sought  to  collect  in  sea- 
water  the  supposed  fluid  excreted  from  the  eggs.  The  eggs  were  left  very 
thickly  placed  together  for  2-12  hours  in  a  very  shallow  Isyer  of  sea-water, 
4tnd  the  latter,  after  filtration,  introduced  by  means  of  on  air-pump  into 
<»pillary  glass  tubes.  These  were  then  placed  in  a  drop  containing  motile 
spermatozoa.  So  gathering  of  the  spermatozoa  into  the  tubes  could  be 
-ooserved.  One  precaution  taken  was  to  prove  that  just  before  filtration 
the  eggs  could  be  fertilised. 

In  the  case  of  Arbacia  it  was  discovered  that  when  spermatozoa  are 
introduced  into  a  drop  containing  freshly  extruded  eggs  they  collect  into 
small  balls,  often  composed  of  100  or  more  individuals.  The  balls  wera 
also  formed  after  the  water  had  received  four  successive  filtrations.  A 
^tactile  stimulus  appears  to  play  a  part  in  the  phenomenon. 

'  In  his  experimentH  on  Hvdra,  Rend.  Imt.  Lnmb.  zzv. 
'  Vorititaigeyi  Sber  aUgemeine  Embriixliyffie,  1896,  p.  48. 
'  Da*  betanitebe  Practictmi,  2m  Aufl.  1887,  p.  40a. 
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When  a  sufficient  number  of  spermatozoa  hare  penetrated  the  geht- 
tinous  coat  of  an  egg  and  have  become  attached  by  their  heads  to  the 
layer  which  is  subsequently  raised  and  forms  the  vitelline  membrane, 
rotation  of  the  egg  takes  place.  During  the  rotation,  which  may  be  in 
any  direction,  the  gelatinous  coat  does  not  also  rotate. 

By  means  of  the  capillary  tube  method  an  attempt  was  made  to  find 
some  substance  which  attracts  the  spermatozoa.  Various  Bubstances, 
known  to  give  a  chemical  stimulus  to  other  organisms,  were  tested  :  meat 
extract,  peptone,  cane-sugar,  glycerine,  as{)aragine,  alcohol,  oxalic  acid, 
nitrii:  acid,  potassium  nitrate,  sodium  chloride,  potassium  malabe  diastase, 
and  distilled  water.  N^o  definite  chemotactic  attraction  could  be  observed 
in  any  case. 

lie  chief  results  arrived  at  were  : — 

1 .  The  spermatozoa  of  the  Eehinoidea  are  not  attoactod  to  the  eggs  by 
means  of  any  special  substance  excreted  by  l^e  latter.  The  vast  number 
of  spermatozoa  and  the  large  size  of  the  eggs  are  sutBcient  to  ensure  the 
necessary  contact  taking  place. 

2.  It  is  not  improbable  that  the  spermatozoa  are  unable  to  respond  to 
chemical  stimuli  by  change  in  the  direction  of  movement. 

It  gives  me  much  pleasure  to  acknowledge  my  indebtedness  to  the 
staff  of  the  Stazione  Zooh^ca  for  supplying  me  with  material  uid 
apparatus  during  the  research. 

Report  on  tha  Oecitpation  of  a  Table  at  Naples. 


In  answer  to  my  request  that  I  might  be  permitted  to  avail  myself  of 
the  arrangement  existing  between  the  British  Association  Committee  and 
the  Kaples  Zoological  Station,  the  Secretary  of  the  Committee  was  good 
enough  to  recommend  me  to  the  kind  offices  of  the  Director,    Dr.    A. 

Although  the  British  Association  Table  was  already  occupied,  I  found 
Dr.  Dohm  anxious  to  make  special  arrangements  for  my  accommodation, 
and  I  accordingly  took  advantage  of  these  from  December  20  till  the  end 
of  February. 

My  object  beiog  to  familiarise  myself  with  the  methods  in  use  at  tite 
station,  as  well  as  with  the  Kaplea  fauna  in  a  living  condition,  I  was 
installed  in  a  room  adjacent  to  that  of  Dr.  Lo  Bianca  Thanks  to  his 
intimate  and  extensive  faunistic  knowledge  and  to  his  untiring  wilUngneaa 
to  impart  the  results  of  his  long  experience  in  the  conservation  of  marine 
animals,  I  felt  at  the  close  of  my  ten  weeks'  stay  more  than  satisfied  with 
the  results  I  attained.  As  Dr.  Lo  Bianco  was  engaged  at  the  time  in 
giving  instruction  in  methods  to  a  medical  officer  of  the  German  Navy,  I 
was  enabled  to  share  these  demonstrations  and  to  acquire  some  expertness 
in  dealing  with  those  forms  which,  like  the  Siphonophora,  had  long  proved 
refractory  to  attempts  at  preservation  until  Dr.  Lo  Bianco  succeeded  in 
elaborating  the  methods  at  present  in  use. 

I  hope  to  be  able  in  the  near  future  to  utilise  the  technical  experience 
gained  at  the  Ifew  Canadian  Marine  Laboratory  which  has  recently  been 
brought  to  the  notice  of  the  British  Association. 
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While  expresaing  my  thanks  to  your  Committee,  aa  well  as  to 
Dr.  Dohm  and  the  varions  members  of  the  stAff  of  the  Zoological  Station, 
for  the  many  courtesies  shovn  me,  I  deaire  to  record  toy  opinion  of  the 
high  effioienoy  of  the  station  and  of  the  convenience  to  British  naturalists 
incident  to  the  partial  sapport  thereof  by  the  British  Association. 


APPENDIX   III. 

A  List  of  JfaturalisU  xdto  have  worked  at  ihe  Zoological  Station  from 
Jvly  1, 1899,  to  June  30,  1900. 


Dr.  F.  Capoblanco    . 
Prof.  F,  a  Hontloelll 
Dr.  Paul  J  age  . 
Prof.  Q.  Comdo 
Dr.  SabiUBOw 
Frot  F.  BanfeUoe 
Dr.  S.  OeTmano 
Piof.  A.  Sqbbo  . 
Dr.  F.  Huia     . 
Dr.  E.  CriBafolli 
Dr.  O.  Bottoro  . 
D.  A.  De  Simoni 
Dr.  J.  Bobotta  . 
Dr.  F.  Bottaxd . 
Dr.  P.  Enriqnei 
Dr.  E.  Ranter   . 
Mr.  F.  B.  Smaller 
Dt,  H.  DrieM^  . 
Dr.  C.  Herbrt    . 
Hr.  E.  Gnmej  . 
HlsB  A.  TiokeiB 
Dr.  F.  Nlssl 
Praf.  A.  Biedl   . 
Hr.  H.  E;le 
UlBS  8.  Nichols 

Dr.  B.  Waldow . 
P»r.  Taachwberg 
Dr.  V.  LingelBheim 
Miaa  B.  Gregory 

Prof.  F.  Oaran 
Dr.  Bina  Monti 
Dr.  M.  Pieiantoni 
Ur.  W.  Cooper 
Hi.  B.  Gooi&ich 

Prof.  Barasaj  Wright 

Dr.  O.  Jatta 

Dr.     G.      Tastaiini 

CroA 
Dr.  r.  Dianure 
Dr.  O.  Tagliaal 
Prof.  T.  D'Evant 


Bwitierland 
Italy 
Rnsaia 
Zoolog.  Blation 


UniveiBity  Table 

Hambn^ 

Pntwia    . 

Oxford 

jBHtuA  Attixiatian 

Baden 

Anatria    . 

BritiA  A$iaeUitUm. 

American   Women') 

Table 
Zoolog.  Station 

American   Women'E 

Table 
Italy 

Cambridge 
Britith  A$iooiatioR 

and  Oxford 
BriHth  AiiecuUiim. 
Zoolog.  Station 
Italy 


July   1, 1899 

12, 

14. 

II 

22, 

" 

AUg.    4, 

10. 

11. 

H 

16. 

l^ 

1 

2*. 

Bept.  J. 

6. 

8. 

20, 

26, 

OM 

7. 
7, 
9, 

" 

H 

18, 
28, 

;; 

^^ 

M. 
26, 
27. 

II 

Not 

2, 

17, 

32, 

.. 

29, 

„ 

Dec. 

1, 
*, 

n 

li. 

17. 

18, 

- 

19, 

J^ 

i;ri 

„ 

1, 

" 

1. 
1, 

"• 

No*.   4, 
SepLll! 


Jan.  14, 

»      6, 
Dec.  19. 1899 

..     17,    „ 
Jnoe  8.1900 

Har.  1,  „ 
Deo  1,1899 
1. 1900 
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Soin- 

Slate  or  UniTerBtj 

NriunOist-.  Name 
Dr.  A.  Bornauo 

whoui  T>bl« 
was  made  ase  ot 

Liit 

Arrii-al 

Departure 

1U9 

Italj        .       .       . 

Jan.    1,1900 

1150 

Dr.  0.  Rosai      . 

»      1.    ., 

llGl 

Dr.H.  Redeke   . 

Holland  .'               '. 

..      6.    ., 

Mar.  19. 1900 

1162 

Dr.  V.HbIbw    .        . 

..      I.    .. 

I1E3 

Dr.  H,  Pniibnim 

Aoatria    . 

,.     21,     „ 

Jane  16.    , 

1154 

Dr.  0.  ».  Fflrth. 

„    80.    „ 

April  3,     „ 

1166 

UIw  H.  Suowden     . 

American   Women's 
Table 

Feb.    1,    :, 

Mar.  29,    „ 

nee 

Dr.  B.  H.  Du^ar      . 

M     27,     „ 

Apr    9.     „ 

1167 

Dr.  G.  Senn       .        . 

..     27,     „ 

.,      3,    ,. 

11G8 

Oand.  T.  Be^manu  . 

BruBeia    .        .         . 

WOttemberg    . 

Mar.  3,    „ 

,.    36.     ., 

1169 

Dr.  H.  Winkler 

..      3,    „ 

„     19,     ,. 

1160 

Dr.  0.  int  StrassoD  . 

Saxony     . 

..    12,    „ 

„    20,    ,. 

1161 

Dr.  A.  BuDer    . 

BritUhAMielatioi,. 

..    u,    „ 

.,    22.     ., 

1162 

Dr.  B.  Hoffmant] 

PruBsia     . 

..    14,    ,. 

,.    19,     ., 

1163 

Dr.  a  Woltereck 

Saion?    . 

,.     16.    „ 

„    20,    ., 

1164 

Mr.  0.  F.  HoUM 

.,     16.     ,. 

Mar.  27.     .. 

1166 

Prof,  Zimmarmann   . 

Switzerland      , 

,.     18.    „ 

Apr.  16.    ,. 

U66 

Prof.  Herdman 

BrUiih  Aiteoiatim . 

.,     19,    ., 

r     9.    ., 

1167 

Dr.  J.  Sobotlft  . 

BaTMia    . 

„     21,     „ 

„    19.     ., 

116S 

Mr.  R.  aOnther 

BrifUkAimc-iatuM. 

„     28.     ., 

.,    26.     „ 

1169 

Dr.  W.  Uagnus 

Hewe       . 

„    2*,    ,. 

..      3.     „ 

1170 

Slguft.  C.  Losito 

Italy       .        .       . 

,.    M.     „ 

..     27.     ,. 

1171 

Dr.  M.  Bedot    . 

Switierland      . 

..•   27.     ., 

.,    27.     „ 

1172 

Prof.  BaUowiti. 

Prussia    . 

Apr.   *.    „ 

.,    21,    .. 

1173 

Dr.  T.  H.  Ashworth  . 

Cambridge      .       . 

„      T,    .. 

June  16.     ., 

1174 

Sir  Oh.  EUot  >   . 

Britith  Aaoeiaium . 

,.     11.     „ 

Apr.  18.     ., 

1176 

Prof.  D.  Calaid 

IMj        .        . 

,.    27,     „ 

1176 

Di.  P.  Cerfontoine    . 

Bellinm  . 

Hay   2,    .. 

1177 

Hot  H.  Fischer 

WQrUmbe^   .         . 

June  8.     „ 

1178 

Dr.  8.  Uollier    . 

Bavaria  . 

',]   ao!  ", 

1179 

Prof.  T.  H.  Mo^an  . 

June  16,    „ 

1180 

F.B.  Sumner    . 

Dniversity  Table     . 

„    20.    „ 

llSl 

Stnd.  C.  de  Dawydoff 

Bnsiia 

.,    22.    „ 

11S2 

Dr.  J.  Boeke      . 

Holland   . 

.,    2S,    ., 

— 

APPENDIX  IV. 


A  List  oj  Papers  published  in  1699  by  Natviraliats  who  haw 
occupied  Tables  in  the  Zoological  Station. 


'  Cf.  last  year's  Report. 
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.     Qnantltstive  B^DlatloneD  bei  dei  Reparation  der  Tubn- 
larU.    Hid.  Bd.  B,  1S99. 
Notiien    Sibei    die   AnfloBung    nnd    Wiederbildung   dea 
Skelets  TonEcblnodennenlarveD.     Jbid, 
,    Prof.  Oilaon'a  C«llales  mnsculo-glandnlaires.      Biol.  Oea- 

tralblatt,  Bd.  19,  1BB9. 
.     CTntersachimgeii  Sber  die  Orgaoe  der  Licbt«npfindaiig 
bei  Diedeien  Thieren.  V.  Die  Aagen  der  poljcbaeten 
Anneliden.    Zeitschr.  t.  nira.  Zoalogle.     Bd.  6S,  1899. 
Beiti^e  zDr  Phjaioli^e  dei   electriachen    Organs    der 
ZitterrocheD.     Ceotralbl.  f.  PhjBiologie,  Bd.  13,  1S99, 
and  Abb.  Sacfas.  Gea.  Wiss.,  Bd.  SS,  1899. 
.    TlialaBsenia  papilloenm,  a  roigotten  Bcbiorold  Gepb;rean. 
'  Mitth.  Zcol.  8tat,ion,  Neapel,'  Bd.  19, 1699. 
Dot,  Blct  DDd  die  EicretioDsotgane  voo  SlpuncnlDB  nudiu. 

llrid. 
Maothner'sclie  Fasem  bei  Cbimaeia.    UorphoL  Jahrbnch, 
Bd.  27,  1899. 
.     Znr  EenntniB  dea  Oahororgans  tod  Fterotiaohsa.    Scbr. 

Naturr.  Qesellach.,  Danzig,  Bd.  10,  1899. 
,     Die  Begtueration  des  Qongliona  von  Ciona  inteBtinalis. 

Jen.  Zeitschr.,  Bd.  B3,  1899. 
.    Necionema  agile  VeiriU.     Akad.  Anieiger,  No.  10,  Akad. 
Wisa.  Wien,  1899. 
Intomo  al  tabo  digerente  ed  al  *  centro  Btomato-gaBtnco ' 
delle  Aplisie.     Zool.  Ani.,  Bd.  22, 1899. 
,    Die  Phj  sioloKie  der  Pedicellarien.    Zeitechr.  fOt  Biolngie, 
Bd.  37,  1899. 
Die  Pb;siol<^ie  dee  Seeigelstacbels.    Ibid.  Bd.  39, 1899. 
Tergleicbende   pbjsiologiscbe  Stndien  eot   Statocjaten- 
fnnction.     II.  Versncbe  an  Croatoceen.      Arcbi*   1  d. 
ges.  Physiologie,  Bd.  H,  1899. 
.    Die  Locomoiion  des  HaiGhChea  (Scjllimn)  nnd  ihre  Beiie- 
bDngen  za  den  einielnen  Oehimtbellen  nndium  lAbf' 
rinlh.     Ibid.  Bd.  76,  1899. 
CeatrifugaleB  DichenwachBthnm  der  Membran  nnd  extm- 
membranoseB  Plasma.  Jabrb.Wiss.  Botauik.  Bd.33, 1899. 
UDtersucbucgen  zur  Stmctnr  dea  Saeigeleies.     SiCz.  Ber. 

Qes.  Morph.  Phjs.  Miinchen,  Bd.  14,  1B99. 
Znr   Anatomie    and    Phyalologle    von    Padina    pATonia. 

Berichte  D.  Botan.  Gea.,  Bd.  IT,  1899. 
Znr  Morphologie  and  Pbyaiologie  von  Hiorodict; on  ombili- 

catnm.    Jahcb.  Wiaa.  Botanik,  Bd.  3*,  1899. 
Stndil  comparativi  anile  laole  di  lAngerhana  del  Pauoreaa. 
Ictemat.  Houatschrift  f.  Anat.  nnd  PbjaioL,   Bd.  16, 


Sol  valore  anatomitio  e  morfologico  delle  iaole  di  Langer- 
hana.     Anat.  AoKeiger,  Bd.  1 6,  1899. 

A  newfacction  of  tbe  Tasculai  ampnilie  in  the  Botiyllidse. 
Zool.  AoEeiger,  Bd.  2S,  1899. 

Ueber  PhagocjtosB  nnd  Excretion  bei  Anneliden. 
acbr.  Wiss.  Zool.,  Bd.  66, 1899. 

Znr   Anatomie  nnd  Pbjaiologie  einigei  rankentragender 
Meereaalgen.    Jahtb.  Wise.  Botanik,  Bd.  34, 1899. 

The  death  temperatnie  ot  certain  marine  organiama.  Joor- 
nal  of  Phfaioli^y,  vol.  2S,  1899. 

The  eSect  of  staJeneu  ot  the  sexaal  cells  on  the  develop- 
ment of  Echinoida.     Prcc.  Boyal  Soc.,  vol.  6S,  1899. 


3i'2  BEPOET~1900. 

A.  Bcc)[,  .  Deber  die  bel  BelichtmiK  der  Netihaat  von  Eledooe  mos- 

cbata  eDteteheuden  Actionsttrome.     Arctur  (.  d.  ges. 

PfaTHlolcigie,  Bd.  78,  18!)9. 
C.  Herbst        .         .         .     Ueber  die  Begeaeratioc  von  anteaneaKbnlicben  Oisanen 

an  Stelle  tod  Aageo.  III.  and    17.   Archir   f.  Entw. 

Ueoh.,  Bd.  19,  1899. 
W.  Slempell   .        .         .     Zar   Aaatomie  von   SolemTa  togata  Poli.      Zool.  Jahrb. 

Bpengsl,  Abth.  Anat.  u.  Ontag.,  Bd.  IS. 
W.  UDclemann  .     Ueber  einifra  EtgeDscbaften  der  HolothnileDhaut.    Zeit- 

Echc.  f.  Biot<^e,  Bd.  .<I9,  1899. 
F.  Rohmanii    .        .         .     Eiiiige  B«obachtnngeD  ilbei  die  Terdannng  der  Kohlen- 

hydiate  bei  Apl;Bieii.     Centislblatt  f.  Physiol.,  1899. 
E.Kuster  QenebeeptuutnogeD  and  pagaive  Wachgtlinm  bei  Meeres- 

algSD.    Siti.  B«r.  Akad  Wise.  Berlin,  1899. 
F.  Bottazzi      .        .         .    Riceruhe  fisiolt^cbe  sol  sibtema  cerroso  viwierBle  delle 

Aplisie  e  di  alonni  Cefalopodi.     BiTi«ta  Scienie   Bio- 

l<^0ho.     Vol.  1,  1899. 


APPENDIX   V. 

A  List  of  the  Puhlieationt  oj  the  HooloffuxU  Station  diLring  lite  year 
ending  June  ZO,  1900. 


1.  [Tanna  nnd  Flora  des  Oolfes 
216  pp.,  11  pUtee. 

2.  '  MlttheilDDgen  aos  dec  zoo1ogiach< 
with  ID  pUtcB. 

8.  'Zoologiscber  Jahresbericht'for  1898. 

4.  •  Qnide  to  the  AqtiariiuD.'    A  new  Qermiit]  edition  has  been  pnblished. 


Neapel.'    Astetocheriden,  bj  W,  Qiesbiecht. 
Station  eu  Seapel.'  7ol.xiT,  parts  1  and  2, 


Index  Animaliimi. — Report  of  the  Committee,  wneieting  of  Dr.  Henry 
Woodward  (Chairman),  Mr.  W.  E.  Hovle,  Mr.  R.  MgLachlan, 
Dr.  P.  L.  ScLATER,  Rev.  T.  R.  R.  Stebbihg,  and  Mr.  F.  A.  Bather 

(Secretary). 

The  Committee  has  the  honour  to  report  that  this  work  has  made  very 
aatisfactory'  progress  in  the  hands  of  Mr.  C.  Dalies  Sherbom,  and  that 
the  literature  down  to  the  year  1800  has  now  been  songht  out  and  indexed. 
The  manuscript  of  this  portion  will  be  ready  tor  the  printer  in  a  few 
weehs,  and  the  Committee  is  considering  the  best  form  of  publication  and 
estimating  the  cost.  Meanwhile  the  indexing  of  literature  after  1600  is 
being  continued.  At  this  stage  the  Committee  would  be  glad  to  receive 
suggestions  or  offers  of  help  for  the  publication  of  this  great  work,  since 
the  sums  hitherto  so  generously  awarded  to  it  are  only  sufficient  for  the 
necessary  current  expenses,  which  continue  as  before.  The  Committee 
therefore  earnestly  requests  its  reappointment,  with  a  grant  of  100^ 


I  ,y  Go  Ogle 
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Natural  HiBlory  and  Ethnography  of  the  Malay  Feninstda.  Baport  of 
the  CommUee,  comisHng  of  Mr.  C.  H.  Read  (Chairman).  Mr.  W. 
Grooee  {Secretary),  Professor  A,  Macalister,  avd  Professor  W. 
RiDGEWAY. 

The  Committee  have   received   the  Eollowing  report  from  Mr.   W.  W, 
Skeat,  the  leader  of  the  ezpeditioo  : — 

Siport  on  Cambridge  Exploring  Expedition  to  the  Malay  Provinces  of 
Lower  Siam.     Drawn  up  by  W.  W.  Skeat. 

This  expedition  was  organised  to  carry  out  a  scientific  survej,  in  which 
Ethnology,  Zoology,  Botany,  and  Geology  should  all  have  a  share,  of  the 
little-known  Malay  provinces  of  Lower  Siam,  and  especially  to  extend 
i;he  scope  of  the  ethnographical  collections  and  observations  referred  to  in 
the  Fourteenth  Annual  Report  of  the  Antiquarian  Committee  to  the  Senate 
(June  6,  1899). 

The  party  comprised  Messrs.  R.  Evans,  of  Je&UE  College,  Oxford ;  F.  F. 
Iiaidlaw,  of  Trinity  College,  Cambridge  ;  D,  T.  GwynneVanghan,  of 
Christ's  College,  Cambridge  ;  R.  H.  Yapp,  of  St.  John's  College,  Cambridge  ; 
!N.  Annandale,  of  Balliol  College,  Oxford,  and  myself. 

The  inhabitants  of  these  provinces  are,  for  the  most  part,  Malay,  but 
Siamese  influence  becomes  gradually  predominant  to  the  northward,  and 
the  process  of  fusion  between  these  two  antagonistic  elements  presents 
some  carious  racial  problems.  But  the  most  interesting  subject  for 
investigation  in  these  provinees  is  perhaps  presented  by  the  very  primitive 
jongle  tribes  of  the  interior,  about  whom  much  valuable  information  was 
obtained. 

Yet  another  interesting  tribe,  of  whom  no  account  seems  to  have  yet 
been  published,  is  the  sacred  tribe  of  the  Pr&ms,  who  claim  to  have  com^ 
over  from  India,  and  to  have  established  themselves  in  the  country 
anterior  to  the  coming  of  the  Siamese  or  Malays.  What  truth  there  may 
be  in  their  statements  will  (it  may  be  hoped)  now  be  ascertainable,  as  a 
copy  of  their  sacred  book,  containing  an  account  of  their  origin,  was 
obtained  by  the  expedition. 

But  the  special  interest  of  the  territories  traversed  centres,  perhaps,  in 
the  &ct  that  tliey  have  hitherto  formed  a  species  of  ethnical  backwater, 
but  little^  if  at  all,  affected  by  the  ideas  of  a  higher  civilisation.  These 
ideas,  however,  are  already  taking  root,  and  many  of  the  manners  and 
customs  witnessed  by  the  expedition  are  becoming  obsolescent  or  are 
■already  obsolete. 

It  is  hoped  that  when  the  results  are  known  tiie  present  expedition 
will  be  found  to  have  achieved  results  to  some  extent  comparable  with 
those  obtained  by  the  important  expedition  sent  by  the  Dutch  Government 
to  Mid-Sumatra  in  1877-9.  The  results  obtained  should  also  be  of  value, 
for  purposes  of  comparison,  with  the  resiUts  of  the  very  successful 
Cambriage  Anthropological  Expedition  of  Dr.  Haddon  to  the  Torres 
Straits,  Sarawak,  and  New  Guinea. 

Owing  to  the  uncertainty  as  to  the  probable  reception  which  the 
expedition  would  experience  at  the  hands  of  the  inhabitants,  the  good 
offices  of  the  Siamese  Government  were  bespoken  by  the  Foreign  Office  ; 
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and  I  have  much  pleasure  in  recording  the  extreme  hoapitality  aad 
enlightened  help  which  the  expedition  coasequetitl;^  received  from  the  local 
authorities,  in  some  cases,  perhaps,  under  r&ther  difficult  circumstances. 
Tlie  warmest  thanfas  of  those  interested  in  the  expedition  are  due  to 
H.  E.  Phya  Sukhum,  the  High  Commissioner  for  the  Ligor  Circle  of  the 
Uiamese-Malaj  States  ;  to  Luang  Phrom  and  Kun  JUt,  the  special  com- 
missioners attached  to  the  expedition  as  escort ;  to  the  Commissioners  and 
ilajos  of  Patalung,  Singora,  Patani,  Raman,  Jala,  Jenng,  Naimg  Chik, 
Ligeh,  Teluban,  and  Kelantan,  the  Sultan  of  Kelantan,  the  Sultan  of 
Ti'engganu,  and  the  Sultan  and  Raja  Muda  of  K.edah. 

We  reached  Singora  on  March  27,  1699,  and  were  most  hoapitebly 
entertained  in  his  own  house  by  the  High  Commissioner,  H.  E.  Phya 
Sukhum.  Next  day  we  proceeded  up  the  Inland  Sea.  This  is  a  very 
shallow  lake,  or,  perhape,  rather  chain  of  lakes,  part  of  which  is  salt  and 
part  fresh  water.  It  measures,  roughly  speaking,  some  sixty  miles  in 
length,  and  in  the  broadest  part  is  not  less  tlMO  twenty  miles  wide.  Some 
dredging  was  done  here  by  Messrs.  Evans  and  Annandale,  and  the  Bird's 
Kest  Islands  were  visited,  observations  made,  and  photographs  taken  of 
the  curious  cave-dwellings  of  the  island  guards. 

At  Idrnpain  (Lumpuinm)  a  short  stay  was  made  by  Messrs.  Evans 
and  ^aughan,  Mr.  Annandale  and  myself  proceeding  into  the  interior  to 
try  to  meet  with  a  samJl  Sakei  (jungle)  tribe  of  Pangans  who  were 
reported  to  have  been  seen  in  the  vicinity,  and  to  photograph  some  of  the 
Siamese  tree-graves,  which  method  of  burial,  in  accordance  with  instruc- 
tions from  Bankok,  is  fast  becoming  obsolete.  A  forced  march  by 
night  on  elephants  brought  us  to  the  spot  too  late  to  overtake  the 
wild  men,  who  hod  moved  away,  no  one  could  say  whither,  the  night 
before  our  arrival.  Mr.  Annandale  was  able,  ho*ever,  to  photograph 
ttieir  late  dwelling-place,  which  consisted  of  a  cave  under  a  projecting 
rock,  near  the  summit  of  a  lofty  hill.  He  also  took  photographs  of  the 
tree-graves.  These  are  nsuaUy  cigar-shaped  wrappers,  or  rather  '  shells ' 
made  of  laths,  and  suspended  horizontally  at  a  height  of  6  to  8  feet 
from  the  ground  between  two  tree-trunks,  branches,  or  posts.  The  corpse 
is  exposed  in  one  of  these  shells  (the  heels  being  generally  left  higher  than 
the  head),  and  allowed  to  decay  till  the  bones  are  clean,  after  which  the 
bones  should  be  collected  and  burnt.  Box-like  receptacles  on  posts 
(as  among  the  Madangs  of  Borneo)  are  occasionally  substituted  for  the 
wrappers.  On  this  journey  some  strange  articles  of  diet  were  served  up 
to  us,  among  them  being  red  ants,  toads,  bee-grubs,  and  a  species  of 
cicada.  The  manner  in  which  the  latter  are  caught  is  peculiar.  Two  or 
three  natives  gather  at  night  round  a  brightly  burniog  wood  fire,  one  of 
them  holding  a  lighted  torch.  The  others  clap  their  hands  at  regular 
intervals,  and  the  cicadce,  attracted  by  the  noise  and  guided  by  the  light, 
fly  down  and  settle  upon  the  people  as  they  stand  by  the  fire.  In  the 
'wat' (Siamese  temple)  at  Ban  Nah  Mr.  Annandale  noticed  that  one  of  the 
small  figures  of  Buddha  which  had  been  deposited  in  the  temple  as  an 
•ofTering,  contained  a  fossil  shell,  and  this  clue,  carefully  followed  up,  led 
to  the  discovery  of  the  quarry  from  which  the  fossil  had  been  taken.  The 
formation  is  of  the  Cretaceous  age,  and  a  number  of  specimens  showing 
fossiliferous  traces  were  secured  here  ,  well- authenticated  finds  of  fossils 
in  the  Malay  Peninsula  have  been  of  the  rarest  possible  occurrence. 

On  this  same  journey  a  couple  of  young  leopai-d-  or  panther-cubs  were 
picked  out  of  their  nest  in  a  hollow  tree  by  the  roadside,  and  it  being 
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fouad  difficult  to  feed  them  they  were,  on  retwhing  Lampam,  suckled  by 
a  Siamese  woman,  who  claimed  to  have  previously  suckled  a  bear.  On 
reaching  Lampam  we  found  that  Meaars.  Bvaits  and  Vaughan  had  pro- 
ceeded to  the  'T&le  Noi,'  or  '  Little  Lake,  at  the  end  of  the  Inland  Sea, 
and  followed  them  accordingly.  We  did  not  overtake  them,  but  our  visit 
to  the  '  Little  Lake '  was  of  great  intereGt.  In  one  of  the  local  '  wats  '  or 
temples  a  human  embryo  was  found  among  the  oSeringa.  We  also  camfr 
upon  a  small  isolated  tribe  called  'Prfim'  (IBrahm)  people,  who  claimed  to 
be  a  sacred  tribe  of  Indian  origin,  and  appear  to  have  been  hitherto 
undescribed.  They  retained  several  peculiar  customs,  notably  that  of 
burying  their  dead  in  a  sitting  posture,  with  the  top  knot  tied  to  the  top 
of  the  coffin.  A  copy  of  a  sacred  book,  describing  the  origin  of  the  tribe 
and  the  story  of  their  migration,  was  obtained  with  difficulty.  It  is  said 
to  be  written  in  an  Indian  language,  which  they  themselves  no  longer 
understand.  Their  dress  consisted  of  a  white  robe,  a  white  shoulder- 
cloth,  and  a  peculiar  white  two-peaked  turban  or  cap.  Their  chiefs 
claimed  that  they  were  the  oldest  inhabitants  of  the  country,  and  that 
they  were  not  constrained  to  make  obeisance  even  to  the  sovereign. 

After  a  few  days'  further  stay  in  Singora,  where  we  rejoined  Messrs. 
Evans  and  Vaugban,  wo  proceeded  to  Fatani  in  the  commissioner's  yacht, 
arriving  after  a  good  passage  just  in  time  to  witness  part  of  the  gorgeous 
pageantry  of  a  Malay  '  royal '  wedding,  between  ^e  Raja  of  Patani's 
sister  and  the  '  Raja  Muda '  of  Kelantan. 

At  Patani  we  were  lodged  in  a  big  brick  building  ordinarily  used  as  a 
school.  An  unfortunate  accident  here  greatly  handicapped  the  photo- 
graphic work.  A  big  iron-bound  shutter  fell  from  its  fastenings  with  a 
crash  inside  the  building,  and  striking  our  best  camera,  so  injured  it 
that  it  had  to  be  sent  to  Europe  for  repairs,  a  matter  of  months,  and  an 
irreparable  loss  so  far  as  photographic  work  was  concerned.  It  had  just 
been  used  for  taking  a  pbotc^raph  of  the  Baja  of  Patani,  who  had  mo«t 
fortunately  just  returned  to  his  house.  Mr.  Evans  also  had  a  narrow 
escape. 

On  the  28th  we  left  for  Bukit  Besar,  or  N^ri  (Indragiri),  an  isolated 
mountain  about  3,000  feet  high,  on  which  several  days  were  spent.  This 
was  known  to  the  natives  as  a  haunted  mountain  possessing  a  pond  near 
the  summit,  on  which  are  said  to  grow  certain  magical  shrubs,  one  of 
which  is  believed  to  be  the  means  of  conferring  perennial  youth  on  its 
finder,  and  another  to  be  one  of  the  most  powerful  love-charms  in  the 
world.  These  treasures  are  guarded  by  a  host  of  demons,  and  the  natives 
expressed  great  fear  of  them  until  the  ascent  to  our  camp  (at  a  height  of 
about  2,000  feet)  had  been  successfully  accomplished,  after  which  their 
fears  rapidW  snboided.  Mr.  Evans  got  his  first  specimen  of  Peripatus 
here,  and  Mr.  Vaughan  also  did  well  with  the  mountain  flora. 

On  our  return  to  Fatani  Messrs.  Vaughan,  Annandale,  and  Evans 
proceeded  up  the  Patani  to  Biserat  in  Jalor  (Jali),  which  proved  an 
excellent  collecting-ground.  I  stayed  at  Patani  for  some  days  longerj 
and  visited  the  very  extensive  saltpans  near  the  river  mouth,  the  Patani 
potteries,  and  the  grave  and  shrine  of  the  celebrated  local  saint  of  Cape 
Fatani,  about  all  of  which  much  information  was  gained.  Of  the  latter 
many  miracles  are  told,  and  his  grave-^/sts  (at  the  head  and  foot)  are 
still  believed  to  make  prophetic  movements,  one  instance  of  which  I  was 
enabled  to  test  on  the  spot.  Two  very  curious  rods,  such  as  are  used  ia 
divination,  were  here  obtained. 
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On  the  36th  I  rejoined  the  rest  of  the  party  at  Biserat,  and  then 
visited  the  magnificent  limestone  caves,  a  very  complete  sollectaon  of 
Those  fauna  was  mode  bj  Mr.  Annandale.  These  caves  included  the  fine 
G{ia  Oambar,  or  Statue  Cave,  which  contains  a  recumbent  figure  of  Buddha, 
nearly  100  feet  long,  as  well  as  a  number  of  other  statues  in  a  sitting 
posture.  Estensive  eoological  and  botanical  collections  were  also  made  at 
Biserat  by  Messrs.  Evans  and  Vaughan.  An  exhibition  of  devil  dancing 
was  here  wilnessed. 

Smallpox  having  now  set  in  badly  and  two  deaths  occorriag  in  the 
village,  collecting  became  more  difBcnlt,  and  presently  the  Bajft  and  his 
household  retired  to  the  hills,  and  many  houses  were  closed  by  means  of  a 
rattan,  carried  round  oateide  the  fence  of  the  compound,  whilst  slipknots 
of  jungle-grass  (lalang)  were  hung  across  the  gate,  and  a  couple  of  stems 
of  a  bitter-tasting  tree,  called  the  Bedara  Pahit,  buried  crosswise  on  the 
threshold. 

One  of  the  annual  ceremonies  for  the  purification  of  a  village  was 
here  witnessed,  and  many  ethnological  specimens  and  much  information 
obtained.  On  June  6  Mr.  Evans  fell  ill,  and  as  he  took  long  to  recover, 
Messrs.  Annandale  and  Yanghan  proceeded  to  Eota  Bham,  in  Kaman, 
whilst  Mr.  Evans  and  I  went  down  to  the  coasL 

After  spending  a  few  days  at  Fatani,  we  went  to  Jambn  in  Jering. 
Here,  too,  I  witnMsed  the  annual  ceremony  for  the  purification  of  the 
village,  at  which  the  launching  of  a  spirit-boat,  about  a  yard  and  a  half 
long,  formed  the  chief  feature.  Before  leaving  Jambu  I  paid  a  fiying 
visit  to  Telaban.  On  returning  to  Fatani  we  were  rejoined  by  Messrs. 
Vaughan  and  Annandale,  and  proceeded  by  the  overland  route  through 
Baman  Ligeb  and  Ulu  Kelanton,  and  up  the  Lebih,  a  tributary  of  which 
stream,  the  Aring,  takes  its  rise  in  the  neighbourhood  of  the  Tahan 
Mountain,  which  it  was  one  of  the  objects  of  the  expedition,  if  pmcti- 
cable,  to  ascend.  The  expedition  therefore  started  from  Biserat  on  July  6, 
and  proceeded  to  Kota  Bharu,  the  chief  town  of  Baman. 

Haltfi  of  some  days'  duration  for  transport  purposes  were  made  at  Kota 
Bharu,  Tremangan,  Belimbing,  and  Aur  Oading  {a  village  below  the 
rapids  on  the  Lebih  river),  hut  on  August  10  the  expedition  reached  the 
village  of  Kuala  Aring,  having  covered  in  thirty-five  days  (only  about  half 
of  wbich  were  spent  in  travelling)  a  distance  of  about  200  miles.  The 
first  eighty  or  ninety  miles  were  performed  on  elephant  back,  the  remainder 
by  means  of  boats  or  bamboo  rafts.  Mr.  Vaughan,  who  had  only  joined 
the  expedition  for  the  first  six  months,  left  us  at  Belimbing. 

At  Kuala  Aring  I  found  the  local  authorities  so  opposed  to  giving 
information  about  the  route  to  the  mountain  that  it  appeared  to  me  safer 
to  try  to  find  the  way  for  myself  than  to  put  the  expedition  at  the 
mercy  of  local  guides.  I  therefore  left  Messrs.  Evans  and  Annandale  at 
the  village,  and  set  out  to  scout  with  two  of  the  Malays  belonging  to  the 
expeditionary  staff  I  decided  to  attempt  the  mountain  from  the  Fahang 
side,  and  ascending  the  Lebih  to  its  headwater  crossed  the  watershed  by 
way  of  Bukit  Batu  Atap,  and  descending  the  tributaries  of  the  Tembeling 
eventually  reached  a  village  called  Kampong  Pagi,  where  I  spent  four  or 
five  days  in  fruitless  attempts  to  obtain  guides  from  the  wild  tribes  in  the 
neighbourhood.  They  were  afraid  to  go,  but  I  obtained  the  services  of 
six  of  the  local  Malays  as  carriers  (two  of  whom  absconded  at  the  end  of 
the  first  day's  march),  and  proceeded  up  the  banks  of  the  Tahan  river 
until  the  foot  of  the  mountain  was  reached.     My  original  plan  was  to 


C^.ooglc 


ON  NATURAL   HISTORY   ANU  ETHNOGRAPHY  OP  MALAY  PENINSULA.     397 

ascend  Bome  of  the  high  crags  in  the  vicinity  of  the  moimtain,  and  thnft 
ascertain  its  locality,  but  at  the  end  of  the  first  week's  march,  finding  that 
we  were  on  what  appeared  to  be  a  spur  of  the  main  range,  I  decided  to 
go  forward  and  ascend  it  as  far  as  circumstances  would  permit.  We 
therefore  climbed  the  range  peak  by  peak,  but  were  at  length  stopped  fay 
a  formidable  subEidence  or  break,  which  forced  us  to  return  on  onr  tracks 
for  a  day's  march  before  we  could  circumvent  it.  Eventually,  after  a 
march  of  about  eleven  days  since  our  entry  into  the  river,  we  reached  the 
highest  point  that  we  could  compass,  aboot  300  feet  to  300  feet  below  the 
peak,  when  we  were  stopped  by  an  overhanging  wall  of  rock  which,  after 
several  attempts,  we  found  ourselves  unable  to  scale  or  circumvent.  We 
got  sight,  however,  here  of  a  hitherto  unrecorded  companion  peak  to  the 
Tahan  Peak,  which  was  identified  as  Gunong  Larong,  or  '  CofGn  Moun- 
tain.' At  this  time  we  had  barely  enough  rice  even  on  short  rations  to 
last  three  days,  and  the  descent,  till  we  reached  the  nearest  hum&n  habita- 
tion, took  five.  Our  difficulties  were  further  increased  by  fog,  rain,  and 
fever. 

The  rains  were  excepticwally  heavy,  the  Tahan  river  being  three  times 
in  fiood  during  our  ascent  of  the  mountain,  and  as  tbey  had  set  in  earlier 
than  usual,  it  appeared,  under  the  ctrcamstances,  aoadvisable  and  unsafe 
to  commit  the  rest  of  the  expedition  to  the  ascent  of  the  mountain. 

Mr.  Annandale  therefore,  who  had  been  waiting  at  Knala  Aring  with 
a  view  to  participating  in  the  ascent  of  the  mountain,  if  practicable, 
returned  to  Enrope,  and  Mr.  Evans  remained  in  camp  with  Mr.  Yapp,  who 
had  arrived  during  my  absence.  Mr.  Laidlaw  accompanied  me  up  the  Aring 
river,  and  there  took  photographs  and  full  measurements  of  several  persons 
belonging  to  the  wild  tribes,  while  a  good  deal  of  information  about  their 
manners  and  customs,  as  well  as  a  vocabulary  of  nearly  600  words,  was 
collected  by  myself. 

On  our  return,  we  all  descended  the  Lebih  on  rafts,  as  far  as  its 
juncture  with  the  Kelantan  river,  and  thence  descended  the  latter  as  tar 
as  Kota  Bharu,  the  capital  of  the  important  East  Coast  State  of  Kelantan, 
and  the  seat  of  its  Raja. 

On  the  way  down  the  river  we  measured  and  photographed  several 
more  Sakeis.  At  Kota  Bham  Messrs.  Laidlaw  and  I  stayed  for  about  a 
month,  Messrs.  Yapp  and  Evans  proceeding  to  Trenggono,  in  order  to  pay 
a  short  visit  to  the  coral  islands  off  that  coast. 

Much  important  ethnological  work  was  done  at  Kota  Bbaril.  lavesti- 
gatioDs  were  conducted  into  Malay  methods  of  industry,  and  a  devil- 
dancing  performance  was  witnessed  by  Mr.  Laidlaw  and  myself  at  wMob 
the  name  of  the  winning  bull  at  a  coming  bnll-fight  was  correctly  pro- 
phesied. Fall  anthropological  measurements  were  taken  by  Mr.  Lai^w 
of  ten  or  twelve  Kelantan  Malays,  notes  made  of  the  colour  of  their  skin, 
eyes,  hair,  Ac,  and  experiments  made  as  to  their  colour  vision. 

On  leaving  Kota  Bharu  we  proceeded  to  Trengganu,  where  we  met 
Messrs.  Evans  and  Yapp,  who  reported  having  had  a  narrow  escape  from 
drowning  off  the  Bedaogs  through  the  swamping  of  their  boat.  Mr. 
Evans  was  unable  to  swim,  but  T  am  thankful  to  say  that  both  he  and 
Mr.  Yapp  succeeded  in  holding  on  to  the  boat  until  they  were  picked  up 
by  acme  Malays,  who  went  to  their  assistance.  They  were  about  half  a 
mile  from  shore  at  the  time. 

At  Trengganu  my  investigation  of  Malay  industries  was  continued, 
and  much  umul  information  obtained.     The  most  interestingwasperhape 
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the  method  of  mauufacturuig  danuwked  krisBea — the  details  of  which  were 
cuefnll;  studied.  MeaBarBments  were  also  taken  of  at  least  ten  of  the 
Trengganu  Malays,  and  full  observations  recorded. 

(hi  leaving  Trengganu,  we  proceeded  to  Singapore,  where  a  few  days 
were  spent,  and  a  visit  paid  to  one  of  the  villages  of  the  *  Orang  Laut '  {the 
old  piratical  stock  of  sea-gipsies,  who  were  once  the  terror  of  the  Straits, 
and  who  were  found  by  Sir  Stamford  Baffles  living  in  their  boats  round 
about  the  island  of  Singapore,  when  it  was  proclaimed  a  British  Colony). 

By  the  first  available  steamer  we  proceeded  to  Penang,  whence  Mr. 
Evans  proceeded  to  Pnlau  Bidan,  an  island  off  the  Kedah  coast,  to  collect 
marine  loological  specimens,  and  Messrs.  Tapp  and  Laidtaw  made  the 
ascent  of  Gunong  laaa  (a  hill,  upwards  of  5,800  feet  high),  in  Ferak,  a 
difficult  trip,  the  Baccesaful  accomplishment  of  which  refiects  credit  on 
Hr.  Yapp,  who,  as  the  senior  member  of  the  staff  after  Mr.  Evans's 
departure,  took  charge  of  the  remuinder  of  the  party  in  my  absence. 
They  both  brought  back  with  them  extengive  collections  (zoological  and 
botanical).  Mr.  Evans  returned  to  Penang  on  Christmaa  Eve,  having 
used  up  the  remainder  of  his  outfit,  and  returned  to  Europe  a  few  days 
later,  having  completed  his  year's  work. 

As  soon  as  I  was  able  to  go  up  country,  I  proceeded  to  Kedah, 
and  there,  after  b  short  escursion  up  the  coast  to  Satal  and  Ferlis, 
made  two  expeditions  into  the  Sakei  country,  near  the  headwaters  of 
the  Mnda.  Here  I  had  the  good  fortune  to  Snd  a  tribe  of  from 
twenty  to  thirty  individuals  living  in  a  long  barrack-like  shelter  of  palm- 
leaves.  From  them,  and  from  a  neighbouring  tribe,  I  obtained  modi 
valuable  information  as  to  their  manners,  customs,  and  iangoage,  as  weJl 
as  full  meoauremente  of  a  few  individuals,  and  some  probably  unique 
phonographic  records  of  their  songs,  which  are  of  an  extremely  simple 
uid  primitive  character.  I  also,  with  difficulty,  procured  the  skeleton  of 
an  adult  male.  In  all  the  States  visited  by  me,  investigations  were  made 
into  the  leading  Malay  industries,  and  much  valuable  material  bearing  on 
ibM  subject  was  collected.  Wherever  possible,  statjatica  were  obtained 
showing  the  extent  and  nature  of  the  development  of  trade  and  the  stage 
of  civilisation  which  had  been  reached  by  the  people.  Many  of  the  leading 
Malay  industries,  such  as  that  of  weaving,  are  being  rapidly  modified 
by  the  introduction  of  European  methods  and  appliances,  and  it  is  now 
the  rarest  and  most  difficult  thing  to  obtain  cloth  actually  made  of  home- 
spun thread,  the  use  of  Singapore  silk  and  aniline  dyes  being  already 
almoBt  everywhere  the  fashion. 

In  addition  to  the  above,  the  departments  of  etlinology  studied 
included  religious  and  medical  ceremonies,  children's  games,  I^ends, 
languages  and  dialects,  under  each  of  which  headings  a  msas  of  material 
was  collected. 


The  Zoology  of  the  Sandwich  Islands. — TeiUh  liaport  of  tlte  Committee, 
consisting  of  Professor  Newton  (Chairman),  Dr.  W.  T.  BtiN- 
FORD,  Professor  S.  J.  Hickson,  Mr.  F.  Du  Cane  Godman,  Mr. 
P.  L.  ScLATER,  Mr.  E.  A.  S.MiTe,  and  Mr.  D.  Sharp  (Secre/ary). 

Tats  Committee  was  appointed  in   1890,  and  has  been  annually  re- 
appointed. 1 
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la  acoord&nce  with  the  intention,  anoonnced  in  the  last  report,  Mr. 
R.  C  L.  Ferkins  has  agAin  been  sent  to  the  islands  by  the  Committee. 
His  departure  from  this  country  was  delayed  for  some  months  by  the  oat' 
break  of  plague  at  Honolulu  ;  but  this  diffionlty  having  disappeared,  he 
is  now  at  work  in  the  island  id  Kmim. 

Pour  parts  of  the  second  volume  of  the' Fauna  Hawaiiensia'  have  been 
published  since  the  last  report.  They  comprise  441  pagea'and  14  plates, 
tbe  subjects  and  authors  being  as  fotlowa  :  '  Orthoptera  and  N'europtera,' 
by  R.  C.  L.  Perkins;  '  Ooleoptera,'  pt.  1,  by  D.  Sharp  and  R.  C.  L. 
Perkins  ;  '  Mollnsca,'  by  E.  R  Sykea  ;  '  Earthworms,'  by  F.  E.  Bedd&rd  ; 
'  EntOEoa,'  k^  A.  K  Shipley. 

Mr.  Perkins  finds  that  great  changes  have  taken  place  in  the  islands 
'during  bis  absence,  and  that  the  forests  are  being  extensively  destooyed 
and  replaced  by  sugar-cane,  this  industry  being  at  present  extremely 
remunerative  there. 

The  Committee  aek  for  reappointment. 


Investigaivms  mads  at  the  Marine  Biological  LabonUory,  PiymmUh. — 
EejMrt  of  the  Gimvmitlee,  amsisting  of  Mr.  G.  C.  BoOHNE  (Ohair- 
man),  Professor  E.  Ray  Lamkester  (Secratory),  Professor  Sydsey 
H.  VmEa,  Mr.  A.  Sedgwick,  ProfeBsor  W.  F.  R.  Wbldon,  and 
Mr.  W.  GARSTiNG. 

Mkssks,  Woodward,  Scott,  and  Brebner  were  prevented  from  visiting 
Plymouth  during  the  past  year.  Several  other  naturalists,  however, 
applied  for  the  use  of  the  British  Association's  table,  and  it  was  accord- 
ingly allotted  to  Mr.  A.  D.  Darbishire,  of  Balliol  College,  Oxford,  for 
investigations  on  the  development  and  natuml  history  of  Pinnotkeres ; 
and  to  Mr,  W.  M.  Aders  for  tbe  collection  and  preparation  of  material 
for  studying  the  spermatogenesis  of  ctelenterates.  Mr.  Darbishire  occu- 
pied the  table  for  six  weeks,  and  Mr.  Aders  for  three  weeks,  during  the 
past  summer,  Mr.  Darbiahiie's  report  to  the  Committee  is  given  below. 
An  application  for  the  use  of  the  table  during  the  month  of  September 
lias  been  received  from  Mr.  R.  C.  Punnett,  B.A.,  in  order  that  ne  may 
•continue  some  investigations  on  which  he  is  at  present  engaged  on  the 
pelvic  plexus  of  elasmobranch  fishes. 

Mr.  Darbiahire'a  BeporU 
My  original  intention  was  to  study  the  life-history  and  habits  of  the 
crab  Pinnotheres,  which  is  a  well-known  inhabitant  of  mantle-cavities  of 
-certain  lamellibranchiate  molluscs ;  but  during  my  visit  to  Plymoath 
no  breeding  females  could  be  found,  and  my  observations  were  limited  to 
the  determination  of  some  new  points  in  the  habits  and  structure  of  the 
male  of  Pinnotherea  pimun.  A  specimen  of  this  was  dredged  in  company 
with  some  Gm-dium  norvegieum,  from  which  it  presumably  came.  The 
habits  of  the  male  were  very  interesting  to  observe  in  view  of  the  seden- 
tary habits  of  the  female.  It  could  swim  forwards  for  a  long  time  and  at 
a  good  speed,  and  with  an  accurate  sense  of  direction.  It  swam  in  a 
manner  hitherto  undescribed  in  crabs  by  rowing  with  its  last  two  pairs  of 
thoracic  legs,  each  of  which  ha«  a  double  row  of  hairs  on  its  posterior 
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edge.  As  the  female  is  said  to  be  blind  I  made  many  experiments  to- 
determine  the  sensitiveness  of  the  male  to  light  lb  was  conclnsively 
shovrn  that  the  male  is  not  only  not  blind,  but  is  extremely  sensitive  to 
light  in  that  it  avoids  extremes  both  of  light  and  daricness,  and  in  an 
area  offering  various  degrees  of  illumination  invariably  takes  Dp  a 
moderately  illuminated  position. 

As  more  specimens  of  Pinnothere*  could  not  be  found,  I  decided  to 
study  the  myology  of  Calaiaiu.  It  would  be  out  of  place  to  give  here  the 
det^s  of  the  musculature  of  this  copepod,  but  it  is  interesting  to  note 
that  the  arrangement  and  comparative  size  of  the  muscles  tend  to  support 
Prof.  MacBride's  recent  statements  as  to  the  movements  of  Calanug  and 
other  copepods,  viz. ,  by  means  of  their  second  antennie  and  pleopoda,  and 
not  by  means  of  their  first  antenns.  I  tried  numerous  methods  for  demon- 
strating the  muscles  by  using  various  stains,  fixing  agents,  and  mounting 
media.  The  moat  sucoeasfnl  was  to  cut  the  animal  in  half  sagittally,  after 
fixation  with  corrosive  sublimate,  stain  in  borax  carmine,  and  mount  in 
glycerine  jelly  (Brady's  solution).  This  shows  the  muscles  of  tlie  trunk 
clearly. 

I  take  this  opportunity  of  thanking  the  British  Assocladon  for  the 
use  of  their  table  at  the  Plymouth  laboratory,  and  Mr.  Garstang  and  Dr. 
Allen  for  their  ever-ready  help  and  s 


Cfyral  Beefs  of  the  Indian  Begvms. — Interim  Report  of  the  Committee, 
eonsitting  of  Mr.  A.  Sedgwick  {Chairman),  Mr.  J.  Graham  Kerb, 
Professor  J.  W.  Judd,  Mr.  J.  J.  Lister,  and  Mr.  S.  F.  Harmeb, 
appoi-nied  to  investigaie  the  Stmelure,  Formatio7i,  and  Oroictk  of 
the  Coral  Reefs  of  the  Indnam,  Region. 

The  Committee  have  received  the  following  report  from  Hr.  J.  Stanley 
Gardiner  : — 

l^e  expedition  under  my  charge  has  been  carrying  out  work  during 
the  last  ei^teen  months  in  tiie  Laccadives,  Maldives,  and  Ceylon. 

During  the  month  of  May  1899  I  toured  throuf^  the  raised  coral- 
reef  areas  of  Ceylon  and  round  the  coast.  In  the  north  of  the  island 
these  form  a  succession  of  higher  and  higher  raised  reefs  down  to  Dam- 
bula,  broken  only  by  isolated  flat-topped  peaks  of  older  rocks,  on  the  mdes 
of  which  the  successive  elevations  are  sometimes  clearly  visible  in  hori- 
zontal lines  of  wave  action.  It  is  only  in  the  topography  of  the  older, 
often  much  dolomitised  country  that  the  previous  existence  of  either 
barrier  or  isolated  reefs  is  indicated.  Hie  greater  part  is  formed  of  a 
mixed  reef  sand,  and  appears  before  elevation  to  have  borne  a  consider- 
able resemblance  to  the  large  mudflats  round  the  islands  of  Vitd  Leva 
and  Vanua  Levu,  in  the  Fiji  group. 

Round  the  coast  of  Ceylon,  especially  to  the  south,  a  recent  elevation 
of  five  to  twenty  feet  was  found  in  broad  flats  by  the  sea.  These  are 
now  invariably  being  washed  away  down  to  the  low-tide  level,  at  which 
they  persist,  to  a  certain  extent,  as  fringing  ree&  of  varying  breadth. 
The  greater  part  of  the  west  and  south  coasts  is  devoid,  however,  of  any 
reef -growths,  the  shore  being  rocky  or  formed  of  fine  ailiceons  sand.  In 
May  1899  the  rocky  shore  near  Bentota  was  seen  to  be  covered  with 
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small  coral  colonies,  which  irere  evidentl;  a  growth  of  the  previous 
nortii-eMt  monsoon.  In  September  these  had  completely  disappeared, 
having  been  washed  away  iu  the  south-west  monsoon.  At  Galle,  Talpe, 
and  Weligama  numerous  recently  living  colonise  of  corals,  particularly 
o£  the  genera  PoriUs  and  Poniluypora,  of  four  to  eight  months'  growth, 
were  found  completely  silted  up  with  sand  and  dirt  of  all  sorts. 

A  noticeable  point  about  the  reefs  immediately  round  Ceylon  is  the 
comparative  absence  of  reef-building  nuliipores,  which  are  a  marked 
feature  of  all  isolated  oceanic  reefs.  In  oonnection  with  this  an  attempt 
was  made  to  examine  the  shoals  two  to  six  miles  off  the  south  and  south- 
west coasts  of  the  island,  which  indicate  with  the  soundings  the  possible 
uf^^wth  of  a  barrier  reef.  The  weather,  however,  at  that  season  was 
so  unfavourable  that  I  was  unable  to  dredge,  land,  or  anchor  on  any. 

Subsequent  visits  to  south  India  and  north  Ceylon  indicated  dearly  a 
former  land  connection  between  the  two.  The  so-called  Adam's  Bridge 
and  the  islands  of  Manaar  and  Bamasserim,  which  the  former  joins, 
appeared  indubitably  to  be  the  remuns  of  a  formerly  elevated  limestone 
dat,  which  has  been  more  or  less  out  down  by  the  sea  to  the  low-tide 
level.  The  coast  lines,  too,  of  Ramasserim  and  to  the  north  of  the  Jaffna 
peninsula  were  also  probably  at  one  time  continuous. 

The  months  of  June,  July,  and  August  1899  were  spent  in  Minikoi, 
an  isolated  atoll,  the  most  southern  of  the  Laccadive  group.  Here  I 
was  accompanied  by  Mr.  Xi.  A.  Borrodaile,  who  proposed  to  study  various 
points  connected  with  the  Crustacea  and  Chetopoda.  Unfortunately  Mr. 
Borrodaile,  who  had  been  collecting  these  forms  in  Ceylon,  almost  at 
once  succumbed  to  the  climate,  and  after  five  weeks  returned  to  Ceylon, 
whenoe  he  was  at  once  ordered  home.  Every  part  of  the  island  was 
visited  :  a  survey  was  made  and  numerous  cross -sections  were  run. 
From  these  it  was  clear  that  there  had  been  an  elevation  of  the  original 
reefs  to  a  height  of  at  least  twenty-five  feet  above  low-tide  level. 
Numerous  observations  were  made  on  the  currents  at  different  depths 
within  the  lagoon  in  reference  to  its  shoals,  ix.  Work  on  this  point 
could  seldom  be  carried  on  outside  the  reefs,  as  originally  intended, 
owing  to  the  heavy  north-westerly  winds  which  prevailed.  The  lagoon 
was  dredged  to  ascertain  the  distribution  of  its  corals,  and  a  few  water 
samples  and  temperature  observations  were  taken. 

Considerable  attention  was  paid  at  Minikoi  to  the  sand-feeding  organ- 
isms, especially  Holothoriie,  Enteropneusta,  and  Sipnnculida.  These  forma 
appear  to  be  largely  instrumental  in  finely  triturating  the  sand,  the  small 
particles  being  subsequently  carried  out  of  the  lagoon  in  a  state  of  suspen- 
sion. The  boring  organisms,  too,  are  very  important  in  causing  the  decay 
of  dead  coral  and  rook,  especially  in  the  lagoon.  These,  accordingly, 
do  not  form  points  of  attachment  for  fresh  reef-growths  to  arise,  and 
owing  to  the  larger  surface  exposed  are  the  more  readily  dissolved  by  the 
water.  Indeed  all  evidence  collected  showed  that  the  lagoons  of  atolls 
ma;  be,  and  are,  very  generally  formed  by  the  solution  of  the  central 
rock  of  originally  more  or  less  flat  ree&. 

In  October  1899  I  left  for  the  Maldivc  group,  to  which  I  was  accom- 
panied by  Mr.  Forster  Cooper,  who  assisted  me  in  alt  the  work  and  very 
largely  took  charge  of  the  dredging.  The  Sultan  lent  us  a  schooner  of 
about  eighteen  tons,  which  we  at  once  fitted  out  in  Male,  subsequently 
cruising  through  the  northern  atolls  during  the  months  of  November, 
December,  and  part  of  January.     About  a  hundred  islands  in  the  atolls 
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of  Goifurfehendu  (Hor«burgh),  S.  M&hloB,  N.  M&hloB,  N.  Uiladainmaduln, 
S.  MUadummodulu,  Fadiffolu.  and  M&le  were  visited.  Kumerons  sound- 
ings were  made  and  dredgings  everywhere  taken.  Horsburgh  Atoll  and 
the  two  atolls  of  Mahlos  Madulu  in  particular  were  thoroughly  worked 
over. 

Part«  of  January  and  February  1900  were  spent  at  Hulule,  a  small 
island  at  the  south-east  corner  of  Male  Atoll,  this  being  the  month  of 
Ramazan.  A  thorough  survey  of  this  island  and  its  reefs  was  mnde,  the 
whole  forming  an  atoll  of  the  second  order,  an  atoUon  on  the  rim  of  an 
atoll.  Large  collections  were  obtained  of  the  fauna  of  this  atoUon  from  all 
depths,  together  with  observations  on  many  special  points.  A  set  of 
corals  of  known  period  of  growth  was  collected  from  an  artificial  passage 
through  the  reef  to  the  landing-place  of  the  island. 

In  February  Mr.  Forster  Cooper  took  the  schooner  off  for  a  short 
dredging  cruise  in  Male  Atoll,  whUe  I  remained  in  Male  making  special 
observations  on  the  water  temperature,  currents,  food,  Ac. 

In  ALarch  I  was  unfortunately  obliged,  owing  to  illness,  to  return  to 
Ceylon,  where  I  spent  some  time  in  hospital.  Mr.  Forster  Cooper  mean- 
time continued  the  work,  taking  the  schooner  and  dredging  the  atolls  of 
S.  Male,  Felidu,  Mulaku,  Kolumadulu,  and  Haddumati. 

In  April  I  returned  with  the  a.a.  fleafaee,  a  vessel  of  about  350  tons, 
which  I  had  chartered.  Mr.  Forster  Cooper  was  relieved  in  Haddumati 
Atoll  and  joined  the  steamer,  the  schooner  being  sent  back  to  Male.  We 
then  proceeded  to  Huvadu  (Suvadiva)  Atoll,  which  we  entered  by  a 
northern,  passage.  The  lagoon  to  the  east  was  dredged  and  sounded,  the 
positions  of  ialcutds  and  reefs  observed,  and  four  islands  visited.  A  move 
was  then  made  to  Addu  Atoll,  the  outer  slopes  of  which  and  also  the 
lagoon  were  dredged  and  sounded.  The  islands  were  charted  in  with  the 
assistance  of  Captain  Molony,  and  the  majority  were  visited  by  some 
member  of  the  party.  On  returning  to  Suvadiva  the  south  and  west  sides 
of  that  atoll  were  dredged.  On  account  of  the  heavy  weather  we  were 
prevented  from  seeing  Mulaku,  which  we  had  especially  desired  to  visit. 

Proceeding  north  to  Male  we  skirted  Haddumati  Atoll  and  crossed 
Kolumadulu,  then  vimted  and  dredged  8.  and  N.  Nilandu  Atolls,  sub- 
sequently anchoring  in  Felidu  and  Ari.  The  passages  were  sounded 
between  the  following  atolls  :  Kolumadulu  and  S,  Nilandu,  S.  and  N. 
Nitandu,  Mulaku  and  Wattaru,  Wattaru  and  Felidu,  S.  Nilandu  and 
Ari,  S.  and  N.  Male.  Three  further  luies  of  soundings  were  run  across 
the  central  basin  between  the  east  and  west  lines  of  atolls. 

More  than  three  hundred  dredgings  were  taken,  and  in  addition  large 
and,  we  believe,  very  complete  collections  were  made  of  the  reef-fauna  at 
Minikoi  and  Hulule,  four  natives  at  least  always  accompanying  and 
assisting  us  in  this  work.  The  collections  of  land-fauna  we  believe  to 
be  equf^ly  complete  from  these  islands.  Collections  of  the  plants  of 
five  separate  Maldivan  islands  are  now  in  the  hands  of  Mr.  J.  C.  Willis, 
Feradeniya  Gardens,  Ceylon. 

A  large  number  of  anthropological  measurements  and  considerable 
ethnological  collections  were  procured,  of  which  we  hope  to  give  the  Asso- 
ciation an  account  at  some  subsequent  meeting.  • 
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Bird  Migration  in  Qreai  Briiam  a-ad  IreluiuL — Third  Interim  Report 
of  the  Committee,  comistimj  of  Professor  NbwtoN  (Chairman), 
Rev.  E.  P.  Kno'bley  (Secretary),  Mr.  John  A.  Harvie-Broht*, 
Mr.  R.  M.  Eabrisgton,  Dr.  H.  O,  Forbes,  and  Mr.  A.  H.  Evans, 
appointed  to  work. out  the  details  of  the  Observations  of  Migratimi 
of  Birds  at  Lighthouses  and  Lightships,  1880-87. 

Refbrbino  to  ite  laterim  Report  of  last  year  your  Committee  ha^  the 
satisfaction  of  stating  that  Mr.  Willi&m  Eagle  Clarke,  of  the  Huseum  of 
Science  and  Art  in  Edinburgh,  has  been  diligently  continuing  the 
laborious  task  he  undertook  of  working  out  the  details  of  the  collected 
observations  in  accordance  with  the  scheme  indicated  in  the  Report  made 
at  Brifitol  in  1898,  and  has  fui-nished  your  Committee  with  the  following 
Statement,  together  with  a  Summary  of  the  observations  as  regards 
(I.)  the  Song-Thrush  (Turdus  musicus)  and  (U.)  the  White  Wagtail 
{MotaeUla  alba),  which  throws  such  a  light  on  the  Natural  History  and 
eBpecially  the  movements  of  those  two  species  as  has  never  been  possessed 

Your  Comraittee  feeb  that  a  great  debt  of  gratitude  is  due  to  Mr. 
Clarke  for  the  courage  and  perGeverance  which  he  has  shown  in  grappling 
with  the  enormous  mass  of  statistics  necessary  to  aSbrd  the  results  so 
lucidly  and  concisely  summed  up  by  him.  Your  Committee  trusts  that 
its  feeling  may  be  shared  by  the  Association  generally,  and  that  as  a 
consequence  a  grant  of  money  may  be  renewed,  if  only  to  defray  the 
outlay  which  is  involved  by  the  prosecution  of  Mr.  Clarke's  labours. 
Remuneration  for  his  invaluable  services,  which  the  Association  will 
remark  he  is  willing  to  continue,  is  unfortunately  not  to  be  thought  of. 

In  its  Report  last  year  your  Committee  mentioned  that  one  of  its 
members  (Mr.  R.  M.  Barrington)  was  printing  the  results  obtained  from 
the  Irish  Lights,  continued  on  his  own  account  since  1887.  That  gentle- 
man has  since  prepared  for  publication,  at  the  cost  of  a  stupendous  amount 
of  labour,  an  Anfjysis  of  these  results,  which  he  hopes  will  appear  before 
the' end  of  the  year,  and  your  Committee  desires  to  call  early  attention  to 
what  cannot  fail  to  be  one  of  the  most  important  contributions  to  the 
study  of  Bird  Migration  ever  made. 

Your  Committee  respectfully  requests  reappointment. 


Slatetnent  furniglied  to  the  Committee. 
By  Wm.  Eaglk  Ci..\kke. 

The  extraction  of  the  records  of  occum  nces  of  birds  in  Great  iJritaiii 
and  Ireland,  culled  from  the  voluminous  periodical  and  other  literature 
published  during  the  period  covered  by  the  inquiry,  1880-1887  inclusive, 
lias  at  length  been  completed,  and  has  resulted  in  many  thousands  of 
useful  and  important  observations  relating  to  the  movements  and  occur- 
rences of  birds  in  both  maritime  and  inland  localities  being  added  to  the 
data  amassed  by  the  Committee. 

This  additional  information  includes  not  only  a  set  of  valuable  records 
for  the  inland  counties  of  Great  Britain  and  Ireland,  which  was  a  great 
desideratum,  but  also  comprises  data  relating  to  the  occurrence  of  a  con- 
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ndemble  number  of  rare  and  critical  species  made  by  ornithologists — data, 
in  fact,  that  it  was  impossible  to  obtain  from  the  light-keepers,  whose 
knowledge  of  birds  is,  natnrally,  limited. 

Since  the  year  1891  Air.  Harvie-Brown  and  myself  with  the  'rained 
assistance  of  Mr.  Lionel  W.  Hinxman  and  Mr.  T.  G.  Laidlaw,  have 
prosecuted  an  inquiry  into  the  moTementa  of  birds  in  Scotland,  and  tiie 
inveetigations  are  still  proceeding.^  In  addition  to  the  observen  at  the 
light-stations,  we  have  enlisted  the  services  of  a  number  of  ornithologists. 
This  again  has  resulted  in  the  acquisition  of  much  useful  supplemen- 
tary information. 

Kow  that  the  data  have  been  made  as  complete  as  possible,  the  time 
has  arrived  when,  for  the  first  time  in  the  annals  of  British  Ornithology, 
it  is  possible  to  write  an  authoritative  history  of  the  migrations  of  each 
British  bird,  for  few  indeed  among  our  native  species  are  entirely 
sedentary. 

This  is  the  task  I  now  propose,  with  the  approval  of  the  Committee 
and  of  the  British  Association,  to  undertake. 

I  submit  herewith  a  Summary  of  Details  of  the  various  migratory 
movements  of  two  species — (I.)  the  Song- Thrush  (Turdtis  muncus)  and 
(II.)  the  White  Wagtail  {MotaciUa  aiba) — as  examples  of  my  method  <f 
treatment. 

Sitmvutty  of  Detaih. 
I.  i%»^7'i4ru«A  (Turdus  musicus). 

JiUroduelory. — The  Song-Thrush  furnishes  us  with  a  most  excellent 
example  of  the  complex  nature  of  the  phenomena  of  bird  migration  as 
observed  in  Great  Britain  and  Ireland. 

The  various  movements  of  this  species  cover  a  period  of  nearly  ten 
months  of  the  year,  June  indeed  being  the  only  month  in  which  the  Thrush 
-  does  not  figure  as  a  migrant  in  the  records  amassed  by  the  Committee. 

During  this  period  it  plays  a  varied  n5fe  as  a  migratory  bird,  being  a 
Bummer  visitant,  a  bird  of  passage  in  spring  and  antnmn,  a  winter 
visitant,  a  winter  emigrant,  and  lastly,  it  is  chiefly  to  be  regarded  as  a 
rare  casual  visitor  to  the  most  northerly  of  the  British  Tales,  namely,  the 
Shetlands. 

In  addition,  the  Thrush  is  a  permanent  resident  in  certain  district, 
more  especially  in  the  gardens  and  immediate  neighbourhood  of  cities  and 
towns,  where  even  in  Scotland  a  number  remain  throughout  the  year. 
Such  residents,  however,  probably  form  the  minority  of  our  British 
Thrushes. 

Autumn  Emiffralion  of  Sumvier  Fwttors.— At  theend  of  summer^  and 
in  the  early  autumn  a  considerable  number  of  the  Thrushes  which  have 
reared  their  broods  with  us,  especially  those  which  inhabit  the  elevated 
districts,  emigrate  towards  the  south.' 

'  The  BepoitA  appeared  in  the  Annali  of  Seottith  SatuTol  Hittaiy  for  1S9S, 
pp.  147-164;  1894,  pp.  H6-163 ;  1895.  pp-  207-220;  1896,  pp.  1S7-148;  1897, 
pp,  137-161;  1898,  pp.  200-217  ;  1899,  pp.  140-lBS;  1900,  pp.  70-87. 

'  On  Joiy  8,  1682.  Bve  Thnishefl  struck  the  lantern  at  Slyne  Head  Ligbthoase 
(wMt  coast  of  Ireland),  one  of  which  was  killed.  In  1886,  on  July  3  and  II,  set«ral 
Thrnshea  ute  recorded  at  the  Inner  Forne.  On  all  these  occaaioiiB  the  weather  ms 
vei?  unsettled,  and  thunder  prevailed. 

■  Ut.  T.  G.  lAidlaw,  whose  home  in  PeebleMhire  lien  90O  feet  above  the  lea. 
Informs  me  that  the  ihnufaes  leave  that  district  >to  a  bird'in  the  antnmn, and 
retarn  dnring  the  early  months  of  the  year. 
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Some  of  these  may  not  proceed  at  once  beyond  our  Bontheni  couoties, 
where  the  length  of  their  sojoom  ia  determined  by  the  climatic  con- 
ditions of  the  aeftson  ;  others  depart  forthwith  for  more  southern  regions 
beyond  our  limits. 

Throughout  August,  but  chiefly  towards  the  end  of  the  month,  there 
ore  clear  indications  at  the  light-stations  that  Thrushes  ore  quietly 
Bli{^>ing  away  from  Britain.  There  ore  no  marked  movements  recorded 
U>r  this  month,  bnt  there  is  unmistakable  evidence  that  a  gradual  and 
steady  emigration  is  in  progress  on  all  the  coasts  of  Britain.  From  the 
Irish  coasts,  however,  tbis  happens  only  rarely  during  August,  the  birds 
usually  departing  later  in  the  season.  These  earliest  emigrants  are  gene- 
rally observed  in  small  numbers,  and  either  alone  or  occasionally  in 
company  with  'Warblers  ; '  sometimes  a  few  are  killed  at  the  lanterns.' 

In  September  and  October  the  emigratory  movements  ore  more 
general  and  more  pronounced  in  their  nature ;  but  it  is  not  until  the 
weather  breaks  up  in  the  latter  month  that  any  '  rush '  is  recorded. 
Ihiring  these  months,  especially  in  September,  the  Thrush  departs  in 
company  with  various  species  of  summer  birds,  and  its  emigrations  are 
reoorded  from  all  sections  of  the  Britdsh  and  the  east  and  sonukcm  coasts 
of  Ireland.  The  Thrush  is,  however,  emigratoty  to  a  l«BGer  degree  in  the 
Sister  Isle  than  in  Britain. 

In  October  the  migratory  movements  of  the  Thrush  are  often  of  a  very 
complex  nature,  and  are  difficult  to  interpret.  The  most  complicated 
movements  are  those  during  which  emigration,  immigration,  and  passage 
are  in  progress  (dmultaneoualy,  a  phenomenon  which  sometimes  happens 
nnder  pecdiar  weather  conditions.* 

later  in  the  year  the  emigratory  movements,  which  doubtless  include 
many  of  the  recently  arrived  immigrants  from  the  north  of  Eorope,  are 
dependent  on  and  synchronous  with  more  or  less  severe  weather  con- 
ditions, and  these  will  be  duly  treated  of  in  the  proper  place. 

Autumn  Immigration  and  Pattage, — Tliere  is  no  evidence  whatever  of 
tlie  appearance  of  the  Thrush  upon  our  shores,  as  an  immigrant  from 
North-western  Europe,  until  the  end  of  the  third  or  the  beginning  of  the 
fourth  week  of  September,  when  it  arrives  with  great  regularity*  in 
company  with  the  first  Redwings  (Turdtw  iliaeug) ;  occasionally  Bed- 
breasts  (ErilJiactta  mJ>eeula),  Goldcrests  {BegvZnt  eritlatu»),  Woodcock 
g'eohpax  riMlicttJa),  Jack  Snipe  (Gailinago  galUnula),  and  Short-eared 
wis  {A»io  aeeipUrxntu)  are  observed  at  the  same  time.* 

The  immigrations  continue  during  October,  during  which  month  there 
are  lulls,  followed  usually  by  two  very  pronounced  '  rushes '  to  our  shores, 
when  for  several  successive  nights  Thrushes  pour  in  upon  our  eastern  sea- 
board in  vast  numbers.  These  '  rushes '  occur  as  a  rule  (1)  about  the 
middle  of  the  month,  and  (2)  again  during  its  fourth  week. 

^ese  immigratory  movements  are  confined  to  the  east  coast  of 
Britain,  from  l^e  Orkneys  to  Norfolk.     North  Bonaldshay,  the  most 

1  Ab  early  as  August  1, 1884,  six  Tbmsbes  strock  tbe  lauteni  of  Dhuheortaoh 
Bock  Ugbthonse,  two  being  killed. 

■  See  '  Digest  of  ObseivatJona,'  Brit.  Atioa.  Sep.,  1S96,  p.  171. 

•  On  September  21  in  1881.  1882,  1888,  and  ISST. 

*  Piofeuor  CoQett,  Ovartigt  of  CKnAiajiia  <ym«gn»  omithitlofitlu  Fmmo,  p.  27, 
says  tliat  the  Thmsb  departs  from  the  Chnstionla  district  during  September,  and 
CMitinnee  to  do  so  nntU  the  first  days  of  November.  StatisHes  for  S.W.  Norway 
would  be  preferable,  as  b^ng  mom  intiauitel;  associated  witb  those  f  ot  Great  Britain, 
bnt  nnfoirliuuilel7  tbey  do  not  ^pear  to  bo  available. 
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north-easterly  of  the  Orknc js,  »Dd  the  extreme  aouthem  portion  of  tJ» 
main  blajid  of  Shetland  are  annu&llj  visited,  but  these  stations  mark  ihe 
northern  limit  of  the  Thrush's  regvlar  diatribution  during  migration  in 
Britain,  for  the  bird  is  recorded  very  rarely  further  north,  and  is  practi- 
cally unknown  in  Unst.  The  Thrush's  travelling  companions  are  chiefly 
its  congeners  the  Redwing  {Turdua  iliacua),  Fieldfare  {T.  pilarig),  Ring 
Ousel  {T.  torqvatna),  and  Blnckbird  (!'.  tnerula)  ;  and  also  tlie  Brambling 
(Fringilla  tnonlifringilla),  Goldcrest  (Regvlua  enttatua),  Bedbnast 
{Erilhaeua  rubf.euld),  Woodcock  (Scolopax  rustioula),  4c.' 

Along  with  these  species  many  Thrushes  perish  at  the  lanterns  of  ^e 
lighthouses  and  light- vessels,  especially  when  the  night  is  hazy,  with  light 

Unlike  its  congeners  just  named,  it  is  somewhat  remarkable  tiiat  the 
Thrush  does  not  occur  as  an  immigrant  in  numbers  in  November.  The 
immigration  of  .the  Thrush  practically  ceases  with  the  great  arrivals  which 
characterise  the  latter  half  of  October,  though  stragglers  do  arrive  up  to 
the  mid^Ue  of  November.  After  this  the  autumn  immigration  of  the 
Thrush  entirely  ceases.  Many  of  the  immigrants  upon  arrival  proceed 
south,  as  birds  of  passage,  along  our  eastern  and  southern  coasts,  and 
finally  quit  our  shores,  the  majority  to  seek  more  southern  lands,  others 
to  cut  across  St.  George's  Channel  to  winter  in  Ireland.  Others,  again, 
remain  as  winter  visitors,  and  work  their  way  to  Western  Britain  *  and 
Ireland  after  an  overland  passage.  Many  of  the  birds,  however,  quit  our 
islands,  after  a  longer  or  shorter  sojourn,  under  the  pressure  of  severe 
weather  conditions.^ 

Winter  Movement*. — The  great  emigratory  movements  of  the  winter 
commence  in  October,*  and  are  continued  during  November,  December, 
January,  and  February.'^  They  are  synchronous  with  outbursts  of  cold, 
snow,  or  of  extremely  unsettled  weather.  Such  untoward  conditions 
may  prevail  generally  over  our  islands,  or  they  may  be  circumscribed ; 
and  their  influence  on  the  emigrations  of  the  Thrush  is  in  more  or  less 
direct  consonance  with  their  distribution. 

In  genial  months  little  or  nothing  is  recorded.  In  others  the  few 
local  movements  are  traceable  to  topical  weather  conditions.  But  sooner 
or  later  during  each  season  great  outpourings  take  place,  often  extending 
over  several  successive  days  and  nights  and  affecting  all  oar  coasts.  The 
Thrushes  afiected  are  not  merely  our  would-be  resident  birds,  but  a  very 

'  For  the  weather  conditions  ccDtrollIng  the  movements  of  the  British  »DtiimD 
immigrsDto,  see  the  >  Digest  of  Obgcrratione.'  BHt.  Auoe.  Jiep.,  1896,  pp.  469-471. 

'  The  Tbmsh  is  a  winter  visitor  only  to  certain  isles  off  our  westeia  coasts,  among 
others  Tiree  in  the  Inner  Hebrides'.  Fiom  careful  obeerratioos  made  on  that  tBtasd 
by  Mr.  Peter  Anderson,  we  leain  that  this  bird  makes  its  flrat  appeannce  there  for 
the  winter  on  dates  varying  from  October  i  to  30,  some  consideiBble  time  after  its 
first  aiiival  on  oui  shores. 

*  It  has  been  stated  that  a  small  dark  rsoe  of  the  Thrush  ocean  on  passage  on 
the  east  coast  of  Englsjid.  These  biids  are  supposed  to  be  of  Bebridean  origin. 
I  have  never  seen  specimens  of  such  a  lace,  and  I  do  not  believe  tbat  they  can  bxn 
found  their  way  to  onr  eastern  coast  from  the  Hebrides.  I  have  examined  a  number 
of  Thrushes  fnun  Bana  in  the  Outer  Hebrides,  wliere  tlie  bird  is  a  resident,  and  do 
not  And  them  to  differ  either  in  size  or  colour  fa'om  the  ordinary  mainland  form. 

*  In  18B6,  as  early  ai  Octol>er  4  and  6,  there  were  great  emigratoiy  moTementson 
all  oar  coasts,  due  to  extremely  unsettled  weather,  with  thunder  in  the  N.  and  N.W., 
accompanied  on  the  5tb  by  a  great  fall  of  temperature — a  ftUl  of  fifteen  degrees  below 
that  of  the  previous  day. 

'  There  are  also  movements  during  March  in  some  years ;  but  they  are  of  a  local 
nature,  and  are  not  to  be  regarded  as  emigratory.  _,  . 
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large  proportion  of  them  ara  no  donbt  the  inunigrants  lately  arrived  from 
the  north,  which,  u  winter  visitors  to  onr  islands,  reniain  until  compelled 
to  move  further  south  or  west. 

The  first  move  on  these  occasions  is  to  the  coast,  where  some  tarry, 
and  even  remain  to  perish  ;  while  others  pasa  down  both  the  east  and 
west  coasts  of  Great  Britain,  many  of  those  following  the  former  route, 
sweeping  along  the  south  coast  westward,  and  crossing  the  Chanuel  for 
the  Continent,  Many  again  seek  Ireland,  from  which,  however,  emigra- 
tions are  also  recorded. 

Should  the  cold  spell  he  of  great  severity,  or  be  nnduly  prolonged  and 
widespread,  then  a  still  further  exodus  takes  place  (observed  chiefly  on 
the  west  coast  of  Great  Britain  and  east  coast  of  Ireland),  and  many 
perish  even  in  such  usually  safe  retreats  as  the  Soilly  Isles,  and  at 
Valentia,  or  other  isles  off  the  west  coast  of  Ireland,  which  ai-e  largely 
sought  on  such  occasions.  No  doubt,  too,  many  of  these  emigrants  perish 
in  their  continental  haunts,  for  after  winters  of  almost  arctic  severity, 
such  as  that  of  18S0-81,'  the  Thrush  was  conspicuous  by  its  absence,  or  by 
its  rarity,  in  most  districts  in  our  islands.^ 

Spring  /mmi^rcUion.-^ Among  the  voluminous  records  relating  to  the 
movements  of  this  species  during  February,  there  are  many  which  clearly 
indicate  that  the  Thrushes  which  left  us  in  the  early  autumn  to  winter  in 
countries  to  the  south  of  us  commence  their  return  to  our  islands  for  the 
spring  and  summer. 

These  immigrations  are  performed  by  small  partiesduring  mild  periods 
of  the  month,  and  are  chiefly  observed  on  the  southern  coasts  of  Ihigland 
and  Ireland. 

Such  return  movements  are  continued  during  the  first  half  of  March, 
when  immigrant  Thrushes,  in  company  with  Blackbirds  (Tttrdua  tnemla), 
I^rks  {Alauda  arvenrU),  Pipits  (Antkut  preUertMs),  Starlings  {Stumui  vul- 
garia),  Lapwings  {  Vanellus  vulgaris),  and  Curlews  (Niimeniua  carquata),  are 
recorded  from  the  south  coast  of  England  northwards  to  the  Western 
Isles  of  Scotland,  and  from  the  south  and  south-east  coast  of  Ireland. 

The  arrivals  on  the  south  coast  of  England  take  place  during  the  night 
or  early  morning.  In  Ireland  they  are  recorded  for  both  the  hours  of 
darkness  and  during  the  daytime,  and  the  birds  are  noted  as  proceeding 
in  a  north-westerly  direction  at  the  south-east  stations. 

In  most  instances  the  return  ia  a  gradual  one,  performed  by  smdl 
companies,  and  at  intervals,  but  occasionally  in  March  in  'rushes'  with 
the  other  species  already  mentioned. 

SprtTig  Emigration.  ~Tov/a.TiB  the  end  of  March  the  Thruiheo  which 
have  wintered  in  Tiree  and  other  western  islands  off  the  coasts  of  Scot- 
land and  in  Ireland  are  recorded  as  taking  their  departure. 

It  is  not,  however,  until  April  that  the  spring  emigratory  movements 
from  the  mainland  of  Britain  set  in.  Then  the  birds  which  have 
wintered  in  our  islands  leave  our  shores  to  return  to  their  summer 
haunts  in  Northern  Europe.' 

Throughout  April,  but  chiefly  during  the  first  three  weeks  of  the 

'  During  this  winter  twenty  daya  of  baid  frost  and  sixteen  days  of  deep  snow 
prevailed  on  tbe  west  coast  of  Ireland,     It  was  mncb  more  severe  elsewhere. 

*  Other  severe  seaaons  covered  by  tbe  inqairy,  dnili^  which  great  move- 
ments  and  mnch  mortality  amoi^  oar  Thrushes  are  recorded,  are  those  o}lSB6-6and 
I8S7.  The  first  half  of  March,  18S6,  was  remarkably  severe,  and  many  Xhmshes 
perished  even  in  oar  southern  counties. 

*  In  ISBE,  on  Maioh  28  aad  29,  a  few  Thmahes  in  company  with  Bla<A:bIids  ap- 
l>eared  at  North  Bonaldabay,  tbe  most  nortb-eaoterly  lalaud  of  the  Orkneys,    ^  I C 
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iiiODth,  the  emigratoty  movements  of  the  Thrush  &re  pronotinced,  and  are 
almost  entirely  confinod  to  the  northeast  coftst  of  England  and  to  the 
eastern  and  northern  stations  of  Scotland.  Some  movementa  are  also  in 
evidence  on  the  west  coast  of  Britain,  where  the  birds  departing  from 
Ireland  and  the  Hebridean  Islands  are  observed. ' 

Ou  these  occasions  the  Thrash  is  noted  as  emigrating  in  company  vitii 
SlhckhirdB (Turdiu mervia),  Fieldfares  (T.pUaria),  Bedwings  (?'.  iliaeut), 
and  Redbreasts  (Eriihaeue  rubemla). 

During  April  the  British  emigratory  movements  doubtless  become 
merged  with  those  of  the  Thrushes  which  are  on  passage  along  our  coast- 
line, proceeding  from  their  more  southern  winter  to  their  more  northern 
summer  quarters. 

S}fnng  Birds  ofPtuaage. — The  first  nndoubt«d  appearance  of  the  Thrush 
BB  a  bird  of  passage  takes  place  at  the  end  of  Msrch,  when  the  birds  which 
have  wintered  in  South-weetem  Europe,  and  are  en  route  for  breeding 
quarters  to  the  aorth  of  our  isles,  arrive  on  the  south  coast  of  England  in 
company  with  Blackbirds  (Z'unius  menda).  Fieldfares  ( 7*.  pt/orw).  Redwings 
(T.  iliacits),  Wheatears  (Saxieola  cewmUke),  'Warblers'  (Sylviida),  Larhs 
(Alauda  arvemis).  Starlings  (Stvmna  vtUgaru),  and,  occuionaUy,  Wood- 
cocks {Seolopax  rv^tieitla). 

These  early  arrivals  do  not  appear  to  proceed  to  N  orth- Western  Eur^^ie 
inslanter,^  for,  as  we  have  stated,  there  are  no  March  emigrations.  T^e 
passage  continues  throttgliout  April,  when  the  voyat/etu-t  pass  northwards 
along  our  eastern  seaboard,  where  they  are  joiaed  by  many  of  our  British 
emigrants  of  the  same  species ;  and  it  ia  often  a  matter  of  difficulty  to 
distdnguish  between  these  classes  of  migrants  during  certain  movements 
in  April. 

In  the  years  1881, 1883,  and  1885  there  were  a  few  movements  which 
carry  the  date  of  passage  into  May,  the  10th  of  that  month  being  the 
latest  date  on  which  the  northern  migration  of  tlie  Thrush  is  recorded.' 

Such  is  the  history  of  the  Song-Thrush  as  a  British  migratory  bird, 

when  the  tangled  skein  of  its  various  movements  has  been  reduced  to  order 

'irought       -  •    ■    > 

Then 

1.  That  many  Thrushes  leave  us  at  the  end  of  summer  and  during  the 
autumn,  indicating  that  a  very  considerable  number  are  summer  visitors 
to  our  islands  ; 

2.  That  the  first  immigrant  Thrashes — winter  visitors  and  birds  of 
passage— appear  on  our  shores  from  the  N.E.  during  the  latter  days  of 
September ; 

'  FrofesBor  CoUett,  Overtigt  t^  Ckrittiaiiia  Omegnt  ormtboUgitke  Fmuia,  p.  Eti. 
gives  from  the  earl;  to  the  last  dafs  of  April  as  the  period  for  Uie  Thrush's  anival 
in  aprlDg  in  the  Christiania  diitriot. 

<  From  March  19  to  20,  1890,  the  Bcv.  O.  Pickard-Cam bridge,  F.B.S.,  records  an 
increasing  number  of  Thrushes  aroimd  his  rectory  at  Wareham,  on  the  coast  of  Dorset. 
On  the  26th  the  load  was  fairly  covered  with  them,  and  there  miiat  have  been  300  or 
more  in  one  field.  On  the  26th  there  were  even  more.  On  tJie  27th  there  were  fewer, 
and  by  the  evening  of  the  2Rth  all  bad  departed.     Zool.,  1898,  p.  S64. 

*  1881,  Mays,  Inner  Fame,  Thrashes  at.  lantern  with  blackbirds  ^TtirJiuawniJii} 
and  Ring  Ousels  (7.  torguatiit').  1883,  Hay  3  and  10,  at  some  station,  in  compuij' 
with  the  same  ipecies;  Hay  7.  Flamborough  Head,  foar  killed.  1886,  May  2, 3, 6,  and  6, 
PenUand  Skerries,  with  RingOnsels  ^7.  tarquattu).  Fieldfares  (r.jMiarti),  and  Red- 
breasts iHritluufut  n^eula);  Bth  and  8lh,  lale  of  May,  several  with  •  Warblers' 
(BfUnida).  Rod-backed  Shrike  (Laniv4  cnttvria),  and  RaS  (Maekettt pvgitax'i. 
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3.  That  the  great  autumn  iinmigrati<mB  from  the  Contineiit  cease  with 
the  month  of  October,  or  considetablj  earlier  than  those  of  the  Thrush's 
migratory  congeners ; 

4.  That  winter  emigratory  rooTements,  due  to  climatic  pressure,  set  in 
with  the  first  severe  weather  and  recur  with  each  outburst,  but  in  gradu- 
ally diminishing  volume  ; 

5.  That  the  return  spring  immigratory  movement  of  British  and  Irish 
Thrushes — summer  visitors —from  Southern  Europe,  commences  in 
February  and  continues  until  the  middle  of  March  ; 

6.  That  the  spring  emigratory  movements— the  departures  of  winter 
visitors  from  Britain — for  Northern  Europe  set  in  and  are  continued 
throughout  April ; 

7.  That  the  spring  birds  of  passage  arrive  upon  our  shores  from 
SouUiem  Europe  late  in  March,  and  that  the  passage  proceeds  during 
April,  and,  in  some  years,  extends  to  the  early  days  of  May  ; 

8.  That  the  Thrush  occurs  annually  on  the  Briti^  shores  from 
Southern  Shetland  and  North  Eonaldshay  southwards,  and  that  these 
stations  mark  the  northern  limit  of  the  bird's  regular  distribution  as  a 
migrant  in  Britain  ; 

9.  That  migrants  to  and  from  North-western  Europe  arrive  on,  and 
depart  from,  our  north-eastern  and  northern  coasts,  and  that  many  birds 
of  passage  among  them  traverse  our  eastern  and  southern  coasts  on 
proceeding  to  their  winter  quarters  (Continental  and  Irish)  in  the 
autumn  and  on  their  return  in  the  spring  ; 

10.  Huit  the  autumn  immigrants  which  winter  with  us  reach  Western 
Britain  and,  to  a  certain  extent,  Ireland  after  an  overland  passage  ; 

11.  That  the  west  coast  of  Britain  and  the  eastern  and  southern  coasts 
of  Ireland  are  those  chiefly  visited  during  the  great  migratory  movements 
due  to  severe  weather ; 

12.  That  Ireland  is  largely  sought  during  the  colder  months,  both  by 
ordinary  winter  visitors  and  also  by  Thrushes  driven  out  of  Britain  by 
severe  climatic  conditions ; 

13.  That  the  Thrush  does  not  participate  in  the  east  to  west  autumn, 
and  west  to  east  spring,  movements  across  the  southern  waters  of  the 
KorthSea. 

II.    WAiU  Wagtail  (iSot&cM&Blba.). 

The  White  Wagtail  as  a  British  migrant  presents  several  points  of 
interest. 

As  a  summer  visitor  it  is  somewhat  rare,  and  has  only  been  recorded 
to  breed  occasionally  in  some  of  the  more  southerly  counties  of  England. 

It  is  chiefly  as  a  bird  of  passage  that  it  visits  our  islands,  and  is  then 
en  TotUe  to  and  from  northern  breeding  haunts  which  lie  both  to  the  N.E. 
and  N.W.  of  us,  namely,  in  Scandinavia,  Faroe,  and  Iceland.  It  occasion- 
ally reaches  Southern  Greenland. 

As  a  migrant  it  is  one  of  those  species,  few  in  number,  which  are  more 
abundantly  and  generally  observed  on  our  western  seaboard  and  its 
vicinity  than  on  the  east  coast. 

Spring  Immigraiion. — The  White  Wagtail  arrives  on  the  south  coastof 
England  in  small  parties  during  March,  sometimes  during  the  early  days 
of  that  month.' 

1  acquainted  lelateit  to  thii  bird's  oocnirence 

,  V,  Google 
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The  immigranta  continue  to  arrive  on  the  English  shores  of  the 
Channel  until  late  in  April,  and  in  certain  seasons  have  been  observed  in 
numbers  on  the  west  coast  of  Cornwall  as  lat«  as  the  first  half  of  May. 

On  arrival  on  our '  southern  seaboard  the  birds,  which  are  iDOSt 
abundant  on  the  western  section  of  that  coastline,  usually  tarry  for  some 
little  time  before  resuming  their  journeys.  In  due  course,  however,  they 
pass  inland  or  northwards  along  both  the  east  and  west  coasts,  especially 
the  latter. 

Spring  Passage. — During  March  there  are  few  records  of  the  White 
Wagtail's  appearance  on  either  the  east  or  weet  coast  of  Qreat  Britain. 
With  April,  however,  the  regular  passage  northwards  sets  in,  and  continues 
until  about  the  middle  of  May  '^not  beyond,  so  far  as  regular  passage  is 
concerned. 

On  the  west  coast  we  are  able  to  trace  the  birds  from  Cornwall  along 
the  Welsh  coast  to  the  Solway  and  Clyde  areas,  and  occasionally  north- 
wards to  West  Koss.  '  Wagtails '  are,  however,  observed  regularly  on 
passage  at  Cape  Wrath,  the  K.W.  limit  of  the  mainland  of  Sostland, 
down-  to  the  middle  of  May.  I  have  little  doubt  that  these  records 
relate  to  this  species.  Passing  thence  to  the  western  islands,  we  pick  up 
the  lines  of  flight  first  at  the  important  rock  station  of  Skerryvore,  and 
then  at  the  Hebrides,  in  whose  outer  and  inner  islands,  or  certain  of  them, 
it  is  a  bird  of  double  passage.  Here  it  has  been  observed  at  Bam, 
Monach,  Lewis,  Tiree,  and  Coll.  At  fiarra  (a  southern  island  of  the  ontfir 
group)  and  at  Tiree  (one  of  the  inner  isles)  it  is  quite  common  on  passage 
in  both  spring  and  autumn  ;  and  from  these  stations  we  have  during  late 
years  been  furnished  with  a  valuable  set  of  observations,  and  have 
examined  many  Hebridean  specimens  obtained  on  both  islands  at  each  of 
the  seasons.' 

At  the  Monach  Isle,  with  the  esception  of  St.  Eilda,  the  most  western 
of  the  Hebrides,  the  White  Wagtail  is  recorded  as  occurring  not  unfre- 
quently  during  April  and  early  May. 

Intimately  connected,  no  doubt,  with  these  far  western  British  move- 
ments are  those  observed  in  Ireland.  Here,  however,  our  present  know- 
ledge is  only  of  a  fragmentary  nature,  for  the  few  observations  made  in 
the  sister  isle  all  relat«  to  the  coast  and  isles  of  a  single  county,  namely. 
Mayo,  where  the  White  Wagtail  has  been  occasionally  seen  on  passage 
during  April  and  early  May.^ 

It  is  strange  that  there  is  not  a  single  instance  on  record  of  the  White 
Wagtail's  occurrence  on  the  east  coast  of  Ireland,  though  I  can  scarcely 
bring  myself  to  believe  that  the  bird  does  not  occur  there  on  its  migratoiy 
journeys. 

Passing  to  the  east  coast  of  Great  Britain,  we  find  little  or  no  infor- 
mation for  its  southern  section,  not  even  for  that  county  which  has 
always  been  remarkable  for  ornithological  research  and  for  its  able 
ornithologists,  namely,  Norfolk.  Here  it  appears  to  have  occurred  merely 
on  two  or  three  occasions,  and  in  the  springtime  only. 

•  At  the  island  of  Tiree,  Inner  Hebrides,  it  has  been  observed  passing  north  in 
considerable  nnmbeis  as  late  as  May  16. 

•  The  following  are  the  spring  records  for  Tiree  kindly  fnmiBhed  to  Mr.  Harrie- 
brown  and  myself  bj  Ur.  Peter  Anderson :  1S93,  April  7  and  Hay  1 ;  1894,  April  7, 
12,  and  30  ;  189G,  Ma;  3  and  G  ;  1896,  April  22  and  24  ;  1897,  April  2S  and  30  sad 
May  1  and  4  to  8 ;  1898,  April  19  and  26 ;  1899,  Hay  3  and  16  (many). 

■  The  most  important  ot  tliese  Irish  movements  nas  witnessed  passing  aloi%  ths 
shores  of  Eillala  Bay  early  in  May,  1898  (Saundera.  Bull.  Brit.  Oni.  aub,  vii.  p.  68). 
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In  LiDcolnsliirB  and  Yorkshire,  so  far  as  actual  records  are  concerned, 
the  White  Wagtail  is  decidedl;r  uncommon  on  passage  in  the  spring. 

It  is  not  until  we  reach  the  coast  of  Haddingtonshire  that  we  have 
nay  adequate  information  regarding  the  passage  of  the  present  speciee 
along  the  east  coast.  Here,  thanks  to  information  privately  supplied  to 
me  by  my  friend  Mr.  Wm.  Evans,  it  is  possible  to  find  the  bird  in 
numbers,  sometimes  in  considerable  numbers,  by  looking/or  ii,  in  April 
and  at  the  beginning  of  May.  I  have  myself  seen  the  bird  in  both 
spring  and  autumn  on  the  southern  shores  of  the  firth  of  Forth. 

North  of  this  the  only  definite-  record  for  the  eastern  mainland  known 
to  me  refers  to  its  occurrence  at  Inverness  during  April. 

In  the  northern  isles  of  Orkney  and  Shetland  there  are  a  considerable 
number  of  records  of  Pied  Wagtails  {M.  lugubria)  during  the  late  days 
of  April  and  early  May,  for  the  Pentland  Skerries  in  Orkney  and  for 
Whalsey  Skerries  and  Dunroasneas  in  Shetland,  whi&h,  I  have  little  doubt, 
from  the  lateness  of  the  dates,  refer  to  the  passage  of  the  Whit«  Wagtail.' 

Saxby  '  records  the  bird  fromUnston  two  occasions  in  spring,  namely, 
for  June  1854  and  May  1867.  I  am,  however,  not  a  little  dubious  as  to 
the  identity  of  certain  migratory  flocks  of  Fied  Wagtails  which  that 
observer  mentions  &a  appearing  in  the  spring  on  their  way  north,  and 
again  in  September  on  their  way  south,  for  that  bird  is  an  uncommon 
species  in  Scandinavia.^ 

Autumn  FoMoge. — The  retuim  movement  from  the  north  is  initiated  by 
the  appearance  of  the  White  Wagtail  upon  our  coasts  from  mid-August 
onwards.  The  earliest  date  I  have  is  for  August  15,  1894,  at  Barra.  T^m 
this  date  until  the  middle  of  September  it  occurs  in  parties  proceeding 
south  at  the  Hebridean  stations  of  Borra  and  Tiree*  with  great  regu- 
larity. 

The  autumn  passage,  however,  is  not  a  prolonged  one,  and  the  latest 
record  for  the  bird's  occurrence  in  Britain,  known  to  me,  refers  to  a  pair 
of  adults  observed  in  Oxfordshire  on  September  27,  1885.* 

The  return  movement  probably  affects  both  the  east  and  west  coasts 
of  the  mainland,  as  the  data  faintly  indicate.  It  is  remarkable,  however, 
that  outside  the  Hebrides  and  the  Forth  area  our  information  is  of  a  very 
meagre  nature,  and  the  bird  does  not  appear  to  have  been  observed  on 
the  east  coast  of  England,  or  anywhere  in  Ireland  in  the  autumn.^ 

'  Daring  a  visit  to  tbeaouthem  portion  ot  Shetland  in  tbelatler  half  of  September, 
1900, 1  found  the  White  Wagtail  abundant  on  passage ;  not  a  angle  eiample  of  the 
Pied  Wagtail  was  observed. 

■  Birdi  if  Shetland,  p.  81. 

'  At  Heligoland  the  spring  passage  of  the  White  Wagtail  commences  at  mid- 
March,  and  continues  until  the  early  days  of  May. 

*  The  Hebridean  recoida  (1S92-1S99)  for  the  aatamn  migration  of  this  epeciea 
are  as  foUowfl :— 1892,  Septemberl ;  1893,  Angaat  24,  26,  and  29 1  1B94,  August  15; 
1896,  AngTist  84 ;  1B9T,  August  17  and  September  2  and  3;  1898,  August  24,  Septem- 
ber T  and  IS;  1899,  August  16. 

'  Since  the  above  was  written,  a  single  biid  was  noted  in  Southern  Shetland  on 
October  3,  1900. 

•  On  the  west  Bhores  of  the  Continent  the  automn  passage  is  regularly  observed. 
At  Heligoland  it  commenoes  at  mid-August,  and  continues  until  mid-October. 

During  oar  ill-fated  visit  to  the  island  of  Usbanl,  wbicb  lies  immediately  to 
the  BOQth  of  our  extreme  Boutb-west  coast,  in  early  September  1898,  Mr.  I^dlaw 
and  I  saw  many  White  Wagtails  on  migration.  On  some  days  as  many  as  two 
hundred  came  under  our  notice,  and  paitiea  of  from  twenty  to  thirty  were  not 
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The  White  Wagtail  is  frequently  not«d  in  company  with  its  Pied  and 
Yellow  congeners  {M.  Uigvhrie  and  M,  rati).  It  sametimea  occurs  at  the 
lanterns  of  the  lighthonseB  along  with  other  species  ;  thus  at  Skenyvore, 
on  September  8,  1897,  several  were  killed  during  a  rush  of  'small  birds,' 
Wheatears  (Saxieola  ananths),  and  Pipits  (^ntAiw^otetUM),  and  their 
*iags  sent  to  me  for  identification. 

It  appears  to  me  that  the  White  Wagtails  which  tiuverae  our  western 
shores  and  isles  are  probably  en  route  to  and  from  their  western  summer 
haunts  in  the  Feroes  and  Iceland.  That  such  is  the  case  is  rendered  likely 
not  only  by  the  routes  followed  in  Britain,  but  by  the  dates  of  arrival 
and  departure  as  recorded  for  Iceland.' 

On  the  other  hand,  the  comparatively  late  date  on  which  this  bird  is 
observed  in  the  autumn  in  Southern  Scandinavia,*  and  tLe  fact  that  its 
numbei^  are  so  few  on  our  eastern  seaboard,  seem  to  indicate  that  tbs 
main  route  to  north-western  continental  Europe  does  not  lie  on  the 
British  coasts. 

There  can  be  little  doubt  that  the  White  Wagtail  is  stUI  much  over- 
looked as  a  British  bird,  or  confounded  with  the  Pied  Wagtail,  a  species 
from  which  it  was  not  differentiated  for  many  years.  We  have  thus  even 
yet  much  to  lean)  concerning  its  distribution  in  most  districts  of  Great 
Britain  and  Ireland. 

In  certain  areas,  notably  in  the  Hebrides,  our  knowledge'  has  been 
considerably  advanced  daring  recent  years,  thanks  to  the  excellent 
observationB  made  by  I>r.  MacBury  and  Mr,  Peter  Anderson. 

The  main  facts  connected  with  the  migration  of  the  White  Wagtail 
are: — 

1.  It  appears  on  the  southern  coast  of  England  during  March  uid 
April,  sometimes  in  early  May. 

2.  During  April  and  May— as  late  as  the  middle  of  the  latter  month 
— it  occurs  on  passage  on  the  east  and  west  coast  of  Great  Britain,  and 
has  been  at  that  time  occasionally  observed  on  the  north-west  cooat  of 
Ireland. 

3.  The  return  passage  commences  with  mid-August,  and  is  over  by 
mid  -September. 

4.  The  west  coasts  of  Britain,  and  especially  those  of  the  Hebridean 
Islands,  form  the  main  route  followed  by  the  migrants. 

5.  The  bird  has  not  been  observed  on  the  east  coast  of  Ireland  at  any 
season,  nor  has  it  been  observed  anywhere  in  Ireland  during  the  autumn 
passage. 

'  In  18S6  the  species  was  Gist  observed  at  Bejkjanea  on  April  24,  next  on  the 
29th,  and  abundant)?  on  May  9.  Lastlf,  on  AugrastiS  (Gannlaagsion,  Omit,  1895, 
p.  344).  Qrondal  ea.jB  it  is  the  first  snmiuet  visitor,  and  comes  in  April  to  the 
Beykavik  district,  where  one  was  shot  as  late  as  September  T,  1S79  (Omit,  1B8S. 
p.  36S).  The  bird  evidentlj  leaves  Iceland  early  in  the  antnmn.  Along  with 
Hr.  Backhouse,  I  spect  the  mouth  of  September  1884  in  the  sonth-esst  portion  of  the 
iBlasd,  and  we  onl;  observed  this  species  ou  one  ooeasion,  namel]',  a  familj  part? 
seen  on  the  coast  on  the  10th. 

'  Prof  elisor  Collett  (Orertigt  of  OKritUaa»a  Omegm  ontWuilcgitke  ftuuid.  p.  81) 
states  that  it  arrives  during  the  first  half  of  April,  and  leaves  at  the  end  of  Septem- 
ber and  first  days  of  October.  It  U  occssiooally  observed  in  October,  and  exoeptlon- 
ally  as  late  as  November  le. 

Coogic 
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6.  It  has  not  been  observed  on  the  east  coast  of  England  during  the 
&utumn  passa^. 

7.  Much  has  yet  to  be  learned  concerning  the  White  Wagtail  as  a,  bird 
of  passage  in  districts  in  which  it  is  presumed  to  be  rare  or  unknown. 


The  Climatology  of  Africa. — Mnfh  Report  of  a  Convmitiee  coTiBisUng 
of  Mr.  E.  G.  RAVENaTEiN  (Chairman),  Sir  JoHN  KiBK,  (the  late) 
Mr.    &.   J.  Symons,  Dr.  H.  R.  Mill,  ond  Mr.  H.  N.  Dickson 

(Secretary).     (Dravm  uphy  the  Chairman.) 

MBTE0R0I.OGICAL  retoms  have  reached  yonr  Committee,  in  the  course  of 
last  fear,  from  thirty  stations  in  Africa. 

Ifigeria.—We  are  able  to  publish  a  full  year's  record  for  Old  Calabar. 
The  observations,  since  September  last,  are  being  made  thrice  daily  in 
accordance  with  our  programme.  We  look  forward  with  interest  to  the 
receipt  of  meteorological  reports  from  Northern  Nigeria,  which  have  been 
promised  by  Qeneral  F.  D.  Lugard,  C.B.,  and  which  we  hope  to  be  able  to 
publish  in  next  year's  report. 

British  Central  Africa. — We  regret  that  full  reports  hare  been 
received  only  for  two  stations,  namely,  Zombo,  which  is  in  the  immediate 
charge  of  Mr.  J.  McCIounie,  the  director  of  the  scientific  department,  and 
lAuderdale,  the  residence  of  onr  esteemed  correspondent,  Mr.  John  W. 
Moir.  No  reporte  from  Fort  Johnston  have  been  received,  and  those  from 
thirteen  other  stations  are  more  or  less  incomplete,  owing  to  the  occa- 
sional absence  or  the  illness  of  the  observers.  Dr.  James  E.  Mackay,  of 
the  London  Missionary  Society,  whose  valuable  report  for  Eambola  we 
published  last  year,  has,  we  regret  to  say,  given  up  hia  meteorological  work, 
owing  to  ill  health  and  the  impossibility  of  finding  a  trustworthy  native 
assistant.  He  writes :  '  I  see  no  way  to  get  reg^dar  observations,  and 
have,  un'tA  great  regret,  resolved  to  give  it  up  rather  than  provide  unre- 
liable and  worthless  reports.' 

British  Eaal  Africa. — Ketums  from  ten  stations  have  been  received, 
including  three  months'  observations  from  Nairobi,  to  the  north  of 
Hachako's.  The  returns  from  Fort  Smith,  in  Slikuyn,  and  from  the 
neighbouring  Scottish  missionary  station  being  incomplete,  we  defer  their 
publication  until  next  year,  as  we  hope  shortly  to  receive  the  returns  for 
the  missing  months.  No  report  has  been  received  from  Giolbanti,  on  the 
Tana  River,  As  an  instance  of  the  extent  to  which  an  injudicious  exposure 
of  the  thermometers  may  affect  the  returns  we  refer  to  the  '  Notes '  on  those 
received  from  Machako  s.  We  record  with  regret  the  death  of  Mr.  C.  H. 
Craufurd,  one  of  H.M.'s  Sub- Commissioners,  who  has  at  all  times  taken  a 
lively  interest  in  the  work  of  your  Committee. 

Ugamda.—^Cha  observations  on  the  level  of  Victoria  Nyanza  having 
been  received  only  up  till  October,  the  publication  of  the  results  is 
deferred  till  nex^  year. 

Tonr  Committee  cannot  conclude  this  report  without  expressing  their 
uncere  r^;ret  at  the  death  of  their  late  colleague,  Mr.  0.  J.  Symons, 
F.R.8.,  whose  valuable  counsel  they  have  enjoyed  ever  since  their  for- 
mation in  1891. 

Your  Committee  propose  that  they  be  reappointed  for  another  year, 
to  enable  them  to  make  a  final  report.     They  do  not  ask  for  a  grant. 
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The  Revision  of  the  Physical  and  Chemical  Gonetanis  of  Sea-Water. — 
Report  of  the  Gom/mittee,  consistiTig  of  Sir  John  MuEtRAY  {Ghair- 
■man),  Mr.  J.  Y.  Buchanan,  F.R.8.,  Dr.  H.  R.  Mill,  Mr.  H.  N. 
Dickson  (Secretary).     (Drauin  up  by  the  Secretary.) 

Thb  Committee  was  appointed  to  co-operate  in  t.he  inveatigationB  under- 
taken by  Dr.  Martin  Enudsen  at  Copenhagen,  at  the  instance  of  the 
Committee  appointed  by  the  International  Conference  held  at  Stockholm 
last  year,  with  the  view  of  making  authoritative  determinations  of  the 
constants  used  in  reducing  observations  of  the  physical  and  chemical 
conditions  of  sea-water  in  different  parts  of  the  globe. 

The  grant  placed  at  the  disposal  of  the  Committee  has  been  expended 
in  defraying  part  of  the  cost  of  Dr.  Knudsen's  researches. 

Dr.  Knudsen  reports  that  the  work  of  obtaining  samples  of  water  from 
different  regions  has  been  completed,  except  with  regard  to  those  from  the 
East  Greenland  polar  current,  the  northern  part  of  the  Baltic,  and  the 
Indian  Ocean,  whichit  is  hoped  will  be  received  in  about  a  month's  time. 
The  samples  have  been  collected  in  six-litre  bottles,  prepared  by  standing 
full  of  hot  water  for  a  month  before  use.  Dr.  Enusden  andhis  assistants 
began  preliminary  work  in  September  last,  and  since  May  the  regular 
analyses  of  samples  have  been  carried  on  by  himself,  two  chemists,  and  three 
physicists.  The  results  obtained  so  far  indicate  that  the  methods  em- 
ployed are  adequate  in  scope  and  precision,  and  sufficient  progress  has  been 
made  to  justify  the  expectation  that  the  work  will  be  completed  and  pub- 
lished within  the  time  arranged  by  the  Stockholm  Committee. 

The  Committee  do  not  ask  to  be  reappointed. 


Future  Dealings  in  Saw  Prodtice. — Report  of  Committee,  conaisting 
of  Mr.  L.  L.  Price  (Ghmrman),  Professor  A.  W.  Flux  (Secretary), 
Major  P.  G.  Cbaigie,  Profesaor  W.  Cunningham,  Professor  F.  Y. 
EoGEWORTH,  ProfeBBor  E.  C.  K.  Gonneh,  Mr.  R.  H.  Hooker, 
and  Mr.  H.  R.  Rathbone,  a/ppointed  to  report  on  Future  Dealings 
in  Raw  Produce.  (Drawn  up  by  the  Secretary,  with  the  aasistaaice 
of  Mr.  Hooker.) 

[Platb  IV.] 

L      t\irm  Prices  in  Deeemher  of  eaoh  year,  atid  Prieei  at  Chicago  iff  (a)  Wheat, 

(i)  Maxx^;  alto  Average  Eiaport  Prieei  and  Prieei  at  NeiB  Yi>rk  .  433 

II.    Ateroft  Price  of  Wheat  at  Omeianati.  1811-97 431 

in.  standard  Seviation  and  Mean   Weekly  Moeainent  of  the   Qasette  Average 

Pnee  of  Wheat,  1860-99 138 

IV.  Arerage   Priw  of  Middling   UpUmdi  C«tU»t  at  Liverpool  in  each  year, 

1801-1899 1S5 

The  markets  in  which  organised  dealings  for  future  delivery  are  carried 
on  are  concerned  with  many  kinds  of  raw  produce.  It  appears  to  the 
Committee  that  the  circumstances  of  the  markets  which  are  concerned 
with  such  products  as  wheat,  maize,  cotton,  and  the  like  are  so  different 
from  those  in  which  the  metab  are  dealt  in,  that  no  advantage  would 
result  from  presenting  an  investigation  of  the  two  groups  < 
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lines.  The  ooe  group  of  commodities  manifesta  the  general  characteristic 
that  the  supply  is  not  continuously  produced,  but  that,  apeakinc  broadly, 
the  supply  for  a  year  depends  upon  the  results  of  a  harvest  which  faUs 
within  a  limited  part  of  the  year  ;  the  demand  for  consumption  is,  how- 
ever, one  which  exists  throughout  the  year,  being  roughly  continuous. 
The  work  of  dealers  in  these  commodities  is,  therefore,  to  arrange 
relations  between  a  ntasmodic  supply  and  a  continuous  consumption. 
With  products  of  which  metals  may  be  taken  as  the  type,  there  does  not 
exist  the  same  dependence  of  supply  on  the  round  of  the  seasons. 
Demand  fiuctnatee  ;  but  supply  can,  if  necessary,  be  organised  so  as  to 
provide  acontinuous  output  calculated  to  meet  a  steady  demand  of  large  or 
of  small  dimensions.  It  seems  reasonable  to  suppose  that  the  influence  of 
the  market  organisation  for  future  dealings  on  price  and  supply  will  not 
follow  identical  lines  in  cases  so  widely  contrasted.  As,  further,  the 
interest  in  the  subject  referred  to  the  Committee  is,  in  the  main,  derived 
from  the  questions  raised  in  reference  to  farm  products  (and  particularly 
in  reference  to  grain),  the  Committee  propose  to  confine  their  report  to 
tiiis  section  of  the  material  which  the  reference  to  them  might  be  con- 
sidered to  cover.  Should  the  questions  connected  with  future  dealings  in 
metals  appear  of  sufficient  interest,  a  separate  investigation  may  be 
directed  into  that  subject  by  a  committee  suitably  constituted. 

The  problems  whidi  arise  in  connection  with  future  dealings  in  produce 
are  in  some  respects  not  unlike  some  of  those  which  are  discussed  in  Sir 
Robert  Oiffen's  essay  on  Stock  Exchange  Securities,'  but  diiferences 
fundamental  in  their  nature  distinguish  the  cases  of  steck  and  produce 
dealings.  If  no  other  difference  existed,  the  fact  that  the  existing 
supply  of  raw  cotton  (for  example)  will  be,  in  the  main,  used  up  in  the 
course  of  a  year,  while  at  the  end  of  a  year  the  bulk  of  the  existing  Stock 
Exchange  securities  will  still  be  found  in  existence,  would  differentiate 
the  two  problems  sufficiently.  The  influences  which  determine  the  level 
of  values  are  certainly  not  identical  in  the  two  cases,  so  that  the  points 
which  are  of  greatest  importance  in  the  discussion  of  the  Stock  Exchange 
will  not  necessarily  need  to  be  equally  fully  considered  here,  nor  will  the 
oonclusion  in  regard  to  what  Sir  B.  Oiffen  designates  *  fictitious  securities ' 
be  capable  of  simple  application  to  what  is  sometimes  called  '  fictitious 
grain.' 

It  may  be  not  superfluous  to  sketeh  the  leading  features  of  the  market 
organisation,  the  influence  of  which  we  seek  to  trace.  In  so  doing,  it  will 
be  necessary  to  remember  that  we  have  not  simply  to  consider  bargains, 
the  fulfilment  of  which  is  contrikcted  to  take  place  at  some  future  date. 
It  need  not  be  argued  that  such  bargains  are  regularly  made  in  every 
department  of  life,  and  that  no  very  special  interest  attaches  to  the 
investigation  of  the  influence  of  the  custom  of  making  contracts  which, 
from  the  nature  of  the  case,  are  incapable  of  instant  fulfilment.  More- 
over, such  contracts  are,  in  many  cases,  eminently  speculative,  though 
greater  speculation  may  occur  in  cases  where  no  such  contract  is  made. 
The  builder  who  undertakes  to  build  a  Town  Hall  at  a  definite  price  is 
making  a  contract  for  future  delivery  of  goods  ;  but  it  is  the  builder  who 
erects  houses  with  the  expectation  of  disposing  of  them  when  finished- — 
who  makes,  in  respect  of  them,  no  contract  for  delivery  at  a  definite  price 
and  time — who  is  commonly  referred  to  as  the  '  speculative '  builder.     It  is 
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not  oiineoeBsary  to  rec»ll  sach  facta,  inasmiicb  as  some  coafnsioa  frequently 
arises  in  reference  to  the  reUtion  of  '  futures '  and  '  speculation.' 

As  stated,  then,  the  probl^^m  which  needs  investigation  is  not  the 
influence  on  price  inovenients  of  forward  contracts,  sncb  as  the  puFohase 
and  sale  of  a  cargo  of  wheat  actually  on  passage  which  may  be  sold  in 
anticipation  of  its^  arrival,  but  of  an  entirely  diJH^brent  class  of  contracts. 
In  these  contracts  one  leading  feature  is  that  the  goods  bought  and  sold 
are  not  dealt  in  by  sample,  but  their  quality  is  determined  by  reference  to 
certain  standards  established  by  some  reeponsiblB  organisation.  In  wheat 
the  standard  niay  be,  for  example,  as  in  LonAin  (for  American  wheat), 
No.  1,  Northern,  or,  as  is  usual  in  Liverpool,  No.  2,  Winter  (or  Spring)  ; 
in  cotton,  it  may  be  what  is  known  as  middling  uplands  when  American 
cotton  is  in  question,  fiiUy  good  fair  for  Egyptian,  and  similarly  io  r«- 
gard  to  other  commodities.  .The  buyer  need  not  be  able  to  discriminate 
between  good  and  bad  wheat,  he  may  conceivably  not  be  capable  of  dis- 
tinguishing wheat  from  barley,  but  the  quality  of  the  wheat  to  which  he 
becomes  entitled  is  nevertheless  determinate.  Rules  are  laid  doirnbythe 
Associations  of  Grain  Dealers  in  leading  centres  such  as  Chicago,  Duluth, 
New  York,  Liverpool,  ka.,  for  maintaining  the  standard  according  to 
which  any  actual  parcel  of  wheat  is  determined  to  be  of  standard  gtsde  or 
not,  the  American  centres  farther  grading  into  several  classes,  tinder 
Government  supervision.  One  distinction  between  dealing  by  sample 
and  dealing  in  standard  grades  is  that  in  the  former  case  slight  differ- 
ences would  be  likely  to  exist  between  the  qualities  to  which  any  two 
bat^^ains  had  reference;  in  the  latter  case  all  bargains  in  a  stsndard 
grade  are  on  the  same  level  in  the  matter  of  the  quality  of  the  produce 
which  is  capable  of  being  used  for  their  fatfilmant.  Further,  by  custom 
or  by  rule,  the  quantity  dealt  in  on  any  contract  is,  if  not  the  same, 
always  a  multiple  of  a  standard  quantity,  e.g.  4,800  or  5,000  centals  of 
wheat  in  London  and  Liverpool  respectively. 

If,  then,  the  dat«  named  for  delivery  be  the  same  for  any  two  con- 
tracts (and  the  custom  of  naming,  not  a  day,  but  a  month,  or  two 
months  even,  within  which  delivery  may  be  made,  helps  to  produce  ready 
coincidence  in  this  matter),  the  only  point  of  diSerence  remaining  is  the 
price.  Different  contracts  for  the  delivery  in  one  and  the  same  month  of 
the  same  number  of  units  (of  wheat  or  cotton  or  other  produce)  of  the 
usual  standard  grade  will,  except  in  the  matter  of  price,  be  as  nearly 
identical  and  as  interchangeable  for  all  practical  purposes  as  two  bonds  of 
a  municipality  for  equal  amounts,  if  not  as  much  so  as  two  Bank  of  England 
notes  of  the  same  denomination.  To  the  man  who  has  bought  and  sold 
equal  amounts  of  the  same  grade  for  the  same  period  of  delivery  there 
remains  no  concern  in  the  actual  goods  ;  he  is  concerned  merely  in  the 
relation  of  the  prices  of  the  sale  and  purchase. 

But  a  further  development  of  the  organisation  of  markets  where  this 
class  of  business  is  largely  transacted  is  also  of  importance,  as  affecting 
the  facilities  for  carrying  on  such  dealings,  namely,  the  establishment  of 
Clearing  Houses,  and  the  introduction  of  a  system  of  periodical  settle- 
ments. These  are  effected  daily  in  some  cases,  weekly  in  others,  while  in 
some  markets  no  settlement  takes  place  before  the  term  of  the  bargain 
has  expired. 

To  indicate  the  purpose  and  operation  of  clearing- bouses  and  short  settle- 
ments, reference  to  a  hypothetical  example  may  be  made.  Suppose  that 
in  January  A  sells  50,000  centals  (or,  say,10,000  quarters)  of  wheat  to  B, 
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(The  standard  grade  need  not  be  here  specified,  provided  that  the  feet  Uiat 
the  borgfun  is  one  in  wheat  of  a  named  standard  grade  be  remembered.) 
The  wheat  is  to  be  delivered  in  May,  and  the  price  to  be  paid  ia,  Bay,  t«. 
per  centaL  Suppose  the  term  to  mn  out  and  that  B  has  not  found  a 
convenient  opportunity  of  reselling  at  a  profit— in  fact,  tliat  he  expected 
that  the  price  would  rise,  while  it  falls  steadily  and  persistently.  When 
May  comes  B  must  either  take  charge  of  the  wheat  and  pay  for  it  in  full, 
or,  if  he  has  no  facilities  for  doing  so,  will  be  forced  to  sell  ;  in  fact,  the 
latter  may  be  his  only  means  of  providing  the  funds  with  which  to  pay 
for  his  purchase.  If  the  -price  has  fallen  to  5«.  Qd,  he  realises  1,2502. 
less  than  be  needs  to  oiake  this  payment.  Shonld  this  be  not  t,  solitaiy 
contract,  but  one  of  a  score,  averaging  equally  bad  results,  the  dealer,  if 
not  a  wealthy  man,  may  find  it  difficult  to  provide  the  means  of  paying 
for  hU  purchases,  and  his  bankruptcy  may  prevent  such  payment  being 
made. 

The  bolder  of  the  wheat.  A,  may  find  tiiat  such  a  faUure  of  B  leaves 
him  to  sell  the  wheat  as  best  he  can,  and  face  the  loss  the  risk  of  which 
im  sale  to  B  ought  to  have  removed  from  his  shoulders.  The  short-settle- 
ment system  aims  at  reducing  the  risk  of  loea  due  to  the  assumption  by 
weak  dealers  of  risks  greater  than  the  funds  at  their  disposal  enable  Lhem 
to  cover,  and  thus  at  rendering  business  more  secure,  and,  being  more  se- 
cure, capable  of  being  carried  on  with  narrower  profits.  The  parties  to  the 
contract  may  (or  in  some  cases  must)  deposit  a  sum  of  money  sufficient  to 
cover  any  probable  loss  due  to  variation  of  price  for  a  short  time,  and, 
if  prices  vary  beyond  what  the  deposit  can  make  good,  must  increase  the 
deposit.  Thus,  in  the  above  case,  the  deposit  may  have  been,  say,  5  per 
cent,  of  the  contract  price,  or  7601.  Should  the  price  fall  so  as  to  indicate 
to  one  party  the  loss  of  the  whole  of  this  margin  in  case  of  realisation  at 
the  price  of  the  day,  he  may  decide  that  it  is  better  to  accept  so  much  of 
loss  than  to  risk  a  greater,  and  he  is  helped  to  this  decision  by  the  need  of 
providing  the  means  of  meeting  a  greater  loss,  should  it  occur.  The  man 
who  would  be  most  likely  to  fail  to  meet  his  obligations  on  th^r  maturity 
being,  in  general,  the  man  moat  likely  to  find  it  difficult  to  spare  the 
deposit  money  from  his  business  capital,  is  precisely  the  man  who  is,  so  to 
speak,  warned  off  by  the  pressure  of  the  need  to  maintain  the  deposit. 
In  the  case  assumed,  were  the  official  price  to  fall  to  5s.  Wd.  on  some 
day  shortly  following  the  conclusion  of  the  contract,  the  buyer  would  be 
required  to  find  50,000  pence,  or  208(.  6».  8d.,  and  to  paw  it,  together 
with  a  further  margin.  Should  a  further  fall  occur  he  would  n»ed  ti>  pay 
a  corresponding  sum,  while,  in  case  of  a  recovery,  he  would  be  entitled  to 
receive  part  of  his  deposit  again.  This  necessity  to  face  losses  as  they 
occur  may  be  a  hardship  to  a  man  whose  ultimate  forecast  of  profit  is 
realised,  should  the  market  go  gainst  him  steadily  and  heavily  for  a.  con- 
siderable part  of  the  period  between  the  contract  and  the  due  date  of  its 
fulfilment.  Yet,  on  the  whole,  the  short- settlement  system  and  the  putting 
up  of  margins  do  certainly  tend  to  prevent  men  from  assuming  risks 
beyond  the  power  of  .their  means  to  cover.  The  fact  that^  to  persons  who 
would  have  no  desire  to  make  a  contract  for  future  delivery  of  goods  and 
to  accept  delivery  in  due  course,  a  facility  is  aSbrded  to  operate  on  the 
market  and  to  attempt  to  snatch  profits  fron  day-to-day  fluctuations  in 
prices,  the  daily  (or  weekly)  settlement  enabling  them  to  make  their 
attempt  and  be  very  shortly  free  of  all  responsibility  in  regard  to  it,  not 
needing  even  to  wait  for  the  distant  delivery  month  for  the  realisation  of 
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the  profit  (if  any)  thej  may  make,  has  been  used  to  cast  odium  on  the 
system  of  short  intermediate  settlements.  It  is  true  that  the  system  does 
offer  facilities  for  speculation  in  mere  price- moTements  as  distinct  from 
dealing  in  commodities,  but  the  other  fact  mutit  also  be  borne  in  mind 
that  it  serves  to  check  wild  speculation  by  weak  dealers  unable  to  meet 
the  losses  which  they  were  nevertheless  very  ready  to  face  before  the 
system  was  introduced. 

The  example  of  direct  dealing  between  two  persons,  which  has  been 
used,  will  not  serve  to  give  an  accurate  idea  of  the  situatitm.  It  is 
common  to  have  a  large  number  of  persons  involved  in  such  transactiona 
Not  only  have  we  A  selling  to  B,  but  B  to  C,  G  to  D,  aad  so  on  for  a 
score  of  links  perhaps.  The  liquidation  of  such  a  transaction  is  greatly 
facilitated  by  bringing  the  first  seller  and  the  last  buyer  into  direct  relations 
with  each  other,  since  the  intermediate  dealers  are  concerned  (unless  in 
case  of  a  failure  to  fulfil  contracts)  only  with  the  differences  between 
the  prices  at  which  they  have  bought  and  sold  respectively.  The 
unravelling  of  the  complex  series  of  payments  and  passing  of  delivery 
orders,  Ac.,  which,  in  a  long  series,  involved  delay  and  difficulty  when 
no  organisation  for  the  purpose  existed,  is,  in  many  leading  markets, 
accompHshed  through  the  medium  of  a  clearing  house.  It  is  unnecessary 
to  describe  the  organisation  in  any  detail,'  though  the  existence  of  these 
facilities  must  be  borne  in  mind,  inasmuch  as  purely  speculative  transac- 
tions, as  well  as  the  process  of  dealing  in  which  actual  delivery  of  goods 
takes  place,  appear  to  profit  by  them.  In  particular,  one  feature  has 
attracted  some  attention  and  provoked  adverse  criticism,  namely,  that 
where  the  necessities  of  business  bring  about  a  state  of  things  in 
which  the  original  seller  becomes  in  turn  a  buyer  of  the  same  delivery, 
the  series  of  dealers.  A,  B,  C,  D,  &c.,  ends  as  well  as  begins  with  A,  and 
the  passing  of  any  warehouse  receipt  or  other  form  of  claim  to  a  specific 
lot  of  goods  becomes  a  mere  form.  The  interests  of  all  parties  in  such  - 
a  closed  ring  are  confined  to  price  differences.  The  settlement  of  such 
transactions  by  the  process  of  '  ringing  out,'  when  an  invoice  and  a  formal 
tender  are  passed  round  the  ring,  appears  to  some  to  indicate  an  objection- 
able facility  afforded  to  those  who  practically  bet  on  price-changes,  and 
it  is  apparently  desired  in  some  quarters  to  suppress  these  facilities  in 
order  to  snppress  the  transactions  thus  described. 

The  result  of  the  elaborate  organisation  of  markets  for  dealing  in 
futures  in  commodities  is  that  it  has  become  possible  to  buy  or  sell  for 
future  delivery  without  difficulty,  and  at  prices  publicly  and  regularly 
quoted.  Those  who  desire  to  ensure  supplies  of  any  commodity  for 
which  a  market  so  organised  exists  can  do  so  without  difficulty,  while 
those  who  desire  to  secure  themselves  against  future  fluctuations  in  the 
price  of  raw  produce,  whether  as  buyers  or  sellers,  are  provided  with 
the  means  of  doing  so. 

Attention  must  be  particularly  given  to  the  use  of  dealings  in 
futures  in  providing  insurance  against  price-changes,  for  no  small 
amount  of  importance  attaches  boUi  directly  and  indirectly  to  this. 
It  accounts,  in  part,  for  the  fact,  ao  troublesome  to  some  critics,  that  far 
larger  amounts  of  produce  are  sold  for  futuradelivery  than  could  possibly 
be  delivered.    The  tenderable  quality  is  determinate,  and  though  there 

'  For  details  as  to  cotMn  dealings  in  Liverpool,  ^.  Ellison's  CMton  IVade  of  Great 
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may  tc  enormoas  quantities  of  produce  of  inferior  <|uality,  it  cannot 
be  tendered  in  fulfilment  of  an  ordinary  future  contract ;  or,  if  tenders 
below  the  standard  quality  are,  as  in  some  cases,  permitted,  the  limits 
of  such  deficiency  in  quality  which  are  acceptable  are  narrow,  and  a 
pecuniary  allowance  must  be  made  for  the  deficiency. 

The  purchatie  or  sale  of  regular  futures -contracts  is  made,  however, 
to  serve  as  a  hedge  against  too  great  loss  from  the  variutioti  in  price 
of  classes  of  produce  not  actually  deliverable  on  such  contracts,  and, 
indeed,  for  sonie  dealings  in  goods  produced  from  the  raw  material  to 
which  contracts  refer.  This  use  of  the  futures- contract  depends  on  the 
fairly  close  accord  between  the  movements  in  price  of  different  quali- 
ties of  the  same  commodity.  The  accord  is  not  exact,  but  it  generally 
sufhces  to  render  the  hedge  effective  in  some  degree.  To  illustrate,  we 
Uike  the  spot  prices  of  middling  American  cotton  and  good  fur  Per- 
nambnco  at  Liverpool  on  March  29  and  May  17  of  the  current  year. 
The  former  stood  at  SjV/i.  at  the  earlier  date,  Ss'.^i  at  the  later.  The 
Pernambuco  quotations  were  6d  and  5^d.  Of  the  variation  of  ^.  shown 
in  the  latter  price,  -^'.jd.  were  shared  by  the  former.  Hence,  ia  a  great 
d^iree,  futures  in  American  would  have  served  as  a  hedge  against 
variations  in  price  of  Pernambuco  almost  as  well  as  against  variations 
in  price  of  American  itself.  As  a  direct  insurance  in  dealings  in  the  same 
commodity  as  that  named  in  the  futures- contract,  that  contract  is 
obviously  serviceable.  An  importer  who  purchases  a  shipload  of  wheat, 
anticipating  to  sell  it  on  arrival  at  a  certain  price,  will  sell  futures 
to  an  amount  corresponding  to  the  quantity  of  actual  wheat  he  has 
bought.  If  the  price  has  bllen  when  the  goods  arrive,  the  amount  received 
from  their  sale  will  be  reduced,  but,  on  the  other  hand,  the  cost  of 
repurchase  of  the  futures- con  tract  will  have  also  fallen,  and  to  an 
amount  which  will  cover  the  bulk,  if  not  the  whole,  of  the  loss  on  the 
sale  of  the  actual  grain.  So,  also,  in  case  of  a  forward  sale,  the  risk  of 
loss  through  price-variation  may  be  effectively  insured  againet  by  a 
purchase  and  subsequent  resale  of  a  futures-contract. 

The  facility  of  dealing  in  these  contracts,  then,  affords  a  means  of 
reducing  risk  of  financial  loss  in  the  handling  of  the  actual  produce, 
both  that  which  is  of  such  quality  as  to  be  tenderable  on  the  contracts, 
and  that  which  is  not  of  such  quality.  Its  use  in  covering  the  latter  class 
of  dealings  leads  to  a  considerable  excess  of  dealings  in  futures  over  actual 
deliveries  of  tenderable  grades.  Now,  in  considering  the  influence  on 
prices  of  the  modem  system  of  dealings  in  futures,  the  reduction  of  the 
risk  assumed  by  various  sections  of  dealers  must  be  given  a  prominent 
place.  The  mai^n  of  profit  which  is  sufficient  to  support  dealings  of 
a  comparatively  safe  character  is  much  smaller  than  that  necessary 
when  risk  is  considerable.  Even  though  the  goods  pass  through  the 
hands  of  more  numerous  dealers  than  formerly,  the  cost  of  handling 
may  be  reduced  through  the  reduction  of  the  risks  of  the  dealers.  We 
have  been  unable  to  obtain  any  satisfactoiy  means  of  determining  to  what 
extent  the  cost  of  handling  (apart  from  elevator  charges  and  freight 
charges)  has  been  reduced,  but  we  have  seen  no  reason  for  supposing  that 
it  has  been  increased,  as  seems  to  be  suggested  by  some  who  direct  atten- 
tion to  the  large  number  of  hands  through  which  a  futures-contract  may 
pass,  and  the  accumulation  of  commissions  which  is  suggested  in  conse- 
quence. The  fact  that  dealings  in  wheat  futures  in  Liverpool,  for 
example,  amount  to  from  twelve  to  twenty  or  thirty  times  the  amount  of 
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the  wheat  actually  tendered  against  these  dealings,  does  not  neceasarily 
imply  that  every  quarter  of  imported  vheat  has  to  bear  the  weight  of  & 
score  of  commisaioDs  to  brokers  for  handling  futures- contracts. 

It  seems  hardly  necessary  to  repeat  at  length  what  has  been  sufficiently 
often  made  clear,  that  the  fatures-contcact  ent«red  into  by  a  dealer  who 
actually  proposes  to  demand  delivery  of,  or  make  a  tender  of,  the  produce 
represented  by  it,  cannot  be  distinguished  from  the  contract  entered  into 
by  a  dealer  who  does  not  propose  to'  handle  either  the  goods  named  in  the 
contract  or  sjiy  other  goods  in  respect  of  the  price- variations  of  which 
the  said  contract  may  be  used  as  a  hedge.  The  point  may  be  made  clear 
by  giving  an  example  of  the  actual  form  naed,  selectiiig  for  that  purpose 
the  following : — 

No.  26.— FUTDRE    DELlVERy   CONTRiCT— AMERICAN  BED  WHEAT. 


THE  UVEEPOOL  CORN  TRADE  ASSOCIATION, 
1 1  LIMITED. 

3|  -  — 

|l  LIVERPOOL, 189 

-|  We  have  this  daj  SOLD  to on  the 

3 1  terma  of  the  Printed  Rnles  of  the  Liverpool  Com  Trade  AsBociatioti,  Limited, 

^5    U.J Centals  American  Bed  Wheat 

Is  (grown  East  ol  the  Rocky  MoantaiDs  ia  the  United  States  of  North  America 
11^  Canada),   of  quality  not  lower  than  the  Standards  of  No.  2  Winter  or 

■SH  No.  2  Spring,  aa  adopted  by  the  Liverpool  Com  Trade  Association,  Limited, 

%  S    and  in  force  for  the  BpeciSed  time  of  delivery,  at per  100  lb. 

gf    tc  be  delivered  during ex  store,  in  Liverpool,  or,  at 

3'^  Sellers'  option,  in  Birkenhead  at  an  allowanoe  to  the  Buyers  of  One  Farthing 

^  per  cental.     The  Wheat  to  be  in  fair  merchantable  conditjon  ;  a  alight  dry 

2^  wanntJi  not  to  be  objected  to. 

fS  Fajment— as  per  Rule  8,  allowing  interest  eqoal  to  three  months  from  date  of 

g  being  ready  for  delivery. 

"  I  Tkit  OmtToot  it  made  betiveai  j/ourieiea  and  mmtlwi,  and  not  bj/  or  mith 

5  any  perton,  ichethOT  ditelated  or  net,  an  ithou  Uutructiotu  or  for  mhese  benefit 


10  may  katee  b««n  entered  into. 


The  examination  of  this  form  will  suffice  to  show  that  it  would  he  a 
practical  impossibility  to  distinguish  the  simple  gambling  from  the  (so- 
called)  Intimate  dealings  for  the  purpose  of  suppressing  the  former. 

Apart  from  objections  to  gambling  as  gambling,  the  allegations  as  to  the 
effect  of  modern  dealings  in  futures  appear  to  attribute  to  them  influences 
of  two  kinds  :  (a)  that  they  tend  to  depress  prices,  and  are  in  fact  respon- 
sible for  much  of  the  fall  in  price  of  such  commodities  as  wheat  and  cotton 
wbidi  has  taken  place  in  the  last  twenty-five  years  ;  (6)  that  they  cause 
market-pricra  to  be  much  less  steady  than  they  would  be  if  left  to  be 
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determined  bj-  the  tmnsoctionB  of  dealers  haadliog  the  actual  goods  alone. 
It  will  be  coavenieut  to  consider  these  views  separately',  and  to  make  such 
comparisoDB  of  the  actual  conree  of  market- prices  as  seem  most  likely  to 
throw  light  on  the  subject. 

First  ia  the  influenoe  on  the  general  price-level.  The  reason  for 
asserting  that  this  has  been  depressed  by  dealings  in  futures  appeals  to 
be,  when  the  statements  of  the  advocates  of  this  view  are  considered, 
chiefly  that  other  causes  are  inadequate  to  produce  the  result  actually 
experienced.  We  do  not  think  it  is  necessary  to  support  our  dissent  from 
this  view  by  indications  of  the  influences  to  which  the  fall  in  some  prices, 
especially  those  of  wheat,  maize,  and  other  grain,  should  be  attributed. 
To  do  so  would  be  to  travel  far  outside  the  matter  referred  to  us.  It  will 
suffice  to  say  that  we  hold  it  to  be  necessary  to  show  how  the  operation 
of  the  futures-market  can  depress  the  general  price-level  of  the  goods  dealt 
in.  In  only  one  way  can  we  admit  a  real  depressing  influence,  and  that 
is  through  reducing  the  cost  of  handling  :  i.e.,  the  price  may  be  reduced  to 
the  consumer  without  a  reduction  of  price  to  the  producer  of  the  raw  com- 
modity by  cheapening  the  marketing  (as  well  as  the  freight)  charges. 
Such  a  reduction  of  price  would  reduce  the  return  to  all  th<ae  producers 
between  whom  and  Uie  consuming  regions  but  little  expense  of  carriage 
intervened.  It  is  an  important  point  to  examine,  therefore,  whether  the 
return  received  by  the  American  farmer  in  the  great  wheat-producing 
areas  has  been  reduced  largely — whether  it  has  been  reduced  as  much  pro- 
portionately as  have  prices  generally.  This  is  a  point  not  veiy  easy  to 
determine.  The  U.S.  Department  of  Agriculture  compiles  a  figure 
which  is  0ven  as  the  average  farm-price  of  wheat  at  the  beginning  of 
December.  Comparing  this  with  the  average  export-price  of  wheat  from 
the  U.S.,  we  have  (see  for  extended  table  Appendix)  : — 

y                             Averse  farm  price.  Yean  eodiiig               AveMge  export  price. 

'"^                     Centa  per  bashel  Jane  80                       Cents  par  baehel 

1869-78  -                 .     1047  1970-79                 .        .     127-6 

1889-98  .                        ti6-6  18(10-99  .        .        .      797 

These  figures  indicate  a  fall  of  not  very  different  proportions  in  the 
two  prices.  The  {rdght-rat«s  from  Chicago  to  New  York,'  compiled  by 
Mr.  J.  C.  Brown,  of  the  New  York  Produce  Exchange,  show  a  reduction 
of  the  all-rail  rate  of  over  12  cents  per  bushel,  of  the  lake-and-rail  rate 
of  11  cents,  and  of  the  lake-aod- canal  rate  of  over  9  cents,  oomparmg  the 
same  two  periods. 

Aeerage  Ratet.     Ceiitt  per  Buahtl. 


Ye&rs 

lakeuidCuuJ 

'   LtUrauidRul 

AllBkU 

1870-79    . 

l*-8    . 

186    .        . 

86-6 

1890-99    . 

6-2    .        . 

73    . 

13-0 

The  reduced  cost  of  transportation  seems,  in  the  light  of  these  figures, 
capable  of  accounting  for  all,  and  maybe  more  than  all,  the  difierence 
between  the  fall  in  the  farm  and  export  prices.  If  these  figures  were 
really  representative,  the  conclusion  would  be  that  charges  other  tiian 
freight  have  possibly  increased,  since  the  fall  in  price  faJJs  short  of  the 
fall  in  freight,  by  the  all-rail  routes,  between  Chicago  and  New  York. 

I  Cf.StatUtiealAUtraetef  the  United  SaU*. 

,  V,  Google 
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It  is  not,  however,  satiefcictory  to  compare  the  fall  of  price  at  a  parti- 
oular  date  in  the  year  on  the  farm  with  the  average  fall  r^stered  in  a 
year.  A  distinctly  useful  corrective  to  the  idea  that  the  prices  of  recent 
years  at  places  near  the  great  producing  regions  are  without  precedent,  is 
afforded  by  the  record  of  monthly  averages  of  prices  of  wheat  at  Cin- 
cinnati which  are  given  in  the  '  Cincinnati  Price-Current '  (for  table  see 
Appendix).  The  range  of  prices  of  the  ten  j'ears  1844-53  would  compare 
quite  closely  with  those  of  the  post  fifteen  years.  The  lowest  figures,  those  of 
1894,  do  not  touch  the  level  reached  in  the  course  of  1846.  It  is  true  that 
for  long  periods— for  example  in  the  dozen  years  ending  1882— the  fluctua- 
tions of  price  centred  about  a  level  some  50  per  cent,  above  that  aboutwhich 
the  fluctuations  of  1844-53,  or  those  of  the  years  since  1885,  have  centred. 
But  it  does  not  seem  necessary  to  invoke  the  aid  of  the  modem  market 
organisation  to  account  for  a  return,  to  the  level  of  half  a  century  ago. 

It  is  further  of  importance  to  recall  the  fact  that  in  another  great 
staple,  cotton,  the  lowest  prices  of  recent  years  hardly  fell  below  those 
registered  early  in  the  century.  The  table  of  average  prices  of  middling 
American  cotton,  which  is  given  in  the  Appendix  (c/.  p.  435),  shows  that, 
whatever  may  be  the  influences  which  have  depressed  the  prices  of  cotton 
of  late  years,  the  level  reached  is  practically  that  of  the  period  before  the 
American  Civil  War.  Any  suggestion  of  the  need  of  an  influence  from 
the  futarea-market  to  produce  the  actual  result  would  appear  unnecessary. 

It  may  be  granted  that  absolute  certainty  cannot,  on  this  point,  be 
reached  &om  the  examination  of  statistical  compilations.  A  considera- 
tion of  the  matter  from  the  point  of  view  of  the  probable  influence  of  an 
active  futures -market,  however,  shows  no  point  where  a  permanent  de- 
pressing influence  con  arise.  The  facilities  for  short-selUng  are,  it  is 
true,  considerable,  but  the  'bear'  must  cover  his  sales,  and  hence  be 
must,  in  the  end,  support  the  market  by  buying.  And,  it  may  be  added, 
the  oi^oisation  affoids  as  great  facilities  to  the  '  bull '  as  to  the  '  bear,'  so 
that,  whatever  the  effect  on  the  fluctiutions  of  price,  the  increase  of  both 
buying  and  selling  would  hardly  produce  a  strong  pressure  which,  in  the 
long  mn,  is  all  in  one  direction.  The  depressing  effect  of  sales  of  wind- 
wheat  is  hardly  the  some  as  in  the  stock  markets  is  produced  by  the  in- 
troduction of  fictitious  securities.  The  sales,  as  stated,  must  be  covered 
by  purchases,  and  that  within  a  limited  time.  Hence  the  nature  of  the 
commodities    'fictitious  wheat'   and   'fictitious  securities'    is    not    the 

A  not  uninstrnctive  Ulustration  is  aflbrded  by  the  recent  experience 
of  the  Berlin  market.  As  a  result  of  the  Bourse  Law  of  1896,  the  active 
dealings  in  that  market  have  been  restricted  within  very  much  narrower 
limits  than  formerly.  The  form  of  contract  which  is  no  longer  legal  there 
is  still  l^al  in  Liverpool,  London,  Amsterdam,  ahd  elsewhere,  and  to  these- 
centres  much  of  the  business  formerly  transacted  in  Berlin  is  practically 
transferred.  Berlin  is  cut  off  from  that  close  contact  with  the  world- 
market  which  was  maintained  so  long  as  the  methods  of  transacting  busi- 
ness there  were  similar  to  those  in  us6.  elsewhere.  The  result  is  shown  in 
the  annexed  table  (p.  430),  showing  the  average  level  of  price  in  Liverpool, 
Amsterdam,  and  Berlin  in  each  of  the  last  eight  years,  from  which  it  will 
be  seen  that  the  check  on  futures  business  in  that  market  has  oertainly 
not  raised  the  price  there  relatively  to  that  on  the  great  markets  of  the 
woild.  Berlin  prices  have  shown,  indeed,  a  smaller  excess  over  those 
representing  the  free  markets  of  Europe  since  titan  befcwe  the  Bourse- 
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Law.    It  Bhoald  be  added  that  there  has  been 

no  change 

n  the  customs 

duty  on  wheat  or  rye  to  nullify  the  comparison. 

Whe.t,perlMlb. 

Bje.  pet  100  lb. 

Yeu 

B^-in           j      (C^^SC, 

Beriin 

1.  d. 

:    i. 

«.    d. 

*.    d. 

1893 

7    8i 

7     1 

7    Si 

1893 

6  r 

6  10 

Bl^ 

1894 

6  U 

4  11 

6  ^ 

1896 

6    2 

6    2 

6    9 

3    7| 

189S 

6  10 

6  lOj 

S    2| 

1887 

lit 

7     1 

fi    8 

4    3 

lg98 

7    6i 

6    1 

.'8 

1899 

6    9i 

6     3 

B    t 

Reference  may  also  be  made  to  the  fact  that  the  active  operation  of  a 
market  in  futures  has  not  in  every  case  been  accompanied  by  a  declining 
level  of  price.     A  conspicuous  example  to  the  contrary  is  coffee. 

The  second,  and  in  some  sense  alternative,  siiggeation  as  to  the  effect 
of  dealings  in  futures,  is  that  they  result  in  greater  unsteadiness  of  prioe 
than  would  exist  without  them.  Here  what  may  be  called  the  theoretical 
preeumptioD  ia  rather  of  an  opposite  tendency.  In  the  weeks  following 
harvest,  the  pressure  of  abundant  supply  is  likely  to  depress  prices  leas, 
when,  on  the  demand  side,  the  provision  for  the  whole  season  is  r^^larlj 
.  influencing  buyers  through  the  operation  of  a  well -organised  machinery  ; 
while  a  secured  provision  for  future  needs  through  the  game  means  seema 
likely  to  modify  the  pressure  of  buying  in  a  market  which  for  some  reason 
is  temporarily  short  of  supplies.  An  active  market  will  show  more 
numerous  small  fluctuations,  but  the  greater  movements  will,  in  the 
majority  of  cases,  be  reduced  in  intensity  as  the  natural  result  of  active 
dealings  in  futures.  Comers  are  not  excluded,  but  the  growing  magni- 
tude of  operations  is,  as  experience  sufKciently  shows,  rendering  successful 
manipulation  of  comers  more  and  more  di&icult.  An  active  market  is 
frequently  a  sensitive  market  and  subject  to  scares,  but  it  is  able  to 
recover  from  these  scares  more  completely  and  rapidly  than  an  inactive 
market  The  world  wide  range  of  operations  is  a  constant  influence  in 
restraint  of  manipulations  contrary  to  the  general  movements  which  the 
actual  state  of  supply  and  of  demand  tends  to  set  up.  The  dealers  who 
sell  short  in  anticipation  of  a  fall,  or  attempt  to  control  supplies  in  order 
to  profit  by  a  rise,  must  either  possess  such  large  resources  as  to  be  able 
to  force  the  market  to  move  as  they  wish  (and  this,  as  stated,  is  becoming 
increasingly  difficult  on  any  extensive  scale),  or  they  must  gauge  correctly 
the  movements  before  they  set  in.  If  dealers  persistently  opposed  the 
trend  of  prices  as  resulting  from  actual  supply  and  demand,  they  would 
as  persistently  lose,  which  would,  in  the  long  run,  mean  their  disappear- 
ance from  the  market.  In  anticipating  a  movement  which  would  in  any 
case  be  realised,  the  force  of  the  movement  is  likely  to  be  modified. 

The  attention  of  the  Committee  has  been  given  to  the  possibility  of 
measuring  the  comparative  degree  of  stability  of  prices  before  and  since 
the  creation  of  the  great  trading  in  futures.  For  the  pni^>ose  of  gauging 
the  relative  degrees  of  fluctuation,  in  different  markets  and  at  different 
times,  two  indices  have  been  worked  out.     One  is  the  well-known  Stem- 
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dard  Deviatwn,  or,  as  it  is  sometiraea  called,  Uie  Probable  Error,  of  a 
aeries  of  quotations  as  compared  with  the  mean  of  the  whole  series  em- 
ployed. It  seemed  possible,  however,  that  some  serious  fluctuations 
would  escape  notice  in  this  measure,  in  cases  where  rapid  but  only 
moderatelj  violent  movements,  now  upwards,  now  downwards,  charac- 
terised the  market  quotations.  A  few  vei7  large  variations  seemed 
capable  of  outweighing  numerous  smaller  but  quite  serious  movements. 
To  avoid  possibility  of  a  misleading  result,  therefore,  the  mean  actual 
difference  between  each  quotation  and  that  immediately  following  it  has 
also  been  calculated,  and  forms  a  second  messura  of 'the  degree  of  varia- 
bility of  the  price.  In  these  comparisons  the  movements  of  wheat  prices 
have  been  deemed  sufficient. 

The  available  series  of  daily  quotations  did  not  extend  over  a 
sufBciently  long  period  to  make  their  use  for  our  purpose  quite  satisfac- 
tory. To  test  in  some  degree  how  far  less  frequent  quotations  might  be 
used  without  greatly  disturbing  the  Index  obtained,  some  calculations 
were  made  of  the  Standard  Deviation  for  certain  daily  quotations  and 
other  weekly  quotations.  The  results  indicate  that  the  relative  intensity 
of  fluctuations  may  be  fairly  well  measured  hy  weekly  prices. 

It  may  be  added  that  the  S.D.  of  a  series  of  weekly  prices  coincided 
with  remarkable  closeness  to  that  of  a  monthly  series  derived  from  them 
over  a  period  of  half  a  century.  The  percentage  of  standard  deviation  to 
average  price  ia  not  widely  different  in  the  two  vases.  We  have,  there- 
fore, considered  that  the  relative  steadiness  of  prices  may  be  sufficiently 
indicated  from  the  weekly  prices  afforded  in  the  Gazette  Average  Price  of 
English  Wheat.  Has  the  English  farmer  been  subject  to  a  less  or  greater 
degree  of  fluctuation  in  the  price  of  his  wheat  since  futures -markets  have 
dominated  those  prices  ? 

In  the  diagram  annexed  (see  Appendix,  Plate  IV.),  and  in  the  tables 
which  accompany  it,  the  comparison  over  fifty  years  is  shown.  Calendar 
years  have  been  used  because  the  use  of  a  lixed  date  from  which  to  reckon 
the  cereal  year  introduced  the  difBculty  that  it  sometimes  threw  price- 
movements  of  two  harvests  into  one  so-called  cereal  year.  Were  the 
cereal  year  able  to  be  taken,  the  fluctuation  shown  might  be  somewhat 
reduced.  The  computation  of  the  S.D.  for  these  years,  making  each 
year  begin  with  September,  has  been  made,  and  no  great  difference  would 
be  shown  had  those  results  been  plotted  on  the  diagram  in  place  of 
those  for  calendar  years.  The  summary  of  the  tables  in  the  Appendix 
is  as  follows  : — 

Gazette  Areraije  "f  Engliek  Wheat. 


Period 

litE0-S9 

1860-68 

1B70-T8      1880-M 

I8BO-09 

Average  Price  *.  d.  per  quarter 
Standard  Deviation 

53    4 

0  io| 

51     » 

61     S       37     0 

3  101     1  11 ; 

0    7g       0     r>i 

28    9 
2     6} 

0    6i 

The  gradual  narrovring  of  the  range  of  variation  is  a  noteworthy 
feature  of  the  table.  The  fact  that,  considered  as  a  percentage  of  the 
price,  the  variability  has  hardly  been  reduced,  is  equally  noteworthy ;  but 
it  is  a  disputable  point  whether  the  actual  money  amount  of  the 
variability  is  not  rather  to  be  taken  into  account  than  the  percentage 
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variability.  Attention  may  be  especially  called  to  the  fact  tbat,  except 
for  the  disturbance  due  to  the  Leiter  conier,  the  period  of  comparative 
stability  in  the  Gazette  Average  Price,  stability  in  the  sense  of  freedom 
from  violent  fluctuations,  sets  in  precisely  at  the  time  when  the  organisa- 
tion of  the  futures -markets  had  reached  that  stage  to  which  their  op- 
ponente  attribute  malign  results. 

A  comparison  of  the  relative  variability  of  prices  in  different  centres 
is  also  not  without  interest.  In  the  following  table  the  movements  in 
Berlin,  New  York,  Chicago,  and  Liverpool  are  compared  in  each  of  the 
last  four  years,  in  shillings  and  pence  per  cental  of  100  lb. 


Berlin :  S-D.  . 
M-D.M. 
Average  Price 


New  York :  S.D.     . 
H.D.H. 
Average  Price 

Chicago  (Spring):  6.D. 
M.D.M. 
Average  Price 

Liverpool :  S.D.      . 
M.D.M. 
Average  Price 


WinteiWhwt 


Spring  Wheat  jWinb 

1    ! 


91 

S  4 


Whe»t  Winter  Wheat! 

f 

4 

't 

2i 

IJ 

i  llf 

:i 

H 

»4 

S.D.  -  Standard  Deviation,  H.D.M.  s  Mean  DmIj'  Movement. 

The  restiictions  imposed  on  Berlin  business  have  not,  apparently, 
increased  the  steadiness  of  prices,  which  is  a  feature  in  which  an  influence 
was  anticipated  by  the  advocates  of  the  restriction. 

We  have  failed  to  find  any  conclusive  evidence  in  favourof  the  theory 
that  prices  have  been  depressed  as  a  consequence  of  the  development  of 
niarkets  for  futuro  delivery  business,  and  have  found  reasoa  for  believing 
that  in  point  of  steadiness  some  change  for  the  better  is  traceable  since 
the  influence  of  these  markets  became  great.  These  conclusions  are  in 
accord  with  the  deductions  which  a  theoretic  examination  of  the  qnestioo 
yields. 

In  what  precedes  the  word  'futures'  has  been  uniformly  used  to 
indicate  the  kind  of  business  contemplated.  The  distinction  between  the 
contract  for  delivery  within  a  definite  future  period  of  time  and  the 
contract  which  confers  the  right  to  demand  that  such  a  bargain  shall  be 
entered  upon  at  a  definite  price  seemed  to  be  conveniently  made  by 
reserving  the  name  '  option '  to  the  latt«r  class  of  contract,  although 
actual  practice  in  this  matter  is  not  quite  definite  and  consistent.  To 
make  a  distinction  not  always  made  in  practice  seemed  calculated  to  avoid 
confusion. 
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TiCLS  I. — Whtat  and  Maiix:  Average  Farm,  Price,  Average  Price  at  Chicago 
and  New  York,  and  Average  E-rport  Price  i»  Cetitt  per  buihel,^ 


' 

Whe»( 

" 

" 

UAize 

Ayerage 

' 



ATsnuto 

Averse 

Aver.«a 

Ycu 

Price 

Chioago 

New  York 

W 

Farm 
Price 

Chic^o 

New  York 

Export 
P^ 

18W 

L~~ 

44 

10»i 

95 

_ 

48i 

67 

z  ~ 

1841 

46 

113 

95 

31 

60 

1842 

113 

112 

27  ' 

28 

1843 

47 

94i 

85 

29 

1811 

5r. 

96 

90 

41 

60 

1845 

62 

losf 

86 

36 

50i 

1846 

40 

104 

26 

es* 

'     1817 

63 

136 

isr 

27i 

84J 

1848 

72 

121 

131 

33 

63 

1849 

59 

104 

114 

m 

61 

1860 

<i3 

106 

106 

Si 

fii4 

1861 

„ 

54i 

100 

:i3 

63 

1     1852 

41 

95 

37J 

66 

1853 

75 

112 

_ 

47 

71 

— 

.     1854 

97 

18t 

153 

- 

46 

76i 

_ 

:     1855 

_ 

134 

210 

186 

68i 
42I 

1856 

113 

169 

185 

_ 

69 

1857 

93 

148J 

163 

_ 

le' 

73 

1858 

62 

106 

102 

41 

S!t 

1     1859 

77 

123 

96 

]     1860 

97 

124 

98 

73 

'     1861 

71 

111 

123 

59 

641 

I     1863 

93-7 

73 

118 

114 

34-8 

69 

56 

1863 

114 

97 

126 

128 

699 

83i 

66'8 

1861 

183-1 

140i 

183 

133 

99-5 

144' 

81-8 

186G 

146-3 

117 

176 

194 

46 

123i 

130 

I     1866 

219-6 

list 

181 

141 

68-2 

88 

81-9 

1867 

199 

193 

228 

127 

79'5 

117i 

100 

1868 

142-4 

176 

213 

190 

fl2-8 

120 

117-5 

1S69 

941 

lU 

1469 

139 

75-3 

100 

96-8 

1870 

104'3 

92 

118 

129 

54-9 

»9i 

92-6 

1871 

1258 

121 

148 

132 

4S'2 

*n 

77 

759 

1872 

124 

120* 

15fii 

U7 

398 

39 

70 

69-5 

1873 

1151 

\\i\ 

!:^l 

131 

48'6 

33 

63 

61-8 

1874 

94-1 

143 

64'7 

64 

85 

71-B 

1875 

100 

101 

121* 

112 

42 

Si 

S3 

84-8 

1876 

103-7 

102J 

123 

124 

37 

67-2 

,     IB77 

108-2 

127 

149 

117 

35-8 

434 

58 

5«-7 

!     1S78 

77-7 

99i 

121i 

134 

31 '8 

39 

68J 

562 

'  ATOrage  lura  price*  frcm  Boports  of  U.S.  Department  ot  Agriculture.  Prices 
nl  Cbicago  and  New  York  (spring  wheat)  from  tlie  U.S.  Senate  Report  of  1893  on 
Whilecale  Prices,  Wages,  and  TransportatioD  from  1840  t<>  1891 ;  aod  far  later  Team, 
for  New  York  (winter  Ti>heBt)t  fr.im  llie  U.R.  Btatlstical  Abstract,  apd  tor  Chicafro 
from  Memra.  HowHH,  Btlrtblfi,  *  Ko,"^  SccoW  of  SttttiiticKl  Ihfbrlflatibn.  ,.,1,. 
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37-6 
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47 

47-1 

1880 
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89-6 

37 

BS 

64-3 

1881 

119-2 

112 

.125 

111 

63-6 

49 

61i 

65-2 

1883 

88-2 

122 
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48* 

66 

76' 

66-8 

18K3 

91'1 

99 
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42-4 

60S 

64 

68-4 

1884 

MS 

86 

95i 
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3S-7 

Bi 

<SI 

611 

1888 

77-1 

82 

90^ 

89 

32-8 

41 

62 

mo 

1888 

fi8-7 

77 

if 

87 

36-6 

36 

47 

49-8 

1S8T 

08-1 

75 

87 

89 

44-4 

38i 

4Hi 

47-9 

1888 

92-6 

'4 

S2i 

SG 

34-1 

48 

:4 

55fl 

1889 

6S-8 

96 

90 

2fr3 

34 

43 

47-4 

1890 

83-8 

85 

91 

88 

60-6 

3G 

*H 

41-8 

1891 

83-9 

95i 

106 

93 

40-6 

67 

07* 

57-4 

1892 

624 

79 

01 

103 

39-3 

46 

54 

56'1 

1893 

63-8 

68 

74 

80 

se-5 

39 

GO 

53-4 

1894 

49-1 

57 

61 

67 

46T 

43 

61 

46-2 

laoG 

60-9 

l^ 

67 

58 

25-8 

40 

47i 

S2-9 

1896 

72'6 

78 

66 

21-5 

2G 

34* 

37'e 

1897 

80'8 

6? 

9Bi 

75 

26-8 

26 

32 

:»-6 

68'2 

90 

9S 

98 

28-7 

31 

Hi 

36-5 

1899 

68-4 

"i 

791 

75 

303 

83| 

39-8 

Table  II. — TVtce  of  Wheat  at  Cinciimati.     Centi  per  bvuM. 
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TabL£  lU.—Aofrage  Oaxtte  Price  of  ETtglUh    Wheat,  Standard  Beetation  and 
Mean  Weekly  Movement.    Shillings  and  Pence  per  Quarter. 


Year 

XT 

SUndaid 
Deviation 

S3^ 

Teat 

Avarage 

Pries 

Standud 
Deviation 

Mean 
Weekly 

..    d. 

■.      d. 

a. 

1.    d. 

..       d. 

d. 

1S60 

40    3 

\% 

18TS 

46    2 

a   3 

H 

1861 

38     7 

^i 

1876 

46    3 

2    0 

a 

18B2 

40  10 

1     81 

n 

1877 

66  10 

6  10 

12 

1863 

G3     1 

10    7| 

is' 

1878 

46    6 

4     7 

S 

1854 

72    S 

8  4 

1879 

43  n 

4    I 

1866 

74    » 

*     4t 

1880 

44     4 

1  11 

8 

18G6 

69    8 

4  10 

1881 

15    5 

2  10 

H 

1867 

66    6 

3    9 

lOi 

18S2 

46     1 

3     1 

7 

1868 

44     3 

1  11 
3     7 

7S 

1883 

41     7 

■M 

1BE9 

4S  10 

9 

1884 

;t5     9 

2    ?               4S         1 

1860 

63     3 

6    0 

lOj 

188S 

32  10 

1  KX 

6i 

1861 

SG    4 

■A    0 

4     7 

«ii 

1886 

31     1 

1  -4 

H 

1862 

6G    6 

7i 

1887 

32     6 

2    ] 

6 

1863 

44    9 

3    7 

6* 

1888 

31  11 

llOi 

S 

3 

1864 

40    3 

6 

1889 

29  10 

0    7 

1866 

41  10 

2  lOi 

6 

1890 

31  11 

1  11 

4 

1866 

GO    0 

10 

1891 

37    0 

2  11 

7 

1867 

64     6 

3    U 

3 

1892 

30    4 

2     6 

4 

1868 

63    9 

10 

1893 

36    4 

0  lOJ 

2 

1869 

48    3 

2  10{ 

8 

1894 

22  11 

2    7i 

R 

1870 

46  11 

i    2i 

9 

1836 

23     1 

2  4 

4 

1871 

66   a 

2    2 

5 

1896 

20     3 

2  lOJ 

G 

1872 

07    1 

1     9i 

1897 

30    3 

2    6|  . 

ej 

1873 

r)S  8 

v\ 

j_: 

1898 

34    0 

6     ij 

,., 

1874 

56  10, 

1899 

25    9 

0  lOt 

Tablb  IV. — Aneras 

Price  of  Middling  American  Cotton  at  Ziverpool. 

In  pence 

per  pound.     From  TattirealC,  Cotton  Trade  Circular,  1899. 

ye«r 

"■   i!  •'- 

l). 

6? 

Tear      j         d.        jl      Yair 

d. 

1801 

18 

1826 

1861 

6         II      1876 
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^ 

1802 

16 
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4 
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°4' 

1803 

12i 

1828 

4 

1863 

f 

1878 

1804 

14 

1829 

el 

1864 

1879 

1805 

IGJ       .;      18.10 
18|       !      1831 

.1866 

5 

1880 

1806 

6 

1856 

fl^ 

1881 

1807 

"i 

1832 

6fi 

1867 

7 

1882 

1808 

22 

1833 

t 

1868 

6 

1888 

1809 

20 

1834 

» 

1859 

6 

1884 

6 

1810 

15        ! 

1835 

10        1 

IBGO 

6 

1885 

5| 

1811 

12 

1836 
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1861 

4 

1886 

1812 

16 

1837 

7 

1862 

1^ 

1887 

61 

1813 

23         1 

1838 

7        ' 

ms 

23} 

1888 

1814 

29i 

1839 

^i     1 

1864 

27i 

1889 

1816 

20| 

1840 

6         ' 

1865 

19     ; 

1890 

6 

1816 

18| 

1841 

GJ        ■ 

1866 

16i 

1891 

s 

1817 

m 

1842 

g!    , 

1K67 

!S| 

1892 

1818 

20" 

1813 

a    : 

1868 

1893 

4 

1818 

13 

1844      1        4         , 

1HS9 

14,  '■ 

1894 

3-, 

1820 

11 

1846      1        4         1 

1870 

1895 

3^ 

1821 

9 

1846      ;        4         1 

1871 

1896 

i 

182S 

8 

1847  '         6 

1848  4 

1849  6j 

1873 

1897 

3 

1823 

8 

1873 

9  ' 

1898 

k 

1824 

8 

1874 

8 

1898 

X8M 

11 

J 
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1876 
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'J3G  RErORT— 1000. 

State  Monopolie»  in  other  Countries. — Inlarim  Report  of  the  Committee, 
consistinfj  of  the  late  Professor  Hesry  Sidowick  (Chairman), 
Mr.  H.  HiGGS  (Sea-etarij),  Mr.  W.  M.  Ackworth,  the  Right  Hon. 
L.  H.  Courtney,  and  Professor  H.  S.  FoxwElx. 

TnE  Committee  have  collected  the  mateiials  for  a  report  the  lines 
of  which  were  under  discuasion  nt  the  time  of  the  Chairman's  last  illneEs. 
It  waa  hoped  that  he  would  be  able  to  agree  to  a  report  by  the  end 
of  June  ;  but  as  he  was  unable  to  sign  a  draft,  the  Committee  have 
not  proceeded  further  in  the  matter.  They  recommend  that  the  Com- 
mittee he  reconstituted  under  a  new  Cliairman  for  the  purpose  ot 
reporting  at  an  early  date,  and  be  allowed  to  retain  the  unexpended 
balance  of  the  grant. 

SmaU  Screw  Gauge. — Report  of  Vie  Committee,  ammsting  of  Sir 
W.  H.  Preece  (Cliairman),  Lord  Kelvin,  Sir  F.  J.  Bhamwell, 
Sir  H.  Trueman  Wood,  Major-Gen.  Webber,  Col.  Watkin,  Messie. 
11.  E.  Crompton,  a.  Stroh,  A.  Le  Neve  Foster,  C.  J. 
Hewitt,  Q.  K.  B.  Elphinstone,  E.  Bigg,  C.  V.  Boys,  J. 
Marshall  Goream,  aiwZ  W.  A.  Price  (Secretwrij),  appointed 
for  the  purpose  of  cmundeiing  whether  the  British  Asxociaiion  form 
of  Thrend  for  Small  Soreive  should  be  Tnoifijied,  and,  ifBO,inwhat 
direction.     (Drawn  up  by  the  Secretary.) 

ArvsVDlK.—Sfport  of  EipCTimimit  en  Screm  Threadt  made  by  J.  Mabbhall 

OosHAU  and  W.  A.  ?ricb p.  444 

This  Committeo  waa  appointed  at  the  Ipswich  Meeting  of  the  British 
Association  in  1895,  to  consider  repeated  complaints  that  screws  of  the 
British  Association  thread,  proposed  bj  the  Committee  of  1882,  obtained 
commercially,  were  not  satisfactorily  interchangeable.  It  was  evident 
that  the  difficulty  arose  from  the  want  of  proper  gauges,  or  other  ready 
means  of  testing  screw  threads,  and  the  Committee  at  once  took  steps  to 
find  out  how  these  could  be  obtained.  In  a  report  presented  at  the  JDover 
Meeting  of  the  Association  last  year  {1899)  were  described  the  efFort4  we 
had  made  to  secure  the  production  of  these  g»uge&,  and  to  make  them 
generally  available  in  a  commercial  way.  We  reported  that  a  high  degree 
of  accuracy  in  dimensions,  though  not  in  form,  had  been  attained  in  a 
small  number  of  specimens  submitted  to  us  by  the  Pratt  and  Whitney 
Company  ;  that  these  were  the  product  of  exceptional  skill  and  care  ;  and 
that  they  were  only  obtained  after  long  delay.  These  gauges  were  suffi- 
ciently good  for  all  practical  requirements,  and  had  gauges  of  the  aamn 
character  been  generally  available  some  years  before,  it  is  probable  that 
the  complaints  which  led  to  the  appointment  of  this  Committee  would 
never  have  been  made.  Taking  into  consideration  the  difficulty  that  had 
been  met  in  obtaining  these  gauges  ;  the  representations  made  by  the 
manufacturers  of  the  difficulty  in  producing  them,  and  of  the  comparative 
ease  with  which  a  flat-topped  thread  can  be  accurately  formed  ;  and  the 
fact  that  such  screws  are  used  in  foreign  countries  for  the  best  class  of 
engineering  work,  we  reported  that  the  form  of  the  British  Association 
thread  was  unsatisfactory,  and  recommended  that  the  Committee  should 
be  reappointed  to  consider  its  modiiication. 

A  pr<^H»al  to  alter  the  form  of  an  established  and  generally  si 
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tory  sjstem  of  screw  threads  may  c&ubo  some  apprehension  among  users 
of  them,  and  the  Committee,  many  members  of  which  are  intimately 
acquainted  with  the  trouble  and  inconvenience  incidental  to  a  change  of 
the  kind,  rccogniee  that  very  Gubstantial  reaaons  are  required  to  justify  it. 
They  think  it  desirable  that  the  considerations  which  have  led  them  to 
make  tbis  proposal  should  be  fully  stated. 

Consideration  of  the  exact  cause  of  the  difficulty  found  in  the  con- 
struction of  gauges  for  the  British  Association  thread  showed  immediately 
that  it  was  due  to  the  rounded  top  and  bottom  ot  the  thread.  There  is 
no  difficulty  in  making  any  given  angle  between  the  straight  portions  or 
sides  of  the  generating  tool  or  chaser,  but  to  arrange  that  these  straight 
lines  shall,  at  definite  points,  turn  smoothly  into  circular  area  of  a  given 
radios  is  a  matter  of  some  difBculty.  The  difficulty  has  been  met  with  a 
good  deal  of  success.  The  original  threads,  cut  by  Mr.  Lehmann,  and 
those  produced  recently  by  the  Pratt  and  Whitney  Company,  are  admirable 
specimens  of  workmanship,  especially  when  the  small  size  of  the  pieces 
is  considered  ;  and  to  the  careful  work  done  by  Mr.  Lehmann  in  the  years 
following  1882,  when  originating  the  threads,  the  success  they  have 
achieved  is  largely  due.  The  production,  however,  of  chasers,  even  if  it 
can  be  repeated  indefinitely,  does  not  end  the  difficulty.  The  hardening 
of  the  screws  produced  by  these  tools  introduces  some  inaccuracy.  They 
ore  no  longer  perfectly  straight,  perfectly  cylindrical,  or  of  perfectly 
'  accurate  pitch,  and  the  only  way  to  correct  them  is  by  grinding.  The 
inaccuracies  produced  by  hardening  are  not  of  sufficient  importance  to 
affect  the  use  of  taps,  and  in  the  case  of  die-plates  the  errors  produced  in 
the  diameters  are  corrected  by  opening  or  closing  the  die  ;  but  for  gauges 
corresponding  to  modern  ideas  of  mechanical  accuracy  the  errors  pro- 
duced by  hardening  are  considerable,  and  much  greater  than  those  found 
in  screws  whose  forms  can  be  finally  obtained  by  grinding.  With  the 
British  Association  thread  this  process  does  not  seem  to  be  practicable 
except  perhaps  in  single  specimens,  and  in  this  lies  the  inherent  defect  of 
the  thread. 

A  way  out  of  the  difficulty  is  olTered  by  the  adoption  of  a  flat-topped 
thread,  but  before  this  can  be  discussed  it  is  necessary  to  consider  what 
are  the  peculiar  advantages  of  the  rounded  thread,  which  have  brought  it 
into  general  use,  and  led  to  its  adoption  by  the  original  Committee.  The 
British  Association  thread  was  taken  with  a  slight  modification  directly 
from  Professor  Thury's  Swiss  system,  which  had  been  constructed  by 
finding  a  formula  to  represent  the  average  existing  practice  among  Swiss 
clockmakers.  Sir  Joseph  Whitwurth  formed  his  system  of  screwy  in  a 
similar  way  by  averaging  the  English  engineering  practice  of  his  time.  It 
appears  that  the  object  in  view  in  both  these  canes  was  to  regularise  exist- 
ing practice,  not  to  elTect  a  reform  ;  and  that  an  alteration  in  the  form  of 
thread  in  common  use  was  not  contemplated.  The  same  was  done  in 
America  for  the  United  States  thread,  so  far  as  the  pitches  and  diameters 
were  concerned,  but  the  form  of  the  thread  was  determined  by  Dr.  Sellers 
on  genera]  considerations.  The  origin  of  the  round  thread  in  the  British 
Association  system  was  in  the  common  practice  of  the  Swiss  workshops 
when  the  rule  was  constructed.  Now,  whatever  may  be  the  prescribed  shape 
of  the  thread,  it  is  certain  that  small  screws,  produced  on  screw  machines, 
will  have  rounded  tops,  and  if  a  new  rule  for  American  threads  were  con- 
structed from  the  shapes  of  ordinary  small  screws  found  in  the  United 
States,  the  form  obtained  would  have  a  rounded  top,  notwithstanding  that 
they  ore  all  supposed  to  represent  the  flat-topped  Hellers  thread.     Since 
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a  screw  niachJDe  tends  to  produce  rounded  threads,  and  the  natural  course 
of  trade  conditions  tends  to  the  reproduction  of  current  forms,  the  common 
nse  in  Switzerland  of  screws  with  rounded  threads  does  not  necessarily 
show  that  such  a  form  has  especial  merit,  or  had  originally  been  delibe- 
rately  desired.  It  may  be  only  the  result  of  working  conditions. 
Profe-.sor  Thury,  in  defining  his  thread,  chose  a  form  which  could  be  easily 
produced  with  fair  accuracy,  ii  perfectly  etiiciencr,  and  can  be  conformed 


A-         B 


to  in  practice,  but  we  venture  to  think  it  fails  to  meet  other  important 
conditions 

To  ascertain  the  conditions  which  should  determine  the  form  of  a 
screw  thread,  consider  the  mode  of  action  of  a  screw  holding  two  pieces 
together.  In  fig.  1  the  screw  serves  to  hold  the  plate  a  to  the  solid 
part  B,  and  a  small  part  of  the  thread  is  diawn  on  a  lai^r  scale  Ijeiow. 
The  action  of  the  acrew  depends  on  the  tensile  strain  due  to  the  pressure 
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prudaced  over  the  surfaces  aa,  aa, .  .  . ,  and  the  oompreBeion  produced 
there  by  the  act  of  Bcrewiag  up  relieves  any  preasure  over  the  surfaces 
bb,bb,.  .  .  .  Contact  and  pressure  at  the  points  cec  .  .  .  depend  on 
the  relative  diameters  of  the  screw  and  the  tapped  hole.  The  spaces 
shown  in  the  figure  along  the  surfaces  bb,bb,  .  .  .  are  of  course  {greater 
than  would  occur  in  a  well-fitted  screw.  Now  if  the  thread  may  be  looked 
upon  merely  aa  a  means  of  supporting  the  tensional  strain  on  the  bolt, 
without  offering  much  f  notional  resistance  to  screwing  up,  it  is  clear  that 
this  will  be  most  efficiently  done  if  the  pressure  is  evenly  supported  over 
the  whole  of  the  working  surface  of  the  thread  a  a,  a  a,  .  .  .,  and  within 
the  assigned  dimensions  of  the  ttiread  this  surface  should  be  as  large  as 
posable.  Contact  and  pressure  at  the  pcnnts  e,c,...  depending  on  the 
respective  diameters  of  the  screw  and  the  tapped  hole  may  interfere  with 
the  fair  contact  of  the  working  surfaces,  involve  extra  resistance  to  screw- 
ing up,  and,  GO  far  as  the  support  of  the  tensional  strain  is  concerned,  serve 
no  useful  purpose.  The  best  design  for  the  thread,  in  view  of  its  function 
of  supporting  the  tension,  is  that  which  secures  most  perfectly  a  continuous 
working  contact  over  the  surfaces  a,  a  a,  .  .  .,  and  freedom  from  pressure 
at  other  points.  These  conditions  are  met  best  by  a  thread  having  straight 
sides,  A  flat  top,  and  a  clearance  space  at  the  top  and  bottom  of  the  thread 
such  as  is  shown  in  fig.  2  (p.  441).  The  provision  of  straight  sides  gives 
a  form  to  the  originating  tool  which  can  be  produced  with  more  ease  and 
accuracy  than  one  of  a  curved  form,  and  assists  to  secure  correspondence 
between  the  surfaces  of  the  screw  and  nut :  the  provision  of  a  flat  top  gives 
the  largest  possible  area  to  the  working  surface  within  tlie  given  limits  of 
the  thread  :  the  pro\'ision  of  a  clearance  space  at  top  and  bottom  removes 
the  possibility  of  any  interference  with  the  fit  of  the  working  surface  by 
irregularities  of  form  at  those  pointe,  and  avoids  unneceiisary  friction. 
Screws  with  straight  sides  and  flat  tops  are  pei-feotly  .satisfactory  in  in- 
strument practice,  are  employed  in  France  and  Germany  for  the  most 
important  engineering  work,  and  are  uniiersfll  in  America  for  work  of  all 
kinds,  for  instrument  work  as  well  as  heavy  engineering  work.  We 
understand  that  the  provision  of  clearance  is  wtiH  recc^nised  in  the  practice 
of  American  and  French  engineers,  who  use  tlie  Sellers  thread,  and  Mr. 
Hewitt,  at  Prescot,  gives  a  very  liberal  cleanini.'e  in  the  screws  manu- 
factured by  him.  The  ease  with  whicii  such  threads  are  originated  is  a 
ptoint  in  their  favour,  though  it  would  be  of  small  importance  if  it  were 
shown  that  the  thread  is  practically  defective  in  other  ways. 

As  regards  the  reduction  of  the  sectional  area  of  the  core  by  the  piti- 
posed  deepening  of  the  tliread,  the  figures  ubtained  by  Messrs.  Oorliam  and 
Price,  corroborated  by  common  cx]>erience,  sliow  that  scruws  give  way 
under  tension  by  breaking  across  tlie  core  rather  than  by  strijiping  their 
threads  or  those  of  the  nuts  ;  and  it  has  been  urged  against  the  propt)sal  to 
deepen  the  thread  that  it  weakens  the  screw  in  its  already  weakest  part. 
The  reply  to  this  is  that  the  strength  of  the  screw  is  really  determined  by 
the  strength  of  the  core,  and  that  the  British  Association  scries  is  so 
closely  spaced  that  a  screw  can  always  be  found  whose  core  is  of  the 
required  size.  Moreover,  in  well-designed  work,  screws  have  so  large  a 
factor  of  safety  that  a  redaction  of  the  section  of  the  core  by  an  amount 
varying  from  6  per  cent,  in  targe  screws  to  1 2  per  cent,  in  small  screws 
will  not  generally  be  a  matter  of  great  importance,  though  it  will  be 
remembered  that  the  resistance  to  tordono]  fracture  varies  inversely  as 
the  square  of  the  sectional  area. 
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The  adoptioD  of  a  flat-topped  thread  with  a  cleaninoe  vould,  we 
believe,  completelj  obviate  the  difficulty  of  producing  Batiflfactory  gauges, 
the  question  to  which  the  attention  of  this  Committee  was  originally 
directed.  The  construction  of  these  is  referred  to  later  in  the  report. 
Other  elements  of  the  screw  have  received  the  attention  of  the  Committee 
as  follows. 

Mr.  George  M.  Bond,  of  the  Pratt  and  Whitney  Company,  has 
expressed  to  the  C-ommittee  a  strong  opinion  that  the  angle  of  60° 
employed  in  the  Sellers  thread  is  most  suitable  for  screws  because  of  the 
ease  with  which  it  is  formed.  Tools  can  be  ground  without  difficulty, 
and  with  great  accuracy,  to  any  desired  angle,  and  Mr.  Bond's  reason 
appears  to  the  Committee  insuUicient  of  itself  to  justify  a  change  in 
practice.  Considering,  however,  the  extent  to  which  screws  of  the 
Sellers  form  are  employed  in  foreign  engineering  work,  the  Committee 
desired  to  obtain  some  evidence  of  the  exact  value  of  the  particular  angle 
of  60°,  since,  if  this  angle  were  found  to  possess  a  great  advantage  over 
the  angle  of  47^°,  the  adoption  of  the  Sellers  thread  would  have  the 
additional  Tccommendation  of  bringing  the  small  screw  practice  into  line 
with  an  already  extensive  engineering  practice,  while  giving  effect  to  the 
conclusions  already  reached  by  the  Committee  of  the  desirability  of  clear- 
ance and  a  flat-topped  thread.  Some  experiments  on  lines  suggested  by 
Mr.  CromptoQ  have  been  carried  out  by  Jlessrs.  J.  Marshall  Gorhnm 
and  W.  A.  Price,  and  their  results  are  printed  as  an  appendix  to  this 
report.  They  concluded  that  an  angle  of  i'k"  is  better  for  screws  than 
an  angle  of  60°,  on  the  ground  that  it  ofiere  much  leas  frictional  resistance 
to  screwing  and  unscrewing  on  a  given  tensional  load,  and  the  general 
tendency  of  this  observation  is  corroborated  by  the  practice  of  using  a 
thread  for  the  leading  screws  of  lathes,  the  screws  of  carpenters'  clamps, 
and  of  screw  jacks,  in  which  the  working  surface  is  perpendicular  to  the 
axis  of  the  screw.  Another  consideration  leads  ua  to  think  it  undesirable 
to  adopt  an  angle  of  60'.  The  advantage  of  bringing  small  screw -practice 
into  line  with  that  of  foreign  engineers  will  only  be  fully  gained  if  their 
rule  for  the  si^e  of  the  flat  top  of  the  thread  is  also  adopted.  This  rule 
gives  a  maximum  possible  clearance  of  '108  pitch  when  the  thread  is  cut 
to  a  perfectly  sharp  V  at  the  bottom.  This  clearance  would  be  sufiident 
but  tools  with  perfectly  sharp  points  are  maintained  with  difficnlty,  and 
it  would  not  generally  obtain.  A  tool  of  47^°,  ground  to  give  a  clearance 
of  *1  of  the  pitch,  has  a  flat  at  the  point  one-seventh  of  the  pitch  wide. 
For  small  screws  Professor  Thury'a  angle  of  47^°  had  the  same  sanction 
of  practice  among  oloclcmakcrs  as  a  larger  angle  had  among  engineers 
when  it  was  adopted  by  Dr.  Sellers  ;  and  though  it  is  often  difficult  to 
assign  exact  reasons  for  the  particular  practice  of  practical  men,  yet  it 
cannot  1»  disregarded  unless  the  reasons  for  its  use  are  quite  clear,  and 
are  shown  to  be  insufficient.  We  sec  no  sufficient  reason  to  change  the 
present  angle  of  47!;'',  especially  as  a  change  of  angle  would  make  existing 
stocks  and  tools  altogether  useless  iu  conjunction  with  the  existing  form. 
The  existing  aeries  of  pitches  and  diameters,  witli  their  designating 
numbers,  is  generally  approved,  and  the  Committee  have  received  no  sug- 
gestion that  it  is  otherwise  than  satisfactory. 

Thus  far  it  has  been  assumed  that,  given  the  necessary  tools,  all  forms 
of  thread  con  be  produced  with  the  same  ease.  This,  however,  does  not 
apply  to  the  small  screws  used  in  watches,  which  are  produced  by  turning 
the  blanks  into  a  hard  die  without  cutting  edges.    In  such  a  process 
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great  forco  would  be  required  either  to  aqueeae  the  metal  into  sharp 
re-eatmnt  Angles,  or  to  make  it  flow  past  sharp  corners.  On  this  point 
Mr.  C.  J.  Hewitt  writes  to  the  Committee  respecting  the  proposed  altera- 
tion of  the  Biitish  Association  thread  :  '  A  die  of  this  operating  character 
for  screws  flatted  top  and  bottom  soon  loses  ita  contour,  and  needs  con- 
stant replacement ;  and  in  addition  my  experience  leads  me  to  boUeve 
that  it  requires  more  force  than  a  rounded  thread  ;  therefore  it  seta  up 
more  torsional  strain  of  the  metal,  a  factor  of  great  moment  where  such 


small  diameters  are  being  produced,  breakage  in  the  dies  being  a  oon- 
stant  source  of  trouble  even  at  the  best.'  In  the  same  letter  Mr.  Hewitt 
explicitly  approves  the  proposals  of  the  Committee  for  the  larger 
threads,  botji  as  regards  the  flat  top  and  the  provision  of  clearance. 
Mr.  Hewitt's  experience  at  the  Prescot  watch  factory  is  so  large,  and 
his  knowledge  of  the  manufacture  of  watchmakers'  screws  is  so  intimate, 
tliat  the  other  members  of  the  Committee  have  no  hesitation  in  accepting 
his  suggestion  to  divide  the  present  series  into  two  sections.  The  large 
section,  con.sisting  of  what  may  be  called  instrument- makers' screws,  from 
Mo.  0  to  No.  11,  includes  screws  from  6  mm.  to  1-5  mm.,  or  in  English 
measure  from  ^  inch  to  -059  inch.  The  small  section,  from  No.  12  down- 
wards, consisting  of  watchmakers'  screws,  includes  screws  below  1*5  mm., 
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or  in  English  measure  below   -059  inch.    The  Committee  pK^Kiae  to 
modify  the  form  of  thread  of  the  screw  of  the  large  section  only. 

The  above  coneiderations  lead  the  Committee  to  propose  to  replace 
the  present  form  of  thread  of  screws  from  No.  0  to  No.  11  inclaaive  by 

the  form  shown  in  fig,  2. 

Here  the  line  A'  A  A  .  .  .  represents  the  outline  'of  the  nwt,  B'  BB . . . 
of  the  screw  ;  and  def .  .  .is  the  outline  of  the  present  British  Association 
thread.  It  will  be  observed  that  the  flat  part  of  the  aide,  or  the  working 
surface,  is  increased  by  nearly  60  per  cent.  Accurately  formed  screws 
of  this  pattern  for  special  purposes  can  be  cut  on  the  lathe  with  much 
greater  ease  than  those  with  a  rounded  thread.  The  screw  is  cut  with 
a  single-point  tool  from  a  cylinder,  and  in  the  larger  sizes  the  nut  can  be 
cut  with  a  single-point  tool  from  a  cylindrical  hole.  The  difficulty  of 
forming  chasers  of  a  complicated  form  is  entirely  avoided.  These  observa- 
tions apply  equally  to  the  constructiou  of  taps  and  plates,  and  of  gauge- 
pieces.  Given  that  the  pitch  of  the  screw  and  the  angle  of  the  thr^d 
are  accurate,  and  the  sides  straight,  the  fit  of  the  screw  in  a  correct  gauge 
is  determined  by  the  length  of  the  diametral  line  terminated  by  the  in- 
clined sides  of  the  thread,  and  this  dimension  is  called  the  effective  diameter 
o/the  screw.  If  this  dimension  is  thesameinthe  screw  and  the  nut,  they 
will  fit  without  shake  independently  of  the  esact  values  of  the  est«mal 
and  internal  diameters,  or  of  the  exact  form  of  the  ends  ;  and  the  lengths 
of  the  effective  diameters  of  screws  and  nuts  are  definite  numerical 
measures  of  their  fits  one  with  another.  The  point  which  it  is  important 
should  be  right  is  the  straight  between  A'  and  B  in  both  nut  and  screw. 
The  nut  must  nob  pass  A',  nor  the  screw  pass  B  ;  but  so  long  as  the  nut 
is  cut  as  far  as  B  or  farther  the  shape  of  the  e."ccess  does  not  matter.  The 
same  thing  holds  with  the  screw  at  A',  but  here  excessive  clearance  is 
objectionable  because  it  weakens  the  core  of  the  screw. 

In  constructing  plug-gauges  for  testing  nuts  the  straight  sides  of  the 
thread  can  be  corrected  after  hardening  by  grinding  with  a  lap,  and 
this  process  corrects  at  once  the  irregularities  of  pitch  and  angle,  and  is 
continued  till  the  effective  diameter  is  reduced  to  the  desired  value.  The 
top  of  the  thread,  being  cylindrical,  presents  no  difficulty.  The  form  of 
the  bottom  of  the  thread  is  immateriiii,  ainue  the  clear  hole  in  the  nut  is 
most  conveniently  tested  with  a  cylinder  plug-gauge.  In  the  apecimens 
submitted  to  us  last  year  by  tho  Pratt  and  Whitney  Company  this 
cylinder  was  constructed  in  one  piece  with  the  screwed  plug. 

In  ring  or  nut  gauges  for  testing  screws  a  slit  is  cut  through  the 
tapped  hole,  and  closed  -with  a  sci-ew.  The  hok-  can  be  polished  by  n 
corresponding  screwed  piece,  but  could  only  be  corrected  by  grinding  by 
the  use  of  very  refined  appliances.  After  polishing  the  slit  is  closed  to 
fit  a  prepared  screwed  plug,  and  the  clear  hole  brought  to  Its  correct  value 
with  a  lap.  The  process  is  not  so  satisfactory  as  with  a  plug-gauge,  but 
the  pieces  which  the  ring  is  designed  to  test  can  be  satisfactorily  measured 
in  other  ways,  so  that  the  gauge  is  of  less  importance. 

The  effective  diameter  of  a  screw  is  readily  measured  in  a  micrometer 
gauge  between  a  conical  point  and  a  V  notch,  both  having  an  angle  of 
47^°.  An  instrument  of  this  kind  constructed  for  60°  is  figured  in  tool- 
mi^ers'  catalogues. 

Ordinary  taps  for  nuts  or  for  the  working  holes  in  larger  pieces  will 
be  different  in  form  from  the  screws,  and  different  from  the  taps  employed 
to  make  dies  or  screw-plates.    The  ordinary  dies  or  plates  in  a  work^c^ 
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used  for  making  screws  'wiJl  not  be  suitable  for  making  taps.  In  small 
workshops  this  may  sometimes  cause  mistakes,  but  in  shops  having  a 
separate  tool-room  this  extra  specialisation  should  present  no  difficulty. 

Objections  have  been  raised  to  the  above  proposal  on  three  grounds. 

It  has  been  represented  to  us  that  in  finely  fitted  work  the  screws 
should  fit  their  holes  perfectly  and  all  over,  and  that  th"  existence  of  a 
clearance  gap  all  round  the  edge  of  the  thread  is  inconsistent  with  a  high 
standard  of  workmanship.  This  objection  is  evidently  to  some  extent  a 
matter  of  opinion,  and  it  is  always  possible  to  use  taps  of  the  same  form 
as  the  screws,  so  that  the  screws  will  fit  the  taps  all  over  as  in  a  non- 
clearance  system. 

It  has  been  objected  that  the  introduction  of  the  proposed  system  will 
seriously  interfere  with  existing  stocks  of  screws  and  the  repairs  of  existing 
instruments.  In  fig.  3  it  is  shown  that  the  new  thread  difiers  from  the 
old  one  by  the  addition  of  the  small  comers,  y  Bh,  It  Bk,to  the  screw, 
and  dA'e,  e  A'/,  to  the  nut.  In  making  screws  and  nuts  with  dies  and 
taps,  these  comers  will  always  be  rounded  off  to  some  extent,  though  the 
re-entrant  angles  at  A  B'  will  be  as  sharp  as  the  tool  which  makes  them. 
In  some  screws  and  nuts  prepared  experimentally  to  test  this  point,  the 
out«r  edges  of  the  thread  were  fairly  rounded,  and  they  were  perfectly 
interchangeable  with  the  B.A.  screws  of  an  existing  manufacturer's  stock. 
The  Committee  believe  that  screws  made  to  the  proposed  new  thread  will, 
owing  to  the  inevitable  rounding,  be  interchangeable  with  existing  stocks 
in  a  great  majority  of  coses,  and  that  only  in  cases  where  great  care  has 
been  taken  to  work  closely  to  the  old  s^ndard  will  any  difference  be 
noticed. 

It  has  been  objected  that  the  proposed  thread  i^  unsuitable  for  such 
work  as  bicycles  and  small  arms  which  are  subject  to  violent  concussion 
and  vibration,  whereby  the  screws  are  liable  to  be  shaken  loose  and  to 
drop  out  ;  and  the  case  uf  slteruating  current  arc  lamps  has  been  men- 
tioned to  the  Committee  as  one  in  which  the  same  thing  is  liable  to  occur. 
Mr.  O.  P.  Clements  of  the  Birmingham  Small  Arms  Company  contri- 
butes a  paper  to  the  Mechanical  Section  on  the  practice  of  his  lirm  in  the 
manufacture  of  screws  for  bicycle  parts,  for  which  it  ia  found  necessary 
to  use  rouudeil  threads  fitting  very  closely  all  over.  It  is  clear  that  no 
one  form  of  thread  can  be  suitable  fur  all  .purposes,  and  we  have  direct 
evidence  that  the  form  of  thi-cad  we  pixtpoiie  does  not  fail  in  instrument 
work  in  the  way  Mr.  Clements  anticipate  that  it  would  do  in  bicycle  work. 

We  beg  to  report  thiit  tlie  system  of  screw  threads  recommended  by 
the  British  Association  for  the  use  of  instrument  mak«:rs,  and  known  as 
the  liritish  Association  screw  threads,  should  be  modified  in  the  following 
way  for  all  screws  from  No.  0  to  No.  11  inclusive. 

Fiyr  aefreuM. — That  the  designating  numbers,  pitches,  outside  diametei'ti, 
and  the  common  angle  of  47^°  remain  unchang^  ;  but  that  the  top  and 
bottom  of  the  thread  shall  be  cylindrical,  showing  fiats  in  section,  and 
that  the  depth  of  the  thread  shall  be  increased  by  one-tenth  of  the  pitch, 
the  diameter  of  the  solid  core  being,  in  consequence,  diminished  by  one- 
lifth  of  the  pitch. 

¥wr  nvis. — That  the  designating  numbers,  the  pitches,  the  diameters 
of  the  clear  holes,  and  the  common  angle  of  47^°  remain  unchanged  ;  but 
that  the  top  and  bottom  of  the  thread  shall  be  cylindrical,  showing  flats 
in  section,  and  that  the  depth  of  the  thread  aball  be  increased  by  cote- 
tent^  of  tjie  pitch.  ,  .  , 
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The  appended  table  gives  the  pitches  and  diameters  of  the  different 
thraodB  modilied  in  accordance  with  this  recommendation. 

T<ibU  of  the  pitchu  and  diamrtera  af  tha  Brilitk  Attociation  tliraad  under  the 
rule  proposed  ahotx. 
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Tn  order  to  give  practical  effect  to  our  recommendations  we  desire  to 
obtain  a  set  of  the  proposed  screws,  with  tools  and  gauges,  for  comparison 
with  the  present  ones.  We  shall  thus  be  able  to  exhibit  in  a  concrete 
form  the  character  of  the  thread,  and  also  to  show  how  far  screws  made 
with  the  new  tools  are  interchangeable  with  the  existing  stocks.  We 
recommend  that  the  Committee  shall  be  reappointed  for  this  purpose  with 
a  grant  of  50^ 


The  object  of  these  experiments  was  to  determine  the  relative  advan- 
tages of  different  angles  for  the  threads  of  small  sci'cws,  and  two  questions 
were  proposed  for  trial. 

1.  Whicli  angle  gives  the  greatest  frittioiial  tonjuc  to  re^iist  unscrew- 
ingl 

3.  Which  angle  gives  the  greatest  resistance  to  tlie  tearing  of  a  steel 
screw  out  of  a  brass  plate  or  nut  T 

To  answer  these  questions,  six  pieces,  of  the  form  of  fig.  3,  were  made 
of  steel.  On  one  end,  a,  of  each  a  thread  wa«  cut  which  was  the  same  in 
every  cas^  and  was  used  only  for  the  purpose  of  connecting  the  pieces  in 
tlie  testing- machine.  The  threads  to  be  compared  were  cut  on  the  ends  b. 
Three  kinds  of  thread  were  tried,  two  pieces  being  made  of  each  kind  of 
thread. 

The  mode  of  trial  is  shown  in  fig.  4.  A  pair  of  these  steel  pieces, 
A  A,  having  threads  of  the  same  kind  at  the  ends  1/  b,  were  tightly  screwed 
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by  the  ends  a  a  into  a  sleeve  F,  go  that  they  could  not  be  unscrewed  by  the 
forces  employed  in  the  test.  On  the  ends  d  b  were  placed  brass  nuts  B  B, 
supported  on  steel  collars  C  C,  which  rested  in  spherical  seats  in  the  brass 
pieces  D  D.  These  last  pieces  D  D  were  screwed  into  E  E,  the  cast-iron 
terminal  blocks  of  the  testing- machine. 

Two  experiments  were  made  in  each  case. 


1     1 
1     1 

1     1 

7/6 

■ 

'A 

1 

d: 

_ 

c] 

"hekifiotv  cftuit. 


1.  With  a  steady  pull  on  the  specimens  the  torque  required  to  turn 
both  screws  simultaneously  in  their  nuts  was  measured.  This  was  ascer- 
tained by  means  of  a  small  spring  balance  acting  by  a  lever  on  the  hexa- 
gonal sleeve  F. 

2.  The  pull  of  the  testing- machine  was  then  steadily  increosetl  until 
one  of  the  screws  was  pulled  through  the  nut. 


The  screwed  pieces  A  A  were  turned  out  of  tool  steel,  bright  drawn 
rods  of  clockmakers'  silver  steel,  y  diameter.  The  main  object  of  the 
experiments  being  to  find  the  force  required  to  shear  the  thread  out  of  the 
nuts  B  B  by  screws  of  given  form,  any  deformation  of  the  screw  itself  had 
to  be  avoided.  The  b  ends  of  the  steel  pieces  were  accordingly  water- 
hardened  and  let  down  to  a  spring  temper.  In  the  course  of  testing,  one 
out  of  eaeh  pair  of  Bt«el  screws  broke  at  the  point  where  it  entered  th^ 
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brass  nut,  at  a  strain  much  below  the  calculated  breaking  strain.  The 
form  of  the  fracture  was  in  every  case  that  of  the  dotted  line  c,  shown  in 
fig.  3.  Professor  Unwin,  to  whom  thii  point  was  submitted,  supposes 
that  this  has  no  bearing  on  the  strength  or  weakness  of  the  particular 
forms  of  thread  used,  but  was  due  to  internal  strains  in  the  steel  produced 
by  the  water- hardening,  and  to  a  slight  bending  force  acting  with  maxi- 
mum effect  at  the  point  where  the  screw  enters  the  nut.  The  spheric&l 
seats  of  the  collars  C  C  will  not,  he  points  out,  wholly  prevent  the  occor- 
rence  of  this  force.  Ke  suggests  that  hod  the  screws  been  hardened  in 
oil  this  probably  would  not  have  happened.  The  sectional  area  of  the 
cores  of  the  screws  was  '095  square  inch,  and  the  breaking  strain  was 
expected  to  be  about  13,500  lb.  Those  that  broke  where  they  entered 
the  nnt  broke  at  5,600  lb.  (60"  screw),  5,860  lb.  (50=  screw),  and  5,330  lb. 
(40°  screw)  respectively.  In  a  subeeqoent  test  one  of  them  broke  along 
the  line  d  (fig.  3)  at  10,280  lb.  Fortunately,  in  every  case  a,  sufficient 
length  of  the  screw  was  left  after  the  accident  to  put  on  another  nut,  and 
in  each  case  a  satisfactory  result  was  obtained  in  a  subsequent  trial,  the 
screws  being  drawn  through  the  nuts  without  being  themselves  broken. 
The  forms  of  the  screws  tested  are  shown  in  figs.  5  and  6.      The 
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diameters,  both  at  the  top  and  the  bottom  of  the  thread,  were  the  se 
all  the  screws,  and  also  in  all  the  nuts.     The  screw  threads  were  i 
cases  flat-topped,  with  slightly  rounded,  but  nearly  flat,  bottoms. 
pitch  of  the  screw  was  the  same  in  overj-  case,  16  to  the  inch,     The  J 
threads  had  angles  respectively  of  40°,  50°,  and  60°.     Each  screw  wal 
with  a  single  point  tool,  ground  to  the  correct  angle  from  a  cylinderl 
vionsly  tumed  to  the  correct  diameter.     The  nnta  were  cut  with  n 
point  inside  turning  tools,  also  accurately  ground,  in  a  cylindrical  I  holt 
previously  bored  to  the  correct  diameter.  P 

The  outside  diameter  of  each  screw  was /^  inch  (4375)  ;  and  the  il 
diameter  of  each  nut  was  -3575  inch,  A  clearance  of  '005  inch| 
given,  at  the  top  and  bottom  of  the  thread  in  every  case. 

Fig.  5  shows  the  form  of  the  screw  and  nut,  having  an  angle  oB  40% 
and  the  dimensions  which  are  figured  are  the  same  in  eaoh  of  the  ■otber 
two  cases.  ■ 

Fig.  6  gives  the  outline  of  the  contact  surfaces  of  the  screw  anl|  nut 
in  each  of  the  three  cases.    In  this  figure  the  dimensions  are  figuf  ' 
thousandths  of  an  inch.  m 

The  dimenrions  emplc^ed  for  these  screws  vere  chosen  ai  sizes,! 
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while  not  extrtiTSLgatitl}'  oatwde  those  of  the  screwa  to  which  the  data  are 
to  be  applied,  provide  quautitiea  convenieat  for   measurement   with  a 
micrometer  gauge,  and  for  the  testing-machine. 
The  following  results  were  obtained  : — 

A. — Torque  required  to  turn  a  pair  of  the  screws  in  two  nuts,  each 
■226  inch  thick  (3'6  threads)  drawn  apart  with  a  strain  of  1  ten. 


Aoglp  of  tbrend.        Torouo  reqairea. 


1Ij<co8  20''=10-34 
13ncob25''-1]-7 
laxoosBCsie-G 


It  will  be  observed  that  frictional  resistance  to  unscrewing  increases 
with  the  angle  of  the  thread  much  more  rapidly  than  in  proportion  to  the 


increased  surface  pressures  due  to  the  oblique  thrust.  The  above  figures, 
from  specimens  black  from  the  hardening  process,  are  higher  than  one 
obtained  from  a  screw  with  a  bright  surface  in  a  preliminary  experiment, 
by  about  90  per  cent. 

B. —  Pull  on  the  screw  required  te  shear  the  thread  out  of  a  brass  nut 
'226  inch  thick  (36  threads)  cut  from  flat  drawn  strip. 


Angl«  of  thre&d.      Foiae  requited  to 


requited  u 


Area  of  threid 

-2276  gq.  in. 


In  this  table  the  area  of  the  thread  sheared  is  obtained  from  a  measure- 
ment of  the  space  left  for  the  thread  of  the  nut  between  the  successive 
threads  of  the  screw,  so  that  this  area  is  less  as  the  screw  thread  has  a 
wider  top. 

C. — Full  required  to  shear  the  thread  away  from  a  cart  brass  nnt 
*B50  inch  thiek  (4  threads). 

.  ..C.oogic 
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ForcB  t«qaired  to            Area  of  thread 

Shearing  force 

eboia  thraad.                      sliearad. 

sqn.iB  inch 

40° 

(1)  4,890  lb.                 -Ssa  .sq.  in. 

(2)  4,760  lb.                   „        ,. 

mean  4,823  lb. 

18,080  lb. 

60° 

(1)6,400  lb.                 -2773  „ 
(2)  6,130  lb.                   „        ,. 

mean  6,2G5  lb. 

18,969  lb. 

CO" 

CI)  5,600  lb.                 -.100      „ 

(aj  6,600  ib.              „      „ 

mean  3,660  lb. 

1S,G00  lb. 

In  these  experiments  onljr  one  scfev  and  one  nut  were  used  in  encli 
puU,  the  connection  to  the  other  side  of  the  hexagonal  sleeve  being  mode 
with  a  ^''  £teel  bolt.  Two  nuts  of  each  size  were  sheared.  In  this  case 
no  measurements  were  taken  of  twisting  torque. 

D. — The  screw  of  60°  was  tested  on  a  brass  nut  '350  inch  thick 
(4  threads)  made  from  hard  drawn  rod. 

1.  Screw  broke  at  10,280  lb.  along  line  d,  tig.  3. 

2.  Another  similar  screw  sheared  the  nut  at  10,820  lb.  Areasheared 
'300  square  inch.     Shearing  force  per  square  inch  36,070  lb. 

In  all  cases  the  nut  was  sheared  along  the  outside  surface  of  the  screw, 
not  at  the  bottom  of  its  own  thread,  so  that  the  hole  left  was  a  tight  fit 
for  the  screw  which  had  been  pulled  through. 

These  figures  suggest  the  following  conclusions  :■ — 

1.  That  the  angle  of  a  flat-ended  thread  has  little  effect  on  the  resist- 
ance of  the  nut  to  shearing,  except  so  far  as  it  affects  the  area  of  the 
surface  to  be  sheared  ;  and  the  advantage  possessed  by  the  60°  thread 
over  the  others  is  only  due  to  the  fact  that  its  flat  top  is  narrower  than 
theirs,  and  the  base  of  the  nut  thread  corresponduigly  wider.  From 
analogy  with  the  relative  l>ehaviour  of  sharp  and  blunted  dies  used  in 
stamping,  it  seems  that  a  flat-topped  thread  with  sharp  edges  should  shear 
a  nut  more  easily  than  a  rounded  thread. 

2.  That  the  strength  of  the  thread  of  the  nut,  compared  with  that  of 
the  core  of  the  screw,  is  such  that  generally  in  practice  nuts  are  stronger 
than  their  screws. 

For  example,  a  flat-ended  thread  of  the  dimensions  of  No.  0  B.A.  of 
40-ton  steel  will  break  before  it  strips  the  thread  from  a  hard  drawn  brass 
nut  i  inch  thick.  So  a  similar  screw  of  the  dimensions  of  No.  6  B.A.  of 
the  same  steel  will  break  sooner  than  strip  a  brass  nut  ^j  inch  thick. 

With  steel  nuts  the  nut  will  generally  be  very  much  stronger  than  the 
screw. 

3.  Considering  (o)  that  the  holding  strength  of  a  screw  bolt  is  generally 
determined  (and  that  especially  in  small  screws)  by  the  resistance  of  the 
bolt  under  tensile  stress  ;  and  (6)  that,  as  ascertained  by  Professor  Martens, 
the  resistance  of  a  screw  bolt  to  fracture  is  very  largely  diminished  by 
simultaneous  torsional  stress  ;  it  is  desirable  that  such  resistance  as  may 
be  desired  to  tightening  or  loosening  a  bolt  should  be  obtained  by  means 
of  the  friction  of  the  under  surface  of  the  nut  or  screw  head,  and  that  the 
friction  of  the  threaded  surface  of  the  screw  itself  should  be  as  small  as 
possible.  From  this  point  of  view  experiments  A  indicate  that  an  angle 
of  thread  of  40°  or  50°  Is  to  be  preferred  to  an  angle  of  60°,  and  that 
especially  so  in  the  case  of  small  screws. 


The  authors  of  this  Report  are  uuder  a  great  obligation  to  Professor  T. 
iudson  Beare  f o    ' '    '  '    ' 
if  the  Bpecinif>ns; 


Hudson  Beare  for  his  kind  sssistanee  in  ascertaining  the  breaking  Stt^Iiid 
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The  Miero-chemisirj!  of  Cells. -^Report  of  the  Oommiittee,  conmsttng 
of  Professor  E.  A,  SceAFEit  {Ckairmam),  Professor  E.  Eay 
Lankester,  Professor  W.  D.  Halliburton,  Mr.  G-.  C.  BoDRSE, 
and  Professor  A,  B.  Macallum  {Secfeetartj).  (Ifrawn  up  by  the 
Secretary) 

TitB  work  of  the  Committee  was  directed  along  the  following  lines  : — 

1.  7'lu:  Localisation  of  PkospJtorue  in  tlie  Cell. — In  this  iavestigation 
a  wide  i-ange  of  animal  and  vegetable  forms  was  employed  as  material, 
and  BolutioDB  of  molybdateof  ammonia  in  nitric  acid  were  used  to  localise 
the  phosphorus  as  a  phospho-moljbdate  compound,  the  distribution  of  the 
latter  being  revealed  after  the  preparations  were  treated  with  solutions  of 
phenylhydrasine  hydrochloride.  The  results  show  that  the  element  exists 
in  cells  in  at  least  five  states  of  combination  :  (a)  As  a  nuclein  or  nucleo- 
proteid  in  which  the  phosphorus  is  firmly  combined  in  both  cytoplasm 
and  nucleus,  (b)  As  a  derivative  (nucleinoid)  of  nuclein  or  nucleO' 
proteid,  in  which  the  phosphorus  is  much  less  finnly  combined.  Examples 
of  this  are  found  in  smooth  muscle  fibre  in  the  dim  bands  of  striated 
muscle  fibre,  in  the  substance  constituting  the  zymogen  granules  in 
secreting  glands,  and  in  the  outer  limbs  of  the  retinal  rods  and  cones. 
(c)  Aa  an  inorganic  metaphosphate  dissolved  in  the  cytoplasm  of  some 
cells,  and  apparently  derived  from  <i  and  b.  (d)  As  lecithin,  which  is 
present  in  every  cell,  and  markedly  in  nerve  tissue,  (e)  As  an  inorganic 
orthophosphate  in  the  tissues  of  various  organs,  e.y.  liver,  spleen,  kidney, 
intestinal  mucosa,  placenta,  Ac.  In  the  demonstration  of  the  occurrence 
of  these  compounds  of  phosphorus,  the  length  of  time  required  to  demon- 
strate theirpresence  is  an  important  factor ;  and,  further,  the  metaphosphate 
and  orthophosphate  may  be  removed  from  a  preparation  in  a  couple  of 
hours  by  the  action  of  dilute  nitric  acid,  while  lecithin  may  be  extracted 
by  repeated  treatment  with  hot  aJcohol.  By  making  preparations  of  cells 
and  tissues  with  the  malybdate  method,  both  before  and  after  the  action 
of  dilute  nitric  acid,  as  well  as  before  and  after  extraction  with  alcohol, 
it  was  found  possible  in  every  case  to  ascertain  the  occurrence  of  one  or 
nil  of  these  five  classes  of  compounds  in  a  cellular  element. 

This  investigation  has  given  a  very  large  number  of  resulta  which  are 
of  too  detailed  a  character  to  be  referred  to  specially  here,  and  references 
to  which  are  now  being  incorporated  in  a  special  paper  for  publication. 
One  generalisation  from  these  observations  may,  however,  be  in  place 
here.  The  organic,  usually  iron-free,  compounds  of  phosphorus,  which  are 
almost  universally  present  in  the  cytoplasm  of  nucleated  cells,  bear  a 
derivative  relation  to  those  which  are  in  the  nucleus,  and  which  contain 
'masked' iron,  while  in  non-nucleated  organisms  the  compounds  of  iron 
and  phosphorus  are  found  in  the  cytoplasm  in  all  cases  in  a  difiiised  form, 
but  in  some  also  as  granules  (Cyanophycete  and  the  Yeasts).  From  the 
chemical  point  of  view  the  nucleus  is  therefore  an  organ  for  containing 
the  iron-holding  nncleo-proteids,  and  it  is  therefore  an  organ  of  secondarv 
and  later  origin  in  the  development  of  the  primal  cell  organism. 

2.  T/ie  Relation  of  the  Iron  to  the  other  Elements  in  the  Chromatin  of 
Nv,elein  Molecule. — In  this  the  point  to  be  determined  was  whether  the 
iron  atom  is  directly  united  to  a  carbon  atom,  as  it  presumably  is  in 
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luemoglobin,  vhich  ia  deriTed  from  ohromatiu,  or,  as  AiKoli '  claims,  to  the 
phoiphorus  as  &  poljmetapfaosphate  of  iron.  For  this  pnrpose  quantities 
of  iroa  holding  nudein,  prepared  from  tamb'a  testicles,  were  Bubjected  to 
the  action  of  water  at  iSO"  to  170°  C,  under  pressure  for  four  to  eight 
hoars.  This  brings  about  a  decomposition  of  the  nuclein,  setting  free  the 
metaphoephoric  acid  as  the  ortho  acid.  It  was  found  that  in  the  first 
four  to  six  hours  nearly  ail  tlie  phosphorus  of  the  compound  appears  in 
solution  as  ortho-phosphoric  acid,  with  traces  of  iron,  the  rtst  of  the  iron 
appearing  to  be  still  in  organic  combination  in  other  decomposition 
products  either  in  solution  or  undissolved.  If  the  iron  were  combined 
with  the  meta -phosphoric  acid  it  ought  to  appear  as  ferric  phosphate, 
which  is  soluble  in  the  presence  of  ortho-phosphoric  acid.  In  the  abaence 
of  this  result  it  must,  therefore,  be  held  that  the  iron  is  directly  associated 
in  the  nuclein  molecule  with  some  other  element,  probably  carbon. 

3.  On  the  Localisalwn  of  Oxidising  En^ytnea  in  t/ie  Cell. — For  this  pur- 
pose unicellular  algse,  and  more  particularly  iSpirogyra,  were  used.  The 
tests  for  these  enzymes  are  not  sufficiently  delicate  to  enable  one  to  de- 
tect their  distribution  micro- chemically,  but  it  was  found  that  on  subject 
ng  masses  of  the  living  Spirogyra  threads  washed  with  distilled  water 
to  various  degrees  of  pressure  in  a  specially  made  hydraulic  press  one 
obtained  solutions  of  the  various  ferments  the  position  of  eacli  of  which 
in  the  cell  is  approximately  determinable  by  the  pressure  used.  For  ex- 
ample, with  an  initial  low  pressure  the  fluid  or  solution  espreseed  was 
largely,  if  not  wholly,  from  the  spaces  in  the  cell  surrounding  the  chro- 
matophore  and  the  stellate  cytoplasmic  mass  which  contains  the  nucleus, 
while  with  a  considerably  greater  pressure  one  obtains  cytoplasmic  and 
nuclear  fluids  in  a  second  solution,  and  with  the  maximum  pressure  the 
cytoplasmic  and  nuclear  structures,  but  not  the  chromatophore,  are  disin- 
tegrated to  a  certain  extent  and  pass  into  the  fluid  expressed  assuspended 
material,  which,  if  kept  in  this  condition  for  three  or  four  days,  partially 
dissolves.  This  forms  the  third  solution.  In  testing  for  the  occumoca 
of  oxidising  enzymes  in  these  solutions  various  readily  oxidisable  reagents 
were  used  as  indicators,  but  the  one  which  gave  results  most  to  be  relied 
upon  was  guaiftcum  in  absolute  alcohol,  a  drop  of  which  added  to  a  solu- 
tion of  an  oxidising  enzyme  results  in  tlie  production  of  a  blue  solution  in 
from  a  few  minutes  to  half  an  hour.  It  wiis  found  that  an  oxidase  is 
present  in  solution  Ko.  1  in  considerable  quantities,  but  sparingly  in  No. 
2,  and  it  ia  not  demonstrable  in  No.  3.  In  the  first  solution  an  aero- 
oxidose  occurs  in  small  quantities,  that  is,  an  oxidase  which  is  active 
only  in  contact  with  air.  Traces  of  an  ai-ro-oxidase  were  found  in  the 
second  solution,  but  nut  in  that  obtained  with  the  maximum  prcasurc. 
In  the  last,  however,  was  found  abundant  evidence  of  the  presence  of  a, 
peroxidase,  that  is,  of  an  oxidase  which  renders  guoiacum  aolutions 
(emulsions)  blue  only  in  the  presence  of  hydrogen  peroxide.  This  same 
solution  also  was  found  to  contain  a  catalaso  (Loew),  that  is,  a  ferment 
which  liberates  oxygen  from  hydrogen  peroxide,  but  which  does  not 
oxidise  guaiacum  emulsions.  From  such  experiments  it  would  appear 
that  the  peroxidase  and  catalaso  are  very  intimately  associated  with  the 
protoplasmic  and  nuclear  structures  of  the  cell  while  the  oxidase  and 
aero-oxidaae  are  in  media  external  to  the  protoplasm.  It  is  important 
to  note  that  the  chromatophore  does  not  yield  an  oxidising  ferment  or 
catalase. 

'  Zeit.fUr  Phytio!.  Clieaiie,  vol.  xiviij,  p.  426.       ,-,  , 
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i.  On  the  Micro-ehmnislry  of  Om/pJtile  Granules,  by  Dr.  J.  J.  Mac- 
kenzie.— Observatioiia  on  the  eosinophiloos  cells  of  the  bone  marrow  of 
the  cat  and  frog  and  on  the  same  variety  of  cells  from  the  ccelomic  cavity 
of  the  frog  show  that  although  there  is  obtained  in  the  granules  a  distinct 
iron  reaction  with  ammonium  sulphide  whea  the  preparation  is  kept  in  a 
mixture  of  this  reagent  and  glycerine  at  a  temperature  of  55-60°  C.  for 
7  to  10  days  the  reaction  ia  not  nearly  ao  marked  as  in  the  nuclear  chromatin 
of  the  same  celU  and  Ib  less  readily  demonstrated.  The  method  in  which 
acid  alcohol  is  used  to  liberate  the  iron  from  ita  'masked  '  condition,  and 
luematoxylin  to  demonstrate  the  liberated  iron,  does  not  reveal  the  iron 
in  these  granules  ;  at  moBt  with  this  method  one  findB  a  slight  reaction  in 
th«  peiigrannlar  prott^losm,  but  not  in  the  granules  themselves.  These 
granules  give  a  reaction  for  phosphorus  when  they  are  treated  with  a 
nitric  acid  solution  of  ammonium  molybdate  for  some  hours,  -and  sub- 
sequently with  a  solution  of  phenylhydrazine  hydrochloride,  The  reaction 
is  much  more  marked  than  that  in  the  nuclear  chromatin.  It  is  evident 
from  these  observations  that  the  substance  forming  the  eosinopbilous 
granules  is  a  nucleo-proteid  containing  traces  of  iron,  and  that  it  is 
probably  a  derivative  of  nuclear  chromatin. 

B.  On  the  Micro-ehemistry  of  the  2fucletcg,  by  Dr.  F.  H.  Scott.— It 
was  found  that  the  non-chromatin  and  non-nucleolar  portions  of  the 
nuclei  in  gland  cells  which  constitute  the  lantlianin  of  Heidenbain  and 
the  eedematin  of  Reinke,  though  soluble  in  gastric  juice,  give  evidence  of 
the  presence  of  '  masked  '  iron  and  organic  phosphorus  in  small  propor* 
tions.  Similar  evidence  was  obtained  in  the  case  of  the  non-nucleolar  and 
non-chromatin  portions  of  the  nuclei  of  nerve-cella.  It  is  probable  that 
lanthanin  or  eedematin,  while  unlike  a  nucleo-proteid  in  some  respects,  is  a 
closely  related  compound. 

During  the  past  year  the  following  papers,  including  observations  on 
the  micro- chemistry  of  cells  made  during  the  last  cwo  years,  were 
published : — 

1.  On  the  Striictufe,  Micro-chemUtrn,  and  Devflopinent  of  Neroe  CelU,  with 
^leeial  B^erence  to  their  Nicciein  Coinpoundi.  By  Dr,  IT,  H.  Scott,  '  Trane. 
Oan.  tost.,'  vol.  vi,  p.  40o,  and  University  of  Toronto  Studies,  Phjaiologioil 
Series,  No,  1. 

2,  Ok  the  Cylotoyy  qf  Nnn-i»ickated  Organimnt.  By  Professor  A.  B,  Xocal- 
lura,  '  Trans.  Can.  Inst.,'  vol.  vi.  p.  43^,  and  University  of  Toronto  Studies, 
Phyaiolo^cal  Series,  No.  3, 

Sumnuirj/  of  Dr.  Hcull'n  Paper. 

The  Nissl  granules  were  found  to  contain  '  masked '  iron  and  organic 
^osphorus  and  to  be  unaffected  by  treatment  with  artificial  gastric  juice. 
They  aro  therefore  constituted  of  a  nucleo-proteid  in  many  respects  allied 
to  chromatin.  It  differs,  however,  from  the  nuclear  chromatin  which  ia 
basophile  and  from  the  substance  forming  the  uxyphile  centre  of  the 
nucleoli  and  the  material  dif&sed  through  the  nnclear  cuvity  in  fully 
developed  nerve-cells.  The  latter  substance  also  contains  organic  plioa- 
phorus  and  '  masked '  iron,  and  is  digestible  in  artificial  gastric  juice. 
These  three  nucleo-proteidsarederived  from  the  original  kinetic  chromatin 
of  the  neuroblast,  and  the  substance  forming  the  Nissl  granules  is  the  only 
nucleo-proteid  of  the  three  that  diSiises  from  the  nucleus.  In  some  forms 
this  diSiisiob  does  not  take  place  in  the  fully  developed  cell,  or  does  so 
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only  to  B  very  slight  extent.  In  this  cose  few  or  no  Nlssl  granUlea  are 
found ;  a  condition  which  is  very  much  like  that  observed  in  the  not  fully 
developed  nerve-cell,  and  therefore  embryonic.  This  condition  is  markedly 
illustrated  in  the  nerve-cells  in  Caudate  Amphibia. 

Siimmari/  of  J'ro/esnor  Macallwm't  Obtervationg. 

Ill  the  Cyauophyceie  the  celt,  which  is  non-nucleated,  contains  two 
zones,  a  central  and  a  peripheral.  The  latter  contains  the  colouring  matter, 
and  in  its  vesiculated  cytoplasm  there  is  a  compound  which  gives  evidence 
of  containing  traces  of  organic  phosphorus  and  '  masked  '  iron.  On  the 
other  hsjid,  t£e  central  body  gives  marked  reactions  for  these  two  elements 
which  are  united  in  a  compound  diffused  throughout  its  structure.  This 
compound  stains  with  htematoxylin  like  chromatin,  and  as  it  resists  diees- 
tion  it  is  probably  chromatin.  An  ironhclding  uucleo-proteid  constitutes 
the  red  granules  of  Biitschli,  but  it  differs  from  chromatin  in  tbat  it  is 
digestible  with  arti£cial  gastric  juice.  Another  variety  of  granules, 
called  '  cyanophycin '  granules,  found  only  in  the  peripheral  layer,  are 
formed  of  proteid  free  from  iron  and  phoaphoms.  The  only  substance 
in  the  Cyanopfaycete  which  resembles  fully  the  chromatin  of  the  cells  of 
higher  organisms  is  that  holding  iron  and  phosphorus  and  diffused  in  the 
central  body. 

In  the  yeast  all  the  iron  and  phosphorus,  in  addition  to  being  diffused 
throughout  the  cytoplasm,  are  also  localised  io  small  granules  and  cor- 
puscles which  have  been  held  to  be  nuclei  and  nucleoli  by  various  observers. 
The  substance  which  constitutes  thes6  and  that  iu  which  are  combined  the 
iron  and  phosphorus  diffused  through  the  cytoplasm  are  different  from  the 
chromatin  of  higher  organisms,  in  that  they  are  soluble  in  artificial  gastric 
juice ;  but  they  are  the  only  chromatin-like  substances  present  in  the 
yeast -cell. 

In  Beggiatoa:  the  compounds  containing  '  masked '  iron  and  organic 
phosphorus  are  uniformly  diffused  throughout  the  cytoplasm,  and  when 
granules  which  stain  with  htematosylin  occur  they  also  are  found  to  con- 
tain iron  and  phosphorus  in  a  corresponding  form  of  combination. 

The  Committee  ask  to  be  reappointed,  with  the  addition  of  Professor 
J.  J.  Mackenzie,  of  Toronto. 


Cfimparalice  llisioto'jif  of  iSiipmrennl  Capsules. — Report  of  the  Coiii* 
mittee,  coneistin'j  of  I'rofeBSor  E.  A,  HchSfek  (Gfiaii-man),  Mr. 
Swale  Vixcent  {iiecretary),  wiul  Mr.  Victor  Horslev. 

DuuiNG  the  post  year  sevei-al  points  in  connection  with  the  comparative 
histology  of  the  suprarenal  capsules  have  been  reinvestigated,  and  during 
the  investigation  several  subsidiary  inquiries  have  arisen,  such  as  the 
histology  of  the  pituitary  body  and  some  paints  in  its  physiology,  the 
physiological  actions  of  extracts  of  nervous  tissues,  Jcc.  The  results  of 
these  investigations  are  given  at  length  in  papers  published  during  the 
year  in  the  '  Journ.  of  Physiol.'  and  in  the  '  Briti  Med.  Jonm.'  See  also 
'  Ansit.  Am,,'  Bd.  xviii.  S.  69,  1900. 


n,g  -ccT'GoOgIc 


ON  THE  COMPARATIVE  HISTOLOGY   OF  CEREBRAL  CORTEX.       463 

The  Comparative  Hiidolog>j  of  Cerebral  Coiiex. — Rejxyri  of  tlie  Com- 
mittee, eonsittiitg  of  Professor  P.  GorCH  {Cliairvmn),  Jit.  G.  Manx 
(Secretary),  (ind  Professor  E.  H.  Starling.  (Th-auii.  «p  by  the 
•decretory.) 

Since  the  lost  report  three  complete  serien  of  sections  have  been  made  of 
the  central  nervous  Bystem  of  the  bonnet  monkey — viz.,  (1)  transverse 
sections  from  the  thalamos  to  and  including  the  second  dorsal  nerve,  from 
material  fixed  in  Mann's  picro- corrosive  formaldehyde  ;  (2)  a  coronal 
series  through  the  lower  part  of  the  medulla  and  up  to  and  including  the 
eightfa  cervical  segment  (fized  in  picro 'Corrosive  formaldehyde) ;  (3)  a 
Weigert  series  extending  from  the  fillet  decussation  to  the  dorsal  cord. 

The  reason  for  investigating  these  regions  was  to  ascertain  whether 
so-called  motor-cells  difiered  from  'sensory 'ones  in  any  definite  structural 
characteristica  Nothing  was  discotrered  by  which  one  kind  of  cell  could 
be  distinguished  from  the  other,  and  it  has  become  evident  that  Nissl's 
classification  is  a  purely  artiSci^  one.  All  cells  show  a  distinct  fibrilla- 
tion, and  the  basophil  '  Nissl-substance '  lying  between  the  bundles  of 
fibrils. 

Motor  cells,  as  a  rule,  have  a  greater  development  of  the  dendra,  and, 
in  consequence,  the  fibrils  coming  from  these  processes  in  coursing  through 
the  cell  break  up  the  available  space  in  a  regular,  uniform  manner,  and 
hence  there  results  a  more  regular  arrangement  of  the  basophil  granules. 
In  sensory  cells,  on  the  other  band,  because  of  the  special  development  of 
one  or  two  dendritic  processes  one  frequently  notices  on  that  side  of  the 
nucleus  looking  towards  the  biggest  dendron  a  pyramidal  {in  section  tri- 
angular) i^rea,  occupied  by  non-difi'erentiated  plasm,  and  formed  by  the 
divergence  of  the  fibrils  coming  from  the  big  dendron  and  sweeping  round 
the  nucleus.  In  these  cells,  as  seen  most  characteristically  in  the  Locu^ 
cceruleua,  Svb*lanlia  nt^ra,  lateral  horns  of  the  spinal  cord  and  the  antero- 
mesial  visceral  group  of  cells,  Nissl's  granules  form  relatively  coarse  aggre- 
gations towards  one  side  of  the  cell.  At  one  time  it  was  thought  that  a 
certain  appearance  first  described  by  Mann  in  1894  '  in  the  occipital  lobe 
of  the  rabbit,  since  then  rediscovered  by  Boncorini  and  discredited  by 
Levi — viz.,  the  presence  of  crescentic  bodies  on  one  side  of  the  nucleus — 
would  allow  of  a  ready  distinction  between  nerve-cells  in  the  cerebrum 
and  those  found  in  the  lower  centres.  This,  however,  was  found  not  to 
be  the  cose,  for  the  same  appearance  is  seen  throughout  the  whole  length 
of  the  spinal  cord  right  down  to  the  coccygeal  portion.  The  examination 
of  the  dorsal  and  lower  regions  of  the  cord  was  made  possible  through  the 
kindness  of  Miss  M.  Furefoy  Fitztierald.  who  placed  at  our  disposal  the 
complete  series  of  sections  she  ia  tabulating  at  Oxford, 

As  to  the  real  existence  of  these  crescents  there  cannot  be  tbe  slightest 
doubt,  for  Levi's  suggestion  that  we  are  dealing  with  a  folding  of  the 
nuclear  membrane  is  readily  disproved  by  making  transverse  sections  of 
the  cells  in  the  Comu  Ammonis  at  right  angles  to  their  long  axis,  and 
staining  them  by  Mann's  eosin-toluidin-blue  method,  when  these  crescents 
in  question  appear  one  in  each  nucleus  as  distinct  swellings  in  tbe  nuclear 
membrane,  while  the  latter  is  not  stained  at  all.  In  addition  to  the  com- 
mon crescentic  type  one  may  frequently  see  in  surface  views  branches 

}  Javm, -Avat.  an4  Piyiio}.   October  1894-  ^ 
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running  outvrards  from  the  main  central  portion.  The  significance  of 
these  figures  ia  probably  as  follows  :  F.  H.  Scott '  has  shovn  tbat  the 
Nissl'a  substance  is  a  nncleo-proteid,  which  amongst  reptiles  remains 
throo^ont  life  intranuclear,  but  which  in  other  vertebmtc^s  ig  found  out- 
side the  nucleus.  Taking  thpHe  facts  into  consideifition,  we  are  led  to  con- 
clude that  the  crescent  is  a  specially  modified  part  of  the  nuclear  membrano 
through  which  normally  the  nucleo-proteid  ia  passed  out  iuto  the  body  of 
the  nerve-cell.  That  similar  nucleo-protoids  do  pass  out  in.  ordinary 
f^pithelial  ceJlH  has  been  ascertained  in  inflammatory  conditions  of  tho 
epidermis,'  and  in  gland- cells  generally.* 

On  comparing  epithelial  with  nerve  cells  wo  find  in  both  a  system  of 
fibrils  which  runs  right  throufi^  the  cell ;  secondly,  material  secreted  by  the 
nucleus  and  occupying  a  position  between  the  fibrils,  and  lastly  a  system  oC 
intracellular  lymph  channels  (Holmgren).  During  the  last  year  the  existence 
of  these  channels  in  the  nerve-cells  of  the  spinal,  sympathetic,  and  central 
nervous  systems  of  the  rabbit,  cat,  and  monkey  has  been  confirmed  by  using 
erythrosin  instead  of  eosin  in  conjunction  with  toluidin-blue.  Holmgren 
holds  that  these  canals  serve  to  carry  a  free  supply  of  lymph  to  the  nerve- 
cell,  while  Mann  suggests  that  they  are  tubes  which  carry  away  from  the 
cells  and  towards  the  fields  of  conjunction  ensymes  for  the  elaboration  of 
the  lymph,  so  as  to  make  the  latter  directly  assimilable  by  the  cell 
processes.  Nissl's  bodies,  then,  are  zymogen  granules  secreted  by  the 
nucleus,  stored  up  durinjz  rest,  and  dischsirgcd  during  activity.* 

Golgi's  intracellular  network  in  spinal  ganglia  and  the  anterior  horn 
cells  of  the  spinal  coM  may  be  demonstrated  by  fixing  tissue  in  3^  per 
cent,  potassium  iodide  saturated  with  iodine,  and  then  taking  them  through 
aceton  into  paraffin.  The  network  seems  in  the  spinal  ganglia  to  form  n 
framework  on  which  Nisal's  substance  is  deposited.  The  latter  is  removed 
by  the  potassium  iodide,  while  the  framework  remains. 

Other  points  which  the  serial  sections  have  brought  out  are  ; — 

1.  The  mesencephalic  (so-called  descending)  root  of  the  fifth  nen'e 
arises  from  cells  which  are  quite  distinct  from  the  cells  of  the  Locut 
carutetts.     Their  axis  cylinders  have  very  distinct  nodes  of  Kanvier. 

2.  The  seosoiy  decussation,  as  shown  in  the  fillet,  is  only  a  more  pro- 
nounced condition  of  a  general  armngement,  holding  good  for  the  whole 
length  of  the  cord,  the  decussating  fibres  being  derived  from  a  small- 
celled  nucleus  situated  on  a  level  with,  and  lateral  to,  the  central  canal. 
The  afferent  fibres  to  it  correspond  to  Pal's  dorsal  bundle.  The  two  nuclei 
are  connected  by  a  commissure  of  very  fine  medullated  nerve-fibres  run- 
ning dorsally  to  the  well-known  anterior  whito  commissure. 

3.  Stilling's  sacral  and  cervical  nuclei,  Clarke's  dorsal  .oolumn,  Bla- 
tnenau's  nucleus,  Deiter's  nucleus,  and  the  cells  of  the  mesencephalic  root 
of  the  fifth  nerve  seem  to  belong  to  the  same  system,  which  lies  dorso- 
laterally,  and  ia  characterised  by  large  cells.  The  nucleus  al>ovB  referred 
to  under  No.  2,  the  gracile  and  cuneate  nuclei  proper,  the  mesial  trian- 
gular nucleus  of  the  eighth  nerve,  and  the  Locits  eeendeus  form  a  dorwi- 
mesial  system  containing  small  cells. 

'  Trant.  CanaiUaa  Iiatitide,  18n8-99. 

'  Mann,  HUtolopy  of  Vaccinia,  L.G.B.,  1899.  •  Trambosti,  Galeotti,  Hnic. 

'  The  intiacellular  lymph  chanoels  are  well  shown  in  the  electrical  nerre-csll  of 
UalapteroniB.  The  Btmctnre  of  this  cell  was  displayed  at  the  Livupool  meeUng  ^ 
the  British  Association  by  Hann's  charts,  ftc.  (1895). 


ON  ELECTRICAL  QB/lSGEB  IN   MAMMALUN  NERVE. 


lElectruxU  C/umges  in  Mamanalian  Nerve. — Report  of  tJie  Gommittee, 
amsUtmg  of  Professor  F.  GOTCn  {Ghairmtm)^  Profeaflor  E,  H. 
Starling,  Dr.  J.  iS.  Macdonald  {Secretary).  {Ikawn  up  ly  the 
Secretcury.) 

The  experiments  performed  with  the  assistance  of  grant  from  the  Asso- 
ciation have  been  directed  towards  the  acquisition  of  information  as  to 
the  e&ect  npon  the  demarcation  current  of  mammalian  nerve  of 
alterations  in  resistance,  such  as  are  found  in  mammalian  nerre  acoom- 
ponying  changes  of  volume  and  of  blood- pressure  in  the  vessels  supplying 
the  nerve.  The  nature  of  the  changes  of  resistance  is  easily  determined 
but  the  effect  of  such  a  change  in  presumably  caoong  not  oniy  an  altera 
tion  in  the  magnitude,  but  also  in  the  distribution  of  current  and  dif- 
feren^B  of  potential  in  the  nerve,  is  not  easy  to  calculate. 

Not  only  this,  but  it  is  impossible  even  to  decide  the  direction  of 
change  (addition  or  subtraction)  in  the  demarcation  current  which  would 
be  produced  by  any  alteration  of  the  internal  resistance  of  the  nerve. 

Knowledge  of  an  exact  character  is  required  for  this  purpose,  defining 
the  limits  of  the  demarcation  source  and  the  extent  to  which  the  source  is 
^hort-circuited  in  the  tissues  of  the  nerve  itself.  It  was  felt  that  such 
knowledge  must  be  based  entirely  upon  experiments  upon  nerve,  and  as 
far  as  possible  upon  the  particular  nerve  for  which  the  information  was 
desired. 

With  this  object  a  large  number  of  experiments  have  been  performed 
Upon  excised  mammalian  nerve.  The  nerves  after  removal  were  placed 
upon  a  number  of  non-polariEable  electrodes  (four  to  seven),  the  potential 
differences  between  each  pair  of  electrodes  determined,  as  also  ttie  reaiat- 
ancea  of  the  whole  nerve  and  the  sections  into  which  it  was  divided  by 
the  electrodes.  The  electrode  upon  which  the  cross-section  lay  was  then 
permanently  connected  by  a  wire  or  through  a  known  resistance  to  one  of 
'^e  other  electrodes,  and  the  differences  of  potential  between  each  possible 
pair  of  electrodes  determined  again  after  the  formation  of  this  circuit. 

Aji  analysis  of  the  data  gained  by  determination  of  the  various  renst- 
ances  divides  the  facts  of  experiments  into  the  following  groups  : — 

(a)  The  resistance  per  centimetre  determined  from  the  measurement 
of  resistance  of  any  given  length  of  the  nerve  varies  with  that  length, 
being  smaller  for  the  greater  length. 

(6)  The  resistance  of  the  whole  nerve  directly  determined  is  a  smaller 
value  than  its  resistance  calculated  from  a  summation  of  the  resistances 
of  the  several  sections  between  pairs  of  electrodes. 

(c)  The  resistance  of  that  section  of  the  nerve  bounded  by  the  cross- 
section  gives  a  smaller  value  for  the  resistance  per  centimetre  of  the  nerve 
than  any  other  section. 

An  observation  of  these  facts  has  led  to  a  routine  method  for  calcu- 
lating the  resistance  of  any  short  length  of  nerve  when  the  resistance 
required  is  not  that  to  a  current  entering  and  leaving  at  the  extremities 
of  the  short  length,  but  the  gross  longitudinal  resistance  to  a  current 
travelling  in  paths  parallel  to  the  long  axis  of  the  nerve.  The  resistance 
obb^ned  from  the  longest  available  stretch  of  nerve  provided  wi^i  acTQSfi- 
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section  at  either  end  and  calculated  iato  resistance  per  centimetre  is  the 
standard  of  gross  longitudinal  resistance,  and  multiplied  hy  the  leng^  of 
short  piece  of  nerve  gives  the  calue  required. 

The  determination  of  the  differences  of  potential,  or,  as  it  is  preferred 
to  call  them,  the  available  E.M.F.'b  between  pairs  of  points  on  nerve,  and 
calculations  based  upon  these  and  upon  the  known  resistances,  have  given 
interesting  information. 

(a)  when  the  cross-section  is  connected  to  a  point  an  the  longitudinal 
surface,  the  current  found  in  the  outer  circuit  passing  from  longitudinal 
surface  to  cross-section  can  he  found  traversing  the  nerve  from  cross- 
section  to  longitudinal  surface,  by  the  new  differences  of  potential  acquired 
by  intervening  points  on  longi- 
tudinal surface  of  nerve.  A  gal- 
vanometer circuit  between  two 
such  intervening  points  shows  n 
current  reverse  in  direction  to 
that   in   the  outer  circuit,  and 

the    difference  of  potential  be-    A  0  CD 

tween  two  such  points  ia  exactly 

that  which  would  be  the  case  if  they  are  considered  simj^y  as  points  upon 
a  circuit,  the  only  source  of  E.M.F.  in  which  is  the  P.D.  between  the 
extreme  points,  and  with  a  certain  fraction  of  the  total  resistance  between 
them  ;  which  fraction  is  that  Riven  by  the  relation  of  the  portion  of  the 
gross  longitudinal  resistance  of  the  nerve  between  the  points  to  the 
resistance  of  the  primary  external  circuit  and  the  resistance  of  the  nerve 
subtended  by  its  points  of  application. 

If  there  is  a  pre-existing  difference  of  potential  between  the  two 
intervening  points  (longitudinal  current)  before  the  primary  external 
circuit  is  formed,  this  difference  remains  and  subtracts  from  the  difference 
of  potential  caused  by  tlio  closure  of  this  circuit.  It  is  concluded  from 
this  that  the  sources  giving  rise  to  the  two  phenomena  are  separate,  and 
capable  of  existing  simultaneously  with  an  opposition  of  effects. 

Further,  by  tracing  the  differences  of  potentials  round  the  circuit 
formed  by  permanently  joining  the  cross- section  to  a  point  on  the  longi- 
tudinal surface  it  in  possible  to  define  the  limits  of  the  demarcation 
source. 

In  consequence  of  the  behaviour  of  points  possessing  a  difference 
of  potential,  the  cause  of  longitudinal  currents,  an  examination  has 
been  made  of  electrotonic  currents,  and  it  is  found  that  quite  simi- 
larly the  closure  of  a  circuit  placed  for  the  observation  of  an  electrotonic 
current  creates  differences  of  potentials  in  intervening  pointe  of  nerve  due 
to  a  passage  in  the  nerve  of  a  current  in  the  reverse  direction,  which 
reverse  current  may  be  observed  by  connecting  up  the  intervening  points 
through  a  galvanometer  ;  and  that  in  this  case  also  the  diflerences  of 
potential  in  intervening  points  can  he  calculated  from  a  knowledge  of  that 
portion  of  the  gross  longitudinal  resistance  which  lies  between  them. 

In  all  these  cases  the  currents  observed — demarcation  current,  longi- 
tudinal current,  electrotonic  current — can  be  demonstrated  in  this  exact 
manner  to  be  new  creations,  the  result  of  the  connecting  up  of  the  observa- 
tion circuit.  The  institution  of  the  external  circuit  not  only  provides  for 
the  lirst  time  a  current  through  this  external  circuit,  hut  also  the  traverse 
of  the  same  current  in  a  return,  and  therefore  reverse,  direction  through 
the  nenp. 

Coogic 
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(b)  Experiroents  have  aJso  been  perfonned  with  reference  to  th« 
qaestion  of -the  dependence  of  the  E.M.F.  of  demarcation  eonrce  upon  the 
■ectionnl  area  of  the  nerve  and  number  of  individual  fibres  contained  in  it. 
It  has  been  found  that  the  laying  of  two  nerves  side  by  side  with  their 
cross- sections  upon  the  same  electrode  does  not  increase  the  available 
E.M.F.,  whilst  adding  to  the  current  by  a  diminution  of  resistance ;  but 
that  if  one  of  the  nerves  is  drawn  along  the  other  and  away  from  this 
electrode,  so  that  the  cross'section  of  one  remains  upon  the  electrode,  but 
that  of  the  other  is  removed  from  it,  but  lies  in  contact  with  the  longi- 
tudinal surface  of  the  first  nerve,  then  there  ia  an  increase  of  the  available 
E.U.F.  This  summation  of  the  E.M.F.'s,  due  to  either  singly,  increases 
with  the  distance  between  the  two  crose- sections  up  to  a  certain  limiting 
distance  when  the  maximum  summation  is  reached.  It  ia  believecl  that 
from  the  details  of  such  experiments  interesting  evidence  can  be  obtained 
of  the  position  and  limita  of  the  demarcation  source  and  current  within 
the  nerva 

The  experiments  also  provide  a  considerable  amount  of  evidence  as  to 
the  dependence  of  the  available  E.M.F.  between  croas-section  and  longi- 
tudinal surface  upon  the  distance  of  point  on  longitudinal  surface  from 
the  cross-section.  It  is  believed  that  the  E.M.F.  increases  up  to  a  certain 
point  when  a  maximum  is  reached,  and  that  this  maximal  valae  is  obtained 
until  the  second  cross- section  at  other  end  of  nerve  is  approached. 

It  is  also  believed  that  a  similar  law  is  true  for  longitudinal  currents, 
OS  also  for  electrotonic  currents,  namely,  that  with  the  proximal  electrode 
upon  a  fixed  point  the  removal  of  the  distal  electrode  further  and  further 
from  this  point  produces  the  same  kind  of  variation. 

In  addition  it  is  reported  that  in  reference  to  the  further  error  to  which 
it  was  conceived  the  variations  of  blood -pressure  in  the  blood-vessels  of  a 
mammalian  nerve  might  give  rise^namely,  to  electromotive  phenomena 
similar  to  those  recorded  in  cose  of  the  carotid  and  femoral  arteries — a 
number  of  experiments  have  been  conducted  to  decide  the  causation  of 
this  phenomenon.  It  was  considered  for  purposes  of  further  experiment 
that  its  causation  might  be  due  to  (1)  changes  in  the  muscular  walls  of 
arteries  ;  (2)  variations  in  a  conceivable  current  due  to  frictional  flow 
through  the  peripheral  vessels. 

Experiments  carried  out  upon  these  two  lines  have  produced  some 
evidence  in  support  of  (1),  but  none  in  support  of  (2).  In  ease  of  the 
latter  supposition  the  perfusion  of  saline  solution  through  excised  organn 
under  varying  pressure  was  not  found  to  be  productive  of  any  current 
changes  other  than  such  as  might  be  explained  by  changes  of  resistance 
iic,  which  were  also  measured. 


The  Phyeiological  Effects  of  Peptone  and  its  Precursors  when  introduced 
into  the  Circulation.  Report  of  a  Committee,  consistimj  of  Professor 
E.  A.  ScHSFER,  F.R.S.  iChairman),  Professor  C.  S.  Sherring- 
ton, F.R.S.,  Professor  R.  BoYCE,  aivl  Professor  W.  H.  Thompson 
(Secretary).     (Drauii  vp  by  the  Secretary.) 

DCRINO  the  year,  control  work  arising  out  of  the  research  was  in  the 
first  place  brought  to  a  completion  and  will  shortly  be  published.  This 
deals  with  the  influence  wliich  the  solvent  employed  in  the  peptope 


458  REPORT— 1900. 

ezperimentfl — viz.,  physiological  solution  of  sodiam  chloride — when 
injected  io  small  quantities,  produces  upon  the  functions  of  the  kiduey. 

In  the  next  plrtce,  attention  weib  directed  to  the  effects  which  certaJQ 
cOQBtituests  of  antipeptone— vi/.,  arginin  and  lysiu — exert  upon  nietA- 
Iioliam. 

Two  metliods  were  adopted  for  this  purposf^. 

In  one  form  of  experiment,  a  solution  of  the  substance  under  con- 
dderation  was  injected  into  the  circulation,  urine  being  collected  f<v 
definite  periods  before  and  after  the  injection.  This  showed,  inUr  alia, 
that  neither  of  the  substances  r(>appeared  as  euch,  in  any  appreciable 
quantity,  in  the  urine.  The  full  results  are  noti,  however,  ready  for 
publication. 

In  the  second  class  of  experiment,  an  animal  was  brought  into  nitro- 
genous equilibrium  and  the  substance  administered,  either  by  addition  to 
the  diet  or  by  subcutaneous  injection. 

These  latter  experiments  are  of  necessity  very  laborious,  and  slow  in 
yielding  results.  They  are,  moreover,  only  in  their  commencement. 
Nevertheless,  very  interesting  facts  promise  to  arise  out  of  them.  For 
example,  a  pronounced  form  of  glycosuria  seems  to  be  caused  by  the 
subcutaneous  injection  of  arginin.  The  work  has,  however,  not  yet  been 
controlled,  and  it  would  obviously  be  premature  to  go  further  into  the 

Hitherto,  the  necessary  arginin  and  lysin  have  been  generously  placed 
at  my  disposal  by  Professor  A.  Kossel,  of  Marburg.  These  substances 
are,  however,  very  expensive  to  produce,  and  it  can  hardly  be  hoped  that 
a  sufficient  supply  will  in  future  be  available  from  this  source.  The 
experintents  am  also  in  themselves  more  costly  than  those  of  former 
years.  For  these  reasons,  as  well  as  on  account  of  the  important  results 
which  they  promise  to  yield,  it  is  deemed  necessary  to  apply  for  an 
increased  grant,  viz.,  of  40/. 

The  secretary  has  been  responsible  for  the  carrying  out  of  the  work. 


Vascular  Supj^h/  of  Secreting  Glands. — Seport  of  fJie  Commiilee,  con^ 
nisting  of  Professor  E.  H.  Staru.ng  (Chairman),  Dr.  J.  L, 
Bunch  (Secretari/),  and  Dr.  L.  E.  Shore,  on  fhe  Effect  of 
Chorda  StimuUdion  mi  the  Volume  of  fhe  SvUnaxitla^j  Gland. 
{prav:n  up  hy  the  Secrelnnj.) 

CBANGE3  in  volume  of  the  submaxillary  gland  may  be  brought  about 
both  by  variations  in  the  Qow  of  blood  to  the  gland  and  of  secretion  from 
the  gland.  Not  so  long  ago  it  was  believed  that  a  distinct  causal  relation- 
ship existed  between  vascular  supply  and  secretion  ;  that  fluid  was 
secreted  from  the  gland  as  a  result  of  increased  intracapiltary  pressure, 
and  the  discovery  by  Claude  Bernard  of  the  vaso  dilator  action  of  1<he 
chorda  tympani — the  chief  secretory  nerve  then  known — lent  additional 
weight  to  this  theory.  But  the  theory  wns  disproved  by  Ludwig,  who 
showed  that  the  dog's  submaxillary  could  be  mode  to  secrete  by  stimulation 
of  the  ce^^■ical  sympathetic  nerve,  though  such  stimulation  caused  vaso- 
constriction and  not  vaso -dilatation,  and  that  the  pressure  in  the  gland- 
duct  could  exceed  the  pressure  even  in  the  carotid  artery.  Other  facts 
were  discovered,  such  as  the  paralysis  of  the   secretory  fibres  qf  tjie 
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chorda  by  atropine,  although  the  vaso-dilator  fibres  of  the  nerve  remained 
unaffected,  and  the  secretion  which  can  be  obtained  as  a  result  of  chorda 
stimulation  unaccompanied  by  vaso-motor  changes  after  degeneration  of 
the  nerve  for  two  or  thrpe  days. 

Tt  cannot,  however,  be  said  that  thp  problem  of  secretion  has  lost  its 
complexity  even  now,  for  we  know  that  sfcrction  may  bo  accompanied  by 
vftso- constriction  or  by  vaso -dilatation  ;  that  it  may  in  some  cases  l)e 
paralysed  by  quinine  or  atropine,  in  others  not ;  and  that  in  the  same 
gland  stimulation  of  one  nerve  may  give  rise  to  a  secretion  having  quite 
diffemnt  charactflristics  from  that  brought  about  by  excitation  of  another 

Irt  order  to  investigate  the  action  of  the  chorda  on  the  volume  of  the 
submaxillary  gland  I  have  employed  a  plethysmograph  of  very  simple 
construction,  devised  by  Professor  Schaier,  which  consists  of  a  gutba- 
percha  box  with  one  side  of  glass,  thus  enabling  the  gland  to  be  kept 
directly  under  observation,  and  any  flushing  or  pallor  of  the  superficial 
vessels  to  be  accurately  noted.  The  vessels  and  gland-duct  enter  the  box 
on  one  side  through  an  opening  sufiiciently  large  to  prevent  any  pressure 
being  exerted  upon  them,  and  the  rest  of  the  aperture  is  closed  by  cotton- 
wool and  thick  vaseline.  Only  a  very  small  portion  of  the  duct  where  It 
emerges  from  the  hiluni  is  contained  within  the  plethysmograph,  and  the 
box  is  so  supported  by  means  of  a  clamp  that  the  portion  of  duct  outside 
it  is  quite  loose,  and  no  contraction  of  the  longitudinal  fibres  of  the  duct 
can  pull  upon  or  otherwise  affect  the  volume  of  the  contents  of  the  box. 
The  box  ia  conneoted  with  a  tambour  or  pbton- recorder,  which  writes  on 
a  smoked  paper,  by  an  indiarubber  tube  attached  to  a  glass  tube  which 
passes  through  one  side  of  the  box,  the  whole  apparatus  being  filled  with 
air.  A  lateral  tube  leads  from  this  connecting  tube,  and  is  closed  with  a 
spring  clip,  so  that  the  pressure  within  this  air-tight  system  can  be  raised 
or  lowered  at  any  moment.  The  tracings  obtained  in  many  cases  show 
most  distinctly  both  heart-beats  and  respiratory  cur\-ei^. 

The  chorda  was  exposed  after  division  of  the  digastric  muscle,  ligatured, 
and  cut,  and  the  peripheral  end  stimulated  by  means  of  Ludwig's  elec- 
trodes, which  were  left  in  ntu.  In  some  cases,  the  chordo-lingual  nerve 
was  divided  centrally  and  the  peripheral  end  stimulated  ;  any  injury  to 
the  more  slender  chorda  through  manipulation  was  thus  avoided.  The 
nerve  was  excited  by  currents  of  different  strengths,  and  with  varying  rates 
of  repetition  of  this  stimulus,  and  the  aneesthetic  was  varied  in  different 
experiments.  With  amoderatelyweakstimulusexcitation  of  the  chorda  pro- 
duced considerable  diminution  in  volume  of  the  gland  and  a  fall  of  the  lever 
of  the  piston- recorder.  The  fall  was  preceded  by  a  short  latent  period  when 
the  gland  was  secreting  freely,  and  rapidly  reached  its  maximum  when 
the  stimulation  was  a  short  one.  When  the  current  was  shut  off  the 
lever  still  remained  at  its  lowest  point  for  a  short  time,  which  varied  in 
duration  according  to  the  length  of  passage  of  the  current.  The  gland 
then  very  gradually  again  increased  in  volume,  and  the  lever  rose  until  it 
onoe  more  reached  the  base-tine.  This  recovery  in  volume  was  succeeded 
1^  dilatation  of  the  gland  and  further  rise  of  the  lever  to  a  point  well 
above  the  base-line,  after  which  it  again  gradually  fell.  The  extent  of 
this  dilatation  varied  according  to  the  previous  diminution  in  volume  of 
the  gland,  being  greater  and  more  prolonged  when  the  diminution  of 
gland  volume  had  been  well  marked,  but  the  after-rise  of  the  lever  did 
not  equal  in  extent  or  duration  its  previous  fall.    This  diminutaoD  in 
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gland  volame  was  accompanied  by  a  free  flow  of  eecretioa  from  the  dact, 
the  amount  of  which  wag  measured,  and  by  marked  dOatation  of  the 
vessels  of  the  gland. 

With  a  stronger  stimulus  the  latent  period  was  shorter,  the  flow  of 
saliva  greater,  and  the  diminution  in  volume  of  the  gland  more  abrupt 
and  of  greater  range.  The  recovery  of  volume  was  also  slower,  and  the 
after  dilatation  more  marked.  When  the  excitation  was  a  long  one,  moi'O 
especially  with  a  strong  current,  the  recovery  of  the  gland  was  consider- 
ably prolonged,  and  the  rise  of  the  lever  a  very  gradual  one.  As  long  as 
both  gland  and  nerve  remained  in  good  condition  successive  stimulations 
of  the  chorda  repeated  as  soon  as  the  gland  had  returned  to  its  original 
volume  still  continued  to  produce  the  same  efTect,  with  but  little  difference 
in  diminution  of  volume  in  response  to  stimuli  of  the  same  strength  and 
duration.  If,  however,  the  nerve  was  stimulated  a  second  time,  either 
immediately  after  the  first  excitation  or  while  the  lever  was  still  rising, 
the  resulting  diminution  in  volume  of  the  gland  was  less  than  that  pre- 
ceding it,  this  difference  being  greater  the  more  quickly  the  second 
excitation  succeeded  the  first.  When  the  secretion  produced  by  chorda 
stimulation  was  scanty  and  viscid,  in  spite  of  the  accompanying  active 
vaso-dilatation,  stimulation  of  the  nerve  caused  either  a  very  small  fall 
of  the  lever  or  a  preliminaiy  fall  succeeded  by  a  rise.  In  some  cases, 
more  especially  when  there  was  some  obstruction  to  the  free  escape  of 
blood  through  the  veins,  and  also  scanty  secretion,  chorda  excitation  gave 
rise  to  increase  of  volume  of  the  gland,  owing  to  the  increased  flow  of 
blood  to  the  gland  more  than  compensating  for  the  small  amount  of 
secretion  leaving  it,  After  the  administration  of  small  doses  of  atropine 
intravenously,  suflicii^nt  to  paralyse  the  secretory  fibres  of  tJie  chorda 
(8-12  mg.  for  a  dog  of  7  kilos.),  stimulation  of  the  peripheral  end  of  the 
divided  chorda  caused  no  flow  of  secretion  from  the  duct,  but  an  active 
dilatation  of  the  gland  and  a  rise  of  the  piston -recorder  lever  to  an  extent 
about  equal  to  the  previous  fall  of  the  same  lever  brought  about  by  a 
stimulus  of  the  same  strength  and  duration  before  any  atropine  had  been 
iulministered. 

The  absolute  increase  or  diminution  in  the  volume  of  the  gland  under 
varioos  conditions  was  estimated  by  calibration  of  the  piston-recorder, 
the  rise  or  fall  of  the  lever  for  fractional  parts  of  a  cubic  centimetre 
beit^  marked  out  on  a  scale.  The  volume  of  the  gland  in  cubic  centi- 
metres was  determined  from  the  difference  between  its  weight  in  air  and 
in  water,  and  the  amount  of  secretion  produced  by  nerve  stimulation  or 
otherwise  was  also  determined  by  connecting  the  cannula  in  the  duct  with 
a  glass  tube  graduated  in  fractional  parts  of  a  c.c.  In  order  to  determine 
the  total  diminution  in  volume  of  the  gland,  due  to  chorda  stimulation, 
the  diminution  in  volume  of  the  gland  waa  first  determined  in  an  etherised 
dog  before  the  administration  of  atropine,  and  then  the  increase  in 
volume  of  the  same  gland  after  the  administoation  of  a  dose  of  atropine 
sufficient  to  paralyse  the  secretory  fibres  of  the  chorda.  By  adding  the 
two  amounts  together  the  total  loss  of  gland  contents  due  to  chorda 
stimulation  was  obtained.  On  comparing  this  with  the  amount  of  secre- 
tion poured  out  in  the  same  time  we  found  that  at  least  -,%  of  the 
secretion  was  derived  from  the  extra- vascular  portions  of  the  gland. 
Since  there  is  no  diminution  in  the  lymph  flow  from  the  gland,  but  rather 
a  slight  increase  during  the  period  of  stimulation  (Bainbridge),  we  must 
conclude  that  the  effect  of  the  secretory  nerves  is  simply  and  solely  upon  thp 
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Beantory  celli,  the  iDcreued  exudatdoa  from  the  blood-vessels  which  must 
in  the  lost  instance  supply  the  fluid  for  the  secretion  being  a  secondary 
phenomenon  determined  entirely  by  the  metabolic  changes  of  the  cells,  ^d 
lagging  behind  these  to  a  very  considerable  extent. 


Age  of  Slo7te  Circles. — Rejiod  of  the  Covimittet;  consisUwi  of  Dr.  J.  G. 
(tARSox  (Okaimuiii),  Mr.  H.  Balfour  (Secretanj),  Sir  John 
Evans,  Mr.  0.  H.  Read,  Profesaor  R.  Meldola,  Mr.  A.  J.  Evans, 
Dr.  R.  MCNRO,  ami  I*rofeesor  W.  Boyd  Dawkins. 

The  Committee  have  to  report  that  various  possible  sites  have  bean  dis- 
cussed and  the  necessary  inquiries  have  been  made  during  the  past  year, 
and  negotiations  are  now  in  progress  which  it  is  hoped  will  enable  the  Com- 
mittee to  begin  the  actual  work  of  section  cutting  during  the  ensuing  year 
at  Arbor  Low  Stone  Circle  in  Derbysbira,  permission  for  which  has  been 
kindly  granted  by  his  Grace  the  Duke  of  Rutland, 

The  Committee  request  to  be  reappointed  with  the  disposal  of  the 
unexpended  balance  of  the  grant,  with  which  it  is  proposed  to  make  one 
or  two  trial  sections  of  the  ditch  and  rampart  <tf  the  cu'cle. 


Mental  aiid  Physical  Bevialions  from  Ike  NorTiutl  among  Children  in 
I'lihlic  Elementary  a7ul  other  Schools. — Report  of  the  Committee, 
consulting  of  Mr.  E.  W.  Brabkook  {Chairman),  Dr.  FhaNCIS 
Warner  (Secretan/),  Mr.  E.  White  Wallis,  Dr.  J.  G.  GarsoK, 
ami  Dr.  RiVERS.     (Ihaicn  up  hj  ike  Secretari/.) 

Appasuix.— TArw  tablei  thfming.for  the  50,000  children  examined  1892-3*. 
all  catet  preieiUing  ene  or  more  abnormal  nerre-iignt,  o/rraniied 
in  three  age-grovpt.  Thetc  oatet  are  elaued  in  jn^mary  i/roupt 
pTttenting  nerra-tignM  in  the  parti  indicated  only, Hi.:  (I)  the 
face  ;  (3)  the  ftanS;  (3)  eye-murcment* ;  (■!)  in  otter  parti  of 
the  body.  Tkt  case*  are  further  diitritmtcd  in  primari/  group) 
mtder  the  iHain  clattct  Iff  defect .p.  464 

The  Committee,  acting  in  conjunction  with  the  Childhood  Society  for 
the  Scientific  Study  of  the  Mental  and  Physical  Conditions  of  Children, 
have,  through  the  assistance  of  that  society,  been  able  to  use  the  cards 
recording  the  'cases  with  any  abnorinal  norve-sign,'  bs  seen  18D2-94; 
that  is,  2,851  boys,  2,003  girls,  as  found  among  26,287  boys,  23,713  girls 
examined. 

As  a  new  method  of  research  these  cases  are  arranged  in  primary 
groups  containing  the  children  who  presented  nerve-signs  in  (1)  the  face 
only  ;  (2)  the  hsind  only  ;  (3)  eye -movements  defective  only  ;  and  (4)  a 
group  showing  nerve-signs  in  other  parts  of  the  body  only. 

In  making  a  rapid  examination  and  report  on  children  examined  in 
schools,  it  may  be  convenient  to  classify  nerve-oases  in  four  groups  as 
presenting  signs  in  (1)  face  (defect  of  expression,  overaction  of  the  frontal 
muscles,  knitting  the  eyebrows,  muscular  relaxation  about  the  lower 
ejeiid) ;  (2)  in  balance  of  the  hand  or  finger  twitches ;  (3)  irreguUr 
.movements  of  the  eyes  ;  (4)  in  general  balanceof  the  head  and  other  parts 
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of  the  body.  Twenty-one  nerre-signa  have  been  obaerved  and  defined  ;  ' 
the  cases  presenting  these  signs  are  here  groaped  in  classes  under  the 
brings  named  according  to  the  ports  of  the  body  in  which  they  are  seeii. 

The  tables  given  in  the  appendix  may  now  het  described. 

The  total  number  of  children  with  any  class  of  nerve-signs  is  obtain- 
able by  adding  the  eight  primary  groups  presenting  that  class,  thus  : 
Among  the  children  7  years  and  under,  adding  the  eight  lines  enumerating 
signs  in  the  fac»  gives  a  total  of  843  bo;s,  179  girls.  Again,  addition 
of  the  three  lines  enumerating  signs  in  face  and  <'j\,-iuovements  gives  a 
total  of  21  boys,  20  girls,  with  the  two  classes  of  nerve-signs. 

The  numbers  in  each  primary  group  of  nerve-coses  are  given  in  the 
last  columa  of  the  table,  and  ai-e  distributed  again  as  primary  groups 
according  to  the  main  classes  of  defect  observed  associated  with  the 
nerve-signs.     Thus : 

Column  headed  B  gives  cases  with  nerve-signs  only. 
AB=:  Nerve-signs  associated  with  development  defect  only. 
BC  ^Nerve-signs  associated  with  delicacy  only  ;  children  pale  or  thin. 
BD= Nerve- signs  with  mental  dutnesa  only. 

ABC = Nerve-cases  with  developmental  defect  and  delicate  only,  i.e. 
not  dull  or  backward. 

From  these  tables  the  compound  groups  can  be  formed  by  addition  of 
the  primary  groups  composing  them,  and  from  these  the  correlations  of 
the  classes  of  nerve-aigns  with  the  main  classes  of  defect  can  be  obtained 
after  the  method  explained  in  Dr.  Warner's  paper,  published  in  the 
'  Journal  of  the  Boyal  Statistical  Society,'  March  1896. 

Among  the  nerve-cases  here  reported  on,  the  relative  frequency  of 
nerve-signs  in  the  face,  the  hand,  and  in  eye-movements  is  shown  to  be 
as  follows : — 


Aga-groups 

Total  No.  of 
CaB«i 

Pace 

Total  No.  ol 
Coses 

Eyk.move- 
Total  No,  of 

H»SD             j 

TotiUNo.of   ' 
Cases 

T  years  and  imder , 
i  S-lOvears      . 
11  years  and  over. 

BoyB      Uirls 

713        483 

1,229       878 

Boys  I  Girls 
343  1     17U 
ITS  .     250 
317  '     141 

Boys      OirU 

153        127 
104           oV 

Boys     Girls  i 
300      20!*  1 
6D0      603   ' 
630      426  , 

;      At  all  ages. 

2,851  j  2,003 

1,133  1     D70 

351       259 

1«0   1,138  , 

Other  researches  were  made,  but  when  they  did  not  appear  to  supply 
useful  information  the  results  were  not  included  in  the  tables.  It  was 
thought  that  there  might  be  a  definite  association  between  irr^ular 
movements  of  the  eyes  and  twitchings  of  the  fingers  ;  the  facts  given 
below  do  not  support  the  premiss.  Again,  the  association  between 
irregular  eye-movements  and  overaction  of  the  frontal  muscles  (frowning) 
is  not  very  markctl,  though  mure  frequent  than  in  the  last  case. 

I  SeeJiepurt  on  the  ScumUJic  Studio/'  tAc  ileiUnl  and  Fktjiical  Coaditimuof 
Cluldren,  baud  oa  tlit  eaaiiUHaiiun  <if  100,000  eidtdreH,  p.  76.  PabUib«d  at  the 
Parkes  Unseum. 
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AgeOroapi 

Prinmry  Qroupa  —  ~ — ■ 

I   7  and  under   !         8-10         I   11  uid  o< 


B;e-moTeiIteDls  and  finger   twitcbca 


,  BofB  I  Oirk  .  Boys  j  GirU  I  Boy*  I  Girls 


;  Eye-moTementa  and  finger  twitcbea  '  y  '  ■  ' 

I       anil  other  neive-signs       .         .        .|2il,7  3l3l     —  I 

I  Bfa- movements   and    froQtals    over-  <  i  |  '  I 

I      acting  only       .        .        .        .        .'7  2         13,33'     —  ' 

Eye-moTemeiitsaikdfioiitalsandothBr  ,  \  \ 

nerve-signs &  3.16  2,0iZ 

Tbia  Committee,  first  appointed  in  ltJ92,  have  reported  each  yeiir,  and 
information  thus  supplied  concerning  the  mental  and  physical  conditioiu 
of  childhood  has  afforded  evidence  in  a  wide  field  of  research.  Among 
other  problems  advanced  it  has  been  shown  that,  with  certain  constitu- 
tional conditions  of  congenita]  deficiency  and  acquired  defects  as  found 
among  boys  and  girls  respectively,  the  stAtus  varies  in  the  age-gronps. 
It  appears  highly  probable  that  the  heavy  mortality  under  five  years  of 
age,  which  falls  principally  on  the  boys,  is  largely  due  to  developmental 
defects,  while  children  with  such  congenital  defect  who  survive  add  largely 
to  the  proportion  of  the  dull  and  delicate  pupils  in  schools,  and  to  th# 
number  of  ueuroti(!  persons  who  often  fail  in  health  at  adult  age.  , 

Thp  main  classes  of  defect  among  children  arc  more  frequent  with 
boys,  while  the  girb  with  defective  constitution  tend  in  larger  proportion 
than  the  boys  to  ill-health  and  brain  disorderliness. 

To  summarise  problems  previously  demonstrated,  development- defect 
cases  are  very  frequently  delicate  and  dull.  Children  with  (motor)  brain 
disorderliness  are  often  dull ;  so  are  the  children  who  are  naturally  deli- 
cate. Dull  pupils  oft«n  present  defect  in  development  as  well  as  delicacy 
and  (motor)  bmin  disorderliness  needing  special  care  and  training. 

Departures  from  the  normal  are  more  frequent  among  males  ;  but  the 
females  with  developmental  defect  or  brain  disorderliness  are  more  apt  to 
receive  harm  and  to  receive  less  good  from  their  environment  than  males. 
This  indicates  the  care  required,  and  is  illustrated  by  the  more  hopeless 
condition  of  female  lunatics  and  criminals. 

It  has  been  shown  that  good  effects  follow  the  employment  of  physical 
training  at  school  in  diminishing  the  number  of  children  with  signs  of 
brain  disorderliness  and  the  proportion  of  dull  pupils. 

Children  in  poor-law  aud  industrial  schools  are  below  the  average  in 
bodily  development  and  mental  ability.  It  appear:!  that  home  life  and 
day  school  training  are  more  advantageous  than  institution  training. 

The  investigations  that  have  been  carried  out  and  study  of  the  distri- 
bution of  coses  of  developmental  defect  in  various  localities  have 
suggested  that  sanitation  and  the  practical  application  of  hygienic  prin- 
ciples to  school  life  may  lessen  the  frequency  of  developmental  defects  and 
the  proportion  of  mental  and  physical  weii^ness  and  mortality  co- 
attendant. 

In  conclusion,  it  bus  been  shown  by  many  examples  that  detailed 
examination  and  report  on  the  children  in  selected  schools  have  proven 
many  points  of  social  and  scientific  value. 

The  Committee  desire  to  be  reappointed  to  continue  research  inconjunc- 
tiop  with  the  Childhood  Society,  and  oak  a  grant  of  dl.  in  aid  of  this  work. 
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Jfole. — Since  thia  report  was  drawn  np  lUi  important  mathematical 
paper  '  On  Association  of  Attributes  in  Statistics,  with  Illustrations  from 
the  Material  of  the  Childhood  Society  &c.,'  by  Mr.  G.  Udny  Yule,  has  been 
published  in  the  '  Philosophical  Transactions  of  the  Boyal  Society.'  The 
suggestions  there  made  as  to  statistical  methods  of  presenting  correlations 
are  likely  to  prove  most  useful  in  future  research. 

Charts  have  been  prepared  from  these  Reports  by  Mr.  C.  S.  Loch  and 
exhibited  at  the  Paris  Congress  by  the  Charity  Organisation  Socie^. 


SUchester  Excavation. — Report  of  the  Committee,  consUtmg  of  Mr, 
Abthcr  J.  Evans  (Chairman),  Mr.  J.  L.  Myres  (Secretary), 
emd  Mr.  E.  W.  Braurook,  aiipoinied  to  co-o}>erate  vnik  the  Sil- 
cliesler  Excavatum  Fund  OoTnmittee  in  tlieir  Excavalimw. 

TuK  Committee  has  to  report  that  the  excavations  at  Silchester  in  1899 
were  begun  on  May  5,  and  continued,  with  the  usual  break  durin  the 
harvest,  until  November  16. 

The  examination  of  the  south-west  quarter  of  the  town  having  been 


completed  in  1898,  it  was  resolved  to  continue  the  excavation  of  the 
northern  half  of  the  site.  To  suit  the  coavenience  of  the  tenant,  the 
operations  of  1899  wero  re^itricted  to  the  insula  (XXI)  east  of  inevta  I 
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(which  woB  excavated  in  1690-1),  and  to  another  ttwu^  (XXTI)  north  of 
XXI,  extending  nearly  as  f  ar  aa  the  town  wall.  The  total  area  examined 
was  about  5^  acres.  The  block  plan  ahows  the  parts  already  excavated  in 
shaded  tint. 

Insula  XXI  appears  to  have  been  enclosed  by  walls  on  aJt  four  sides. 
In  addition  to  two  houses  occupying  the  northern  comers,  it  had  on  its 
eaatern  side  a  large  house  of  the  courtyard  type,  with  another  small  house 
to  the  south  of  it.  At  the  south-east  angle  of  the  inettla  was  situated  an 
oblong  chamber  with  an  apsidal  end,  perhaps  the  meeting  room  of  some 
trade  guild.  Other  traces  of  buildings  were  found  along  the  south  side. 
The  south-west  angle  uufortuu&tely  underlies  the  modem  roadway  through 
the  city,  and  could  only  partly  be  examined .  The  western  side  contained 
two  small  square  structures.  With  rngard  to  the  houses,  that  at  the 
north-west  comer  was  discovered  in  1864  by  the  Rev.  J.  O.  Joyce,  who 
communicated  an  account  of  it  to  Arc/uftoloffia.  It  was,  however,  only 
pai'tly  excavated  by  him,  and  additional  chambers  have  now  been  found 
ua  the  south  and  east.  The  north-east  house  is  one  of  the  corridor  typo 
that  has  become  a  courtyard  house  by  later  additions.  In  one  of  the 
added  rooms  was  a  hypocaust  of  peculiar  plan.  The  large  house  on  the 
east  side  is  of  interest  from  the  several  changes  it  has  undergone,  as  well 
as  on  account  of  the  traces  of  a  series  of  mosaic  pavements  of  simple 
character.  The  small  house  to  the  south  is  remarkable  for  the  number  of 
pits  and  wells  found  beneath  it.  From  these  were  extracted  several  whole 
vaies,  some  of  an  early  type  and  excellent  design. 

Insula  XXII,  though  equal  in  size  to  the  other,  contained  a  large 
amount  of  open  ground  in  the  centre  and  north-west.  As  there  were  no 
signs  of  a  street  on  its  eastern  side,  the  portion  excavated  may  form  part 
of  a  larger  ituula.  Near  the  south-west  angle  was  a  good-siied  house  of 
the  corridor  type,  with  a  large  chamber  at  one  end  terminating  in  an  apse, 
which  had  a  hypocaust  beneath  it.  A  square  chamber  of  some  size  which 
bad  been  added  on  one  side  has  foundations  of  huge  blocks  of  ironstone, 
and  the  same  material  has  been  used  in  what  appears  to  have  been  a  re- 
oonstruction  of  the  western  part  of  the  house.  Besides  this  house,  por- 
tions of  three  others  were  found.  Two  of  these  wereof  very  little  interest. 
The  remains  of  the  third  include  a  square  block  subdivided  into  two 
cliambers  of  unequal  sia^,  with  an  apae  attached  to  one  side  ,A1|  these 
had  been  warmed  by  hypocausts. 

As  usual,  a  number  of  wells  were  met  with,  lined  with  wooden  framing 
towards  the  bottom.  No  architectural  remains  of  any  importance  were 
mot  with,  save  a  piece  of  coping,  part  of  a  fluted  Purbeck  marblo  pilaster, 
and  a  fragment  of  a  white  uiarble  slab.  Tiie  finds  in  bronze,  iron,  glairs, 
tuid  bone  were  as  unmerouti  as  usual,  but  do  not  cull  for  special  notice. 
From  the  pits  examined  an  exceptionally  large  number  of  entire  vessehi  of 
pottery  were  recovered,  the  total  being  about  eighty.  They  include  several 
penudo-Samian  vases  of  unusual  quality,  an  Inscribed  drinking  cup  of 
Castor  wore,  some  large  vessels  of  the  coaise  ware  which  is  so  seldom 
found  entire,  &c.,  &c.     The  coins  found  were  not  very  numerous. 

A  detaOed  account  of  all  the  discoveries  was  laid  before  the  Society  of 
Antiquaries  on  May  3,  1900,  and  will  be  published  in.  Arc/ucologia,  LVII. 
A  special  exhibition  of  the  antiquities,  ikc.,  found,  was  held,  as  in  former 
years,  at  Burlington  House. 

The  statement  of  accounts  for  the  year  1899  ^ows  a  tota^  expendi- 
ture of  515?.  Og.  7d.  C.OOOlc 


It  ia  praposed,  during  the  current  year,  to  excavate  the  large  areA 
north  of  ingul<e  I  and  IX,  which  extends  up  to  the  north  gate.  The 
Committee  therefore  asks  to  be  reappointed,  witili  »  fardier  grant. 


Etknuhgicol  Surveij  of  Gaitada. — lleport  cf  tite  Committee,  anuietituj 
o/ProfesBor  D.  P.  Penhaluiw  {Cliairman),  Dr.  George  M.  Daw- 
SOK  (Secretary),  Mr.  E.  W.  Brabrook,  Professor  A.  C.  Haddon, 
Mr.  E.  S.  Hartland,  Sir  J.  G.  Bourisot,  Abb6  CuoQ,  Mr.  B. 
SuLTE,  Abb6  Tasguay,  Mr.  C.  Hill-Tout,  Mr.  David  Boyle, 
Rev.  Dr.  Scaddisg,  Rev.  Dr.  J.  Maclean,  Dr.  Mer£e  Bead- 
CHEMIN,  Mr.  C.  N.  Bell,  Professor  E.  B.  Tylok,  Hon.  G.  W. 
Ross,  Professor  J.  Mavor,  Mr.  A.  F.  Hunter,  ajid  Dr.  W.  F. 
Ganosg. 


The  work  of  the  past  year  has  furniabed  conspicuous  evidence  of  the 
great  importance  of  securing  ethnological  data  with  as  little  delay  oa 
possible.  While  this  is  eminently  true  with  respect  to  the  white  popula- 
tion, which  is  experiencing  new  and  marked  changes  almost  every  year,  in 
consequence  of  the  introduction  of  foreign  elements,  often  in  large 
numbers,  it  is  more  particularly  true  with  respect  to  the  native  Indian 
population.  In  many  localities  the  original  blood  has  become  bo  diluted 
by  intermarriage  with  whites  that  it  is  often  a  matter  of  great  difficulty 
to  find  an  Indian  of  pure  blood.  Proximity  to  settlements  of  white 
people  has  resulted  in  a  more  or  lesj?  profound  impress  upon  the  social 
life  and  tribal  customs,  which  are  fast  becoming  obsolete  and  forgotten. 
The  old  chiefs  who  have  served  as  the  repertories  of  traditionary  know- 
ledge are  rapidly  passing  away,  and  with  their  death  there  disappears 
the  last  possibility  of  securing  reliable  data  of  the  greatest  value.  Con- 
spicuous instances  of  this  kind  have  been  brought  to  notice  during  the 
past  year,  especially  in  the  case  of  the  British  Columbia  Indians,  whose 
ethnology  is  of  tlie  greatest  interest  and  importance  in  consequence  of 
their  possible  connection  with  the  people  of  Eastern  Asia.  At  present 
the  great  ditficutty  of  securing  competent  and  willing  investigators  is  one 
of  the  most  serious  obstacles  to  be  contended  with,  and  it  is  believed  that 
the  often  considerable  expense  involved  in  the  prosecution  of  such  work 
is  largely  accountable  for  this  condition  of  affairs. 

It  is  gratifying  to  note  that  the  Department  of  Education  for  Ontario 
has  lately  taken  a  very  practical  and  active  interest  in  ethnological  studies 
in  thot  province,  and  that  it  provides  for  the  publication  of  the  resalts  of 
research  in  its  annual  reports.  During  the  past  year  Mr.  A,  F.  Hunter, 
of  Barrie — a  member  of  this  committee — has  thus  published  the  results  of 
important  studies  relating  to  the  archseology  of  the  township  of  Tay.  A 
rcguTii^  of  this  work  shows  that  much  light  has  been  thrown  upon  the 
extent,  cbaTacteristics,  and  condition  of  the  Indian  population  in  prehistoric 
times.  Evidence  has  latterly  been  accumulating  to  indicate  the  presence 
at  one  time  of  numerous  aboriginal  settlements  in  localltieB  which  were 
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very  sparsely  inhAbited  when  first  visited  by  the  white  ezplorere.  One  of 
the  most  fraitful  fields  in  Ontario  for  the  arcbfeologist  is  afforded  by  the 
■ites  of  the  numerous  Indian  vill&gea  which   abound   in   the  northern 

?)rtionB  of  Simcoe  County,  more  especially  in  the  townships  of  Tiny  and 
ay,  A  very  interesting  report  on  the  subject  was  issued  last  year  by 
Mr.  Andrew  F.  Hunter,  M.A.,  relating  to  the  Huron  Indian  relics  found 
in  ^a  former  township,  which  has  just  been  supplemented  by  a  simitar 
publication  in  regard  to  the  discoveries  in  the  adjoining  municipality  of 
Tay,  both  being  issued  as  appendices  to  the  Educational  Report.  A 
special  interest  attaches  to  the  investigatioos  made  in  Tiny,  as  it  includes 
the  spot  where  Champlain  and  the  early  missionaries  landed  on  their 
arrival  in  the  Huron  country,  the  researches  of  Mr.  Hunter  being  curled 
on  with  a  view  to  the  identification  of  those  villages  described  by  these 
pioneers  of  civilisation  and  Christianity.  In  the  territory  identified  as 
occupied  by  the  Bear  nation,  belonging  to  the  Huron  confederacy,  which 
embraces  Tiny  and  a  portion  of  Tay  township,  there  were  no  fewer  than 
forty-nine  villages,  and  twenty-four  bone-pits  or  aboriginal  burying- 
places,  have  been  unearthed.  The  villages,  however,  were  not  all  occu- 
pied at  the  same  time.  Thirty-nine  of  the  number  bear  evidences  that 
the  inhabitants  had  had  some  contact  with  Europeans.  A  detailed 
description  is  given  of  the  various  village  sites  and  bone-pits,  and  the 
more  interesting  and  valuable  of  the  relics  discovered,  with  numeroos 
illustrations.  A  site  to  which  particular  importance  attaches  is  the  ruins 
of  the  second  fortified  Jesuit  mission  of  St.  Marie,  on  Christian  Island, 
with  the  remains  of  an  extensive  Huron  village  surrounding  it.  The 
population  is  estimated  to  have  been  from  6,000  to  8,000  in  the  winter  of 
1649-50,  when  it  was  decimated  by  famine  and  disease. 

'  Considerable  difiereoce  of  opinion  has  prevailed  as  to  the  spot  where 
the  early  missionaries  Brebeuf  and  Lallemant  were  tortured  and  burned 
by  tbeJroquois  during  the  war  which  almost  exterminated  the  Hurons, 
and  those  interested  will  find  many  facts  bearing  upon  the  controversy  in 
the  report  dealing  with  the  township  of  Tay.  Mr.  Hunter's  own  view, 
after  a  painstaking  survey  of  all  the  evidence  obtainable,  is  that  the  site 
of  St.  Louis  II.,  where  the  missionaries  were  captured  when  the  viilage 
was  burned,  is  on  the  farm  of  John  McDermitt,  lot  15,  concession  IV., 
where  extensive  ash-beds  have  been  found  mixed  with  relics.  The  identity 
of  the  village  appears  to  be  established  by  its  size,  as  indicated  by  the 
ground,  and  its  location  as  described  by  the  old  writers.  Mr.  Hunter  is 
inclined  to  regard  the  site  on  the  farm  of  Charles  E.  Newton,  lot  11, 
concession  VI.,  as  that  of  St.  Ignaee  II.,  the  village  to  which  the  captured 
priests  were  taken,  and  where  their  martyrdom,  so  powerfully  described 
by  Farkman,  took  place.  It  has  been  known  locally  as  the  "  Jesuits' 
Reld"  for  many  years,  and  there  are  the  usual  traditions  of  buried 
treasure  which  gain  currency  wherever  relics  of  the  past  are  brought  to 
light.  Much  interesting  information  with  regard  to  less  notable  sites  and 
the  frequent  discoveries  of  Indian  remains  throughout  the  township  are 
also  embodied  in  this  work.' 

In  Appendix  I.  Mr.  B.  Suite  continues  his  study  of  the  early 
French  settlers  in  Canada,  covering  the  period  1632-66.  He  traces  the 
origin  of  these  immigrants  from  different  parts  of  France,  and  it  thus 
becomes  possible  to  establish  with  great  accuracy  the  relative  importance 
of  the  various  stocks  from  which  the  present  large  French  popiUation  of 
C^ada  is  derived.     These  studies  wjll  fojrq  an  important  basis  for  nio»? 
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detailad  inveatigtitioiis  respecting  the  effect  of  environment  uptMi  nooeed- 
ing  genemtionB. 

In  Appendix  II,  Mr.  Hill-Taut  follows  up  his  very  careful  study  at 
the  N'tlMa'pftmuq,  appended  to  last  year's  report,  with  a  similar  close 
inveBtigation  of  another  aad  markedly  different  division  of  the  Salish 
stock  in  British  Columbia,  the  Sk'go'mic  These  people  previously  in- 
habited Howe  Sound  and  Bnrrard  Inlet  in  Urge  numbers,  but  they  are 
now  much  reduced,  aod  appear  to  be  rapidly  paoeing  away.  Over  ninety 
villages  at  one  time  inhabited  are  enumerated.  Much  attention  Iihs  been 
giveu  to  the  language,  which  had  not  heretofore  been  seriously  investi- 
gated, and  which  shows  numerous  grammatical  and  other  peculianttes. 
Mr.  Hill-Tout's  work,  in  fact,  oonstitutes  a  very  important  local  contribu- 
tion to  the  ethnology  of  the  native  races  of  the  west  ooast. 

This  report  is  accompanied  by  nineteen  photographs  of  Indians,  taken 
by  Mr.  Hill-Tout,  partly  of  the  Sk-go'mic  and  partly  of  neighbouring 
tribes,  in  which  he  is  now  farther  pursuing  his  investigations. 

The  ancient  settlement  of  Huron  Indians  at  Lorette,  near  Quebeo, 
has  always  been  an  object  of  great  interest  to  the  ethnologist,  although 
prolonged  and  intimate  contact  with  the  whites  of  the  neighbourhood 
has  resulted  in  marked  alterations  of  a  physical  and  social  character. 
These  alterations  have  progressed  so  far  as  to  make  trustworthy  studies 
an  exceptionally  difficult  matter,  but  the  Committee  felt  that  no  oppor- 
tunity to  secure  such  data  as  might  yet  be  available  should  be  loet,  and 
in  Appendix  III.  Mr.  L.  G^rin  presents  the  results  of  a  very  careful 
investigation  into  the  actual  social  condition  of  these  Indians.  He 
brings  this  into  comparison  with  their  original  condition,  tracing  out 
the  influences  which  have  produced  great  changes  among  them  during 
their  prolonged  residence  in  the  province  of  Quebec,  subsequent  to  the 
abandonment  of  their  old  home.  The  condition  of  this  community  of 
Uurons  offers  a  marked  contrast  to  that  of  the  originally  similar  Iroquois 
community  near  Montreal,  their  evolution  in  modem  times  having  been 
almost  la  opposite  directions  ;  a  circumstance  explained  by  their  environ- 
ment in  the  two  cases.  The  report  is  accompanied  by  photographs 
showing  the  present  conditions  of  village  life,  which  will  be  kept  on  file 
for  future  reference. 


APPENDIX   I. 
Early  French  SetUert  in  Canada.     By  B.  Sbltb. 
Following  my  statement  of  last  year,  I  beg  to  submit,  first,  the  result 
of  my  observations  respecting  the  number  of  actual  settlers  in  1632-66. 

In  1632  there  were  twenty-nine  men  '  in  the  colony,  who  were  either 
married  or  who  married  soon  after,  and  became  heads  of  families.  These 
are  the  roots  of  the  Canadian  tree.  A  few  Frenchmen  engaged  in  the  fur 
trade  formed  a,  distinct  group  outside  of  the  scope  of  this  paper. 
In  1640  the  '  habitants '  numbered  375,'  distributed  as  follows  : 
Married  men,  64;  married  women  (threebom  in  Canada),  64;  widower, 
1  ;  widows,  4  ;  unmarried  men,  35  ;  boys  (30  bom  in  Canada),  68  ;  giris 
(24  bom  in  Canada),  48  ;  nvins,  6  ;  Jesuits,  29  ;  other  Frenchmen,  66 ; 
total,  376. 

I  1  have  publlstied  a  biographical  Rketch  of  each  of  them- 
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According  to  my  calonlations,  the  '  habitants '  did  not  exceed  600  in 
1660,  besides  40  Jesuits,  40  Jesuits'  aerrants,  and  20  other  Frenchmen. 

The  popnlation  in  1663  appears  to  have  been  distributed  in  three 
groiKB  :  Quebec,  400  ;  Three  Rivers,  175  ;  Montreal,  100  ;  total,  675. 

We  must  add  the  usual  contingent  of  French  traders,  which  was  very 
small  at  that  time  on  account  of  the  war  of  the  Iroquois. 

It  ia  mentioned  in  letters  dated  from  Canada,  1661-63,  that  the  entire 
population  (inhabitants,  Jesuits,  and  others)  did  not  exiceed  2,500.  This 
embraces  the  large  immigrations  of  1662,  1663,  which  mark  a  new  de- 
parture in  the  whole  afiairs  of  Canada, 

The  reader  is  referred  to  the  statonient  in  the  last  Report,  covering  the 
period  of  1608-1645,  with  regard  to  the  origin  of  the  122  men  who  first 
settled  in  the  colony.  I  will  now  show  the  origin  of  475  more  during 
1646-1666.  These  are  men  who  came  from  France,  were  already  married 
or  married  in  Canada,  and  founded  families  in  the  colony  :— 

North-toegt  of  France. — firetagne,  20  ;  Maine,  22  ;  Normandie,  136  j 
Picardie,  10  ;  De-de-Franoe,  25  ;  Touraine,  8  ;  Anjou,  18  ;  total,  239. 

Soulli-weH  of  Franen. — Poitou,  60;  Roohelle,  138;  Bordeaux,  14  ; 
total,  212. 

BoBt  o/Frimce. — Champagne,  6  ;  Nivernais,  2  ;  Rerry,  3  ;  Dauphinti, 
4  ;  Anvergne,  6  ;  Lyoonais,  4  ;  t^tal,  24. 

During  the  same  period,  1646-1666,  I  find  100  marriages  without  any 
mention  of  the  origin  of  the  contracting  parties  ;  but  we  may  safely  infer, 
from  the  synopsis  just  given,  that  they  must  be  added  to  the  475  whose 
origins  are  known,  and  distributed  according  to  the  relative  proportions 
of  that  Btatistit). 

Therefore  from  1608  to  1666  we  have  examined  697  men  who  came 
from  France  with  their  wives,  or  marrying  once  settled  in  the  colony. 

Until  about  1645  the  greatest  number  of  them  oamo  from  the  north  of 
river  Loire ;  aftor  that  the  south-western  provinces  gradually  balanced 
the  emigration  from  the  north — 

1646-1666.  North  of  Loire,  231  ;  south  of  Loire,  220. 

Immigrants  from  Touraine,  Poitou,  Rochelle,  Aunis,  Saintoi^,  An- 
goumois,  Bordeaux,  found  their  way  to  Canada  after  1650,  so  that  the 
Normandy  influence  was  absolute  until  about  1660,  when  Poitou  and 
Rochelle  oame  in  for  a  large  share. 

The  first  official  census  was  taken  in  1666,  and  considered  imperfect  at 
that  time.     It  gives  3,215  souls  for  all  the  New  France. 

The  census  (nominal)  of  1667  says  3,918  souls.  These  last  figures 
represent  the  697  heads  of  families  above  mentioned.  The  following 
statement  is  a  rdgutni  of  that  valuable  document :— - 

FtUttiUes,  668  ;  males,  2,406  ;  females,  1,512  ;    married  (625),  1,250  ; 
widowers,  20  ;  widows,  26  ;  boys,  1,762  ;  girls,  860. 
Age*  of  the  People. 
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The  number  of  arpents  under  aultivatioii  was  1 1 ,448,  with  cattle  3)107, 
and  sheep  85.  No  horses  yet  in  the  colony.  All  Uie  sheep  vera  ran  on 
at  Biver  St,  Charles,  near  Quebec. 

The  land  under  cultivation  shows  an  averaj>e  of  seventeen  arpents  per 
family.     The  census  of  IfiSl  lias  tlie  same  BniaJl  proportion. 


APPENDIX   II. 

/fot'ii  on  the  Sk'qii'mir  of  Bnlixh  Columbia,  a  Jlrancli  o/the great 
SalM  Slock  of  North  America.     By  C.  Hill- Tout. 

The  following  notes  on  the  Sk'qO'mic,  a  division  of  the  Salish  stock  of 
British  Columbia,  are  a  summary  of  the  writer's  studies  of  this  tribe.  While 
he  has  sought  to  make  them  as  comprehensive  and  complete  as  possible,  he 
JA  fully  conscious  that  they  are  far  from  being  exhaustive.  There  are, 
indeed,  insuperable  difGoulties  in  the  way  of  making  really  exhaustive 
reports  on  any  of  our  tribes  at  the  present  time.  There  are,  in  the  first 
place,  many  invincible  prejudices  to  he  overcome.  Then  there  is  the 
difBculty  of  communicr.tion,  and  when  these  have  been  partially  overcome 
there  yet  remains  the  difficulty  of  finding  natives  who  possess  the  know- 
ledge you  are  seeking.  Not  every  Indian  is  an  lagoo,  a  story-teller  ;  and 
only  the  older  men  or  women  I'emember  the  old  practices,  customs, 
manners,  and  beliefs  of  the  tribe,  and  even  these  have  forgotten  much  that 
\n  important  to  know.  These  and  other  difficulties  stand  in  the  way  of 
complete  and  exhaustive  investigation  ;  and  I  cannot  better  illustrate  the 
need  of  pushing  on  our  work  among  these  interesting  peoples  without 
further  delay  than  by  stdting  that  since  my  last  report  was  sent  in  my 
principal  informant  among  the  N'tlaka'pamuQ,  Chief  Mischelle,  from  whom 
I  secured  so  much  valuable  information  a  year  or  so  ago,  has  passed 
away,  and  can  render  us  no  further  aid.  In  a  few  years,  all  those  who 
lived  under  the  old  coaditious  in  pne- missionary  days,  and  who  now  alone 
possess  the  knowledge  we  desire  to  gather,  will  have  passed  away,  and  our 
chances  of  obtaining  any  further  reliable  information  of  the  past  will  have 
gone  with  them. 

In  my  work  among  the  Sk'qu'mic  I  have  been  more  than  usually  for- 
tunate, and  have  been  able  to  bring  together  much  interesting  matter  not 
previously  known  or  recorded, 

Ethnni/rajihii, 
Tlie  Sk'qo'mic  constitute  a  distinct  division  of  the  Salish  of  British 
Columbia  and  both  in  language  and  customs  differ  considerably  from  the 
coast  tribes  on  the  one  hand,  and  the  interior  tribes  on  the  other.  The 
structural  differences  of  their  speech  are  so  great  as  to  shut  tbem  ofi*  from 
free  intercourse  with  the  contiguous  Salish  tribes.  The  tribe  to-day  numbers 
less   than    two    hundred     soulsj    J    believe,       Formerly    they    were    fi 
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Btrong  and  populous  tribe,  numbering,  when  white  men.  first  came  into 
contact  with  them,  many  thousands.  Some  of  their  larger  o'lnoumuq,  or 
villages,  contained  as  many  as  seven  hundred  people,  and  tliat  lesB  than 
fifty  yeare  ago.     We  gather  this  from  the  eariy  white  settlers  themselves. 

The  original  home  and  territory  of  the  Sk'qO'mic  seems  to  have  been 
on  the  banks  of  the  river  which  gives  them  their  tribal  name,  and 
along  the  Rhorus  of  Howe  Sound,  into  which  the  Skuamiah  runs.  Their 
settlements  on  the  river  extended  for  upwards  of  thirty  miles  along  the 
banks.  Their  northern  neighbours  were  the  Llllooets  or  StlatlumH  tribe 
and  the  TcilkOtin  division  of  the  D^n^  stock.  Their  southern  neighbours 
were  the  Lower  Eraser  tribes.  According  to  one  of  my  informants  the 
Indian  villages  that  used  to  exist  on  English  Bay,  Burrard  Inlet,  and 
False  Creek  were  not  originally  true  Sk'qri'mic,  They  were  said  to  be 
allied  by  speech  and  blood  to  the  Lower  Friiser  tribes.  How  far  this  is 
correct  seen)s  impossible  now  to  say.  Skqu'mic  is  everywhere  spoken 
throughout  this  territory,  and  has  been  om  far  back  as  our  knowledge  of  it 
goes  ;  and  the  Sk'qu'mic  villages,  according  to  my  informants,  extend  to 
and  include  Md'li,  at  the  mouth  of  the  Fraser,  which  place  "Dr.  Boas  was 
informed  by  the  River  Indians  belonged  to  them,  and  which  he  has 
accordingly  included  in  their  territory.  It  was  probably  the  dividing 
line,  and,  like  Spuzzum,  farther  up  the  river,  was  composed  partly  of  the 
one  division  and  partly  of  the  other. 

Our  first  knowledge  of  the  Sk-qo'mic  dates  back  to  rather  less  than  a 
century  ago.  The  first  white  man  to  sail  into  English  Bay  and  Howe 
Sound  and  come  into  contact  with  them  was  Captain  Vancouver.  He 
recorded  briefly  his  impressions  of  them  in  the  diary  of  his  voyage  to  this 
coast,  a  short  extract  from  which  may  be  of  interest  in  tliis  flrst  formal 
account  o£  the  tribe.     He  writes  thus  :— 

Friday,  June  15,  179Si.' 
'  But  for  this  circumstance  we  might  too  hastily  have  concluded  that 
this  part  of  the  Gulf  was  uninhabited.  In  the  morning  we  were  visited 
by  nearly  forty  of  the  nativps,  on  whose  approach  from  the  very  material 
alteration  that  had  now  taken  place  in  the  face  of  the  country  we 
expected  to  find  some  difference  in  their  general  character.  This  conjec- 
ture was,  however,  premature,  as  they  varied  in  no  respect  whatever,  but 
in  possessing  a  more  ardent  desire  for  commercial  transactions,  into  the 
spirit  of  which  they  entered  with  infinitely  mure  avidity  than  any  of  our 
former  acquaintances,  not  only  bartering  amongst  themselves  the  different 
valuables  they  liad  obtained  from  us,  but  when  that  tra/le  became  slack 
in  exchanging  those  articles  again  with  our  people,  in  which  trsflic  they 
always  took  care  to  gain  some  advantage,  and  would  frequently  esult  on 
this  occasion.  Some  fish,  their  garments,  spears,  bows  and  arrows,  to 
which  these  people  wisely  added  their  copper  garments,  comprised  their 
general  stock-in-trade.  ]roninalI  forms  they  judiciously  preferred  to  any 
other  article  we  had  to  offer.' 

They  have  not  altered  much  in  these  points  of  their  character  since 
Vancouvpr's  visit,  and  many  of  them  have  to-day,  I  am  told,  snug  little 
sums  judiciously  invested  by  their  good  friend  and  spiritual  director,  the 
late  Bishop  Durieg,  in  safe  paying  concerns.  It  is  only  fair  to  say,  how- 
ever, tljat  they  deserve  to  bo  prosperous.     They  are  probably  the  most 
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industrious  and  orderly  band  of  Indians  in  the  whole  province,  and  reflect 
great  credit  upon  the  Boman  Mission  established  in  their  midst. 

I  obtained  the  foUowing  list  of  old  vill^e  sites,  not  10  per  cent,  of 
which  are  now  inhabited.'  The  list  is  not  perfectly  complete.  There 
were  a  few  more  villages  at  the  upper  end  of  Bunara  Inlet  which  have 
been  long  abandoned,  and  whose  names  my  informants  could  not  recall. 
My  enumeration  contains  in  all  some  ninety-three  villages,  each  of 
which,  according  to  Chief  Thomas  of  Qii'qios  and  others,  was  formerly  a 
genuine  Sk-qO'mic  O'ktv^imiiq,  containing  from  fifty  to  eeveral  hundred 
inhabitants. 

Ox  Sk-Q'Vmii'  River. 


Jlialil  Baiii, 

^pa'fc-. 

gio'taia. 

N'^'tc. 

Skaui'oan. 

rk-taluLi'^viDe-inaple. 

poia'ffl. 

Sqaqai'Ek. 

L^Bmi. 

Yd'knts. 

Siflaa'  =  beaver. 

Sto'toil  -loanioK  OTer  (n  riifi). 

Stfi'miB. 

Eompa. 

SmOk-. 

Slokoi. 

Qa'kaine(onMa'muknm  Creek). 

0    K-lflke'n. 

stone  (see  slorj  of  Qaia), 

Ifcwo'psum, 

K-wo'Un-ear. 

QEk-wai'akiD. 

KBtt'ten. 

Itli'oq. 

ge'qios. 

FA'kaiu'iant- Elide. 

Sle'tcBm- sandy. 

Sk-flmi'n  =  keekwiiee-house. 

N'pok-wlB. 

C^tnpB. 

Sk'uks. 

Tclraai'. 

Toia'ksniic  (on  creek  of  that  name). 

Tcuttcakta. 

Tokta'kamiii^  place  of  thimblo-berrics. 

Howe  Sound. 

Wett  Side. 

Clcai'OQoi 

TcC'waa. 

QE'lk£t«a  =  paiut«d. 

Swl'at. 

Sk-u'tiikBEn=proii)ontoiy. 

(»'tnkBBm. 

Ku'lateEn. 

Ce'tv^nm. 

Tam^s=i>aint 

Kwi't«tenEm. 

K'o'kBlon. 

Tcakqai. 

K-M'koi. 

StVktoks. 

Rtdnk-  (Gibson's  Landing). 

Ktdlks^^aling. 

Ke'tlale'm  -  nipping  grB.<>8,    so  called   be- 

Eon  Sid>. 

uiuse  deer  come  here  in  spring  to  eat 

K-rikntwC.'m  =  waterfall. 

tlie  freah  grass. 

(■C'tsilkEn. 

SkfawTttsnt  (I'dnt  Atkinson). 

IsLAKDI 

S   IS    SOUKD. 

Tia'qOm  (Anvil  laland). 

Sau'qtitc  (Hat  Island). 

Tca'lkunta  {Gambler  Island). 

Ml'tlmetle'ltc  (Passage  Island). 

Q0l6'laQom  (Bowen  Island). 

EsGLiSH  Das,  The  Nabeows,  Bcrbasd  Islet,  ani>  False  Cbxbk, 

F^OM  Coal  HarbaKr  to  Mouth  of  Xarth    Papiak'  (lighthonse). 
Arm  of  the  Fraier.  QolQoi^masks. 

Toetcs'lmen.  ttSj!L„„, 
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TcfintE. 

Sq^lc  :^  standing  tip  ('  Siwasli  rock '). 

BtStnqk-, 


Helcen- sandy  bawh ;  trrfcrttm,  soft  tc 

.  '8fkq6'l. 

thafoot. 

SmBU'koa. 

Bnaoq  (Faliw  Creek). 

K''tc6'm. 

SkOfttcai'a  =  deep  hole  in  water. 

Bwai'wi. 

Homu'ltcison   (Capilano   Creek)  (former 

Ta'lmnq  (Jericho), 

Bk-qCmic). 

U'lts'o  -  point  (ef.  radical  for  noae). 

'iliUtlBmaaq  =  BsJtwater  Cteok. 

StiAn'n. 

Tcitcile'Ek. 

Qotl«ikaim  =  serpeDt  pond. 

K-a'kqEQ. 

Qfia'ltca  (Linn  Creek). 

HumElsum. 

TcetcilQOk  (Seymour  Creek). 

ism 

K'laken  =  paliaade,  a  fenced  yUlage. 

Social  Organitation, 

The  social  organisation  of  the  Sk'qO'mic  has  been  so  much  broben  up 
and  modified  by  missiona'ry  and  white  influence  that  it  is  difHcult  now 
to  leam  any  details  about  it.  The  tribe  appears  to  have  been  divided, 
like  the  N'tlaka'pamuQ,  into  a  number  of  o'kwrimuq,  or  village  communi- 
ties, each  of  which  was  governed  by  its  own  local  chief.  I  could  gather 
nothing  of  their  beliefs  with  regard  to  the  origin  of  their  different  villages  : 
they  seem  to  have  none  or  else  to  have  lost  or  forgotten  them.  Of  the 
origin  of  the  tribe  as  a  whole  and  some  of  the  chief  events  of  their 
existence  I  gathered  an  account  a  few  years  ago  from  an  ancient  member 
of  the  tribe,  who  was  bom  a  year  or  so  after  Captain  Vancouver's  visit 
to  them  in  1792.  This  was  paUtshed  in  the  '  Proceedings  of  the  Royal 
Society  of  Canada,'  1897-98,  Briefly  it  t«Ils  how  the  first  8k-qO'mic  man 
came  into  existence ;  liow  later  the  tribe  was  overwhelmed  by  a  flood, 
and  only  one  man  and  bis  wife  escaped  in  their  canoe,  which  landed  on 
the  mountains  contiguous  to  the  present  Sk'qo'mic  territory  ;  and  bow 
later  again  a  severe  and  prolonged  snowstorm  caused,  by  cold  and  famine, 
the  death  of  the  whole  tribe  save  one  man  and  his  daughter.  From  these 
two  the  Sk'qO'mic  trace  their  tribal  descent. 

The  people  were  divided  into  the  usual  threefold  division  of  chiefs, 
nobles,  and  common  people.  The  lines,  however,  between  these  classes 
wore  not  absolutely  rigid.  According  to  my  informants  a  member  of  the 
lower  class,  if  a  woman,  could  rif!e  to  the  class  above  her  by  marriage 
with  a  member  of  that  class,  the  wife  usually  taking  the  rank  of  her 
husband  if  not  a  slave.  But  a  man  of  the  lower  rank,  even  if  he  suc- 
ceeded in  marrying  a  woman  of  the  middle  class,  could  only  become  a 
member  of  that  class  by  undergoing  a  long  and  severe  training,  in  which 
daily  washings  and  aornbbings  of  the  body  played  an  important  part. 
This  was  evidently  a  form  of  initiation  the  further  particulars  of  which 
I  could  not  leam.  As  a  rule  the  chiefs  and  their  families  and  immediate 
relatives  fomted  a  class  or  caste  apart,  the  title  of  chief  or  headman 
descending  from  father  to  son,  patriarchate  prevailing  among  the 
Sk'qo'mic.  Oonsequeotly  a  chief  usually  married  a  chief's  daughter  or 
daughters.  Battlus  rule  was  sometimes  broken,  and  a  woman  of  a  lower 
class  was  takttn  to  wife.  In  these  coses  the  chieftainship  would  properly 
descend  to  one, of  l^e  chieTs  brothers  or  bis  son,  and  not  to  his  own  son. 
This  was  the  ruH.  But  It  was  possible  to  break  this  also  and  tranEOiit 
the  headship  of  th.^  '^;!h..AimiJiiB  OTn  son  by  (n;ripg  many  '  potlatch '  fcMtl, 
,e  corpse  was  taken  out  ot  the  ho 
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and  thnB  securing  the  goodwill  of  the  tribe  in  his  son'a  favour,  The  son, 
too,  upon  his  father's  death,  would  also  give  a  feast  and  make  handsome 
presents  to  all  the  influential  men  of  the  tribe,  the  result  of  which  woald 
be  that  he  would  be  elected  to  the  rank  of  chief,  and  be  allowed  to  succeed 
his  father  in  the  chieftaincy  of  the  tribe.  From  this  it  would  soem  that 
children  took  their  social  rank  from  thfiir  mother  rather  thon  from  their 
father,  which  looks  like  a  trace  of  matriarchate,  or  mother^right.  It  is 
clear  from  their  folk-tales,  however,  that  these  class  divisions  were  not 
hard  and  fast,  but  that  members  of  a  lower  caste  could  by  the  per- 
formance of  certain  acts  pass  into  that  above  it.  Of  secret  societies  I 
was  unable  to  obtain  any  information  whatever,  and  whether  auch 
formerly  existed  among  the  Sk-qO'mic — of  which  I  am  extremely  doubtful — 
it  seems  impossible  now  to  say.  Among  the  chiefs  there  were  some  of 
higher  rank  than  the  others,  as  among  the  N'tlaka'pamuQ.  The  supreme 
sm'm  of  the  tribe  was  known  by  the  title  Te  K'ldpUa'non,  and  had  his 
heiidquarters  at  the  mouth  of  the  Hom'ultoison  Creek,  now  called  Capilano 
by  the  whites.  He  was  local  chief  also  of  the  HOmu'ltcison  sept.  Next 
in  rank  to  him  came  one  of  the  Skuamish  River  chiefs.  He  likewise  had 
a  proper  title,  being  known  as  Te  QdUtild'iwa.^  I  was  unable  to  learn 
what  special  signification  these  titles  lisd.  It  is  possible  we  may  see  in 
them  the  special  names  of  two  powerful  gentes.  The  gentile  system  of 
the  Sk-qo'mic,  if  such  existed,  is  not  at  all  clear.  The  distinction  between 
what  might  be  regarded  as  a  gens,  or  a  sept,  or  a  mere  tribal  division  is 
very  difficult  to  determine. 

I  could  gather  nothing  satisfactory  from  any  of  my  informants  on  this 
head.  Heraldic  and  totemic  symbols,  according  to  some  of  them,  were 
never  used  in  the  old  days  ;  but  yet  I  was  informed  by  others  that  some 
of  the  old  houses  had  carved  posts  or  columns,  and  that  the  figure  of  a 
bird  or  some  otiier  animal  would  sometimes  be  placed  on  a  pole  in  front 
of  the  house  or  fastened  to  one  t>f  the  gable  ends.  They  also,  sometbnee 
at  least,  used  masks  in  certain  of  their  dances,  if  we  may  rely  upon  the 
information  on  these  points  in  their  folk-tales.  The  tribe,  as  my  ethno- 
graphical notes  show,  was  formerly  divided  into  a  number  of  subdivisiona, 
or  ii'l-^mimtiq.  Whether  each  of  these  should  be  regarded  simply  as  » 
tribal  subdivision,  ns  among  the  N'tlaka'psmuQ,  or  as  a  gens,  as  among 
the  northern  tribes,  is  doubtful.  Each  division  had  its  own  proper  name — 
in  every  instance,  I  think,  a  geographical  one — derived  from  some  local 
physical  peculiarity,  exactly  as  among  the  N'tlaka'pamuQ.  In  every 
o'kivitmuq  there  existed  the  same  threefold  division  of  the  people  into 
three  classes,  and  in  some  instances  the  total  number  of  souls  in  each 
village  would  amount  to  several  hundreds.  Generally  speaking,  each 
community  would  be  made  up  of  several  families  or  clans.  The  members 
of  these  clans  were  not  bound  together,  as  the  gentes  of  the  northern 

'  The  dintinotlse  part  of  this  tUle  bears  a  reroarfcable  resemblanoe  to  the  esoterio 
term  by  which  one  of  tha  Kootka  deities  waa  invoked  by  the  chiefs  ot  that  tribe. 
I3r.  Boas  has  recorded  the  name  of  tliia  being-  under  the  form  Ka,'U».  The  twoforms 
RO  clearly  resemble  each  other  as  to  suggest  some  connection  between  them ;  and 
in  this  connection  I  mn;  remark  that  the  more  I  extend  my  studies  of  the  Saliah 
and  Kwakiutl-Nootks,  the  stronger  is  Ihe  conviction  forced  npon  me  that  between 
these  two  stocks  there  is  a.  deeper  nnderlyicg  racial  ccnnectioo  than  tha  Btmctnral 
differences  of  their  language  would  seem  to  indicate.  Morpholrigically  speaking, 
ibey  seem  to  have  little  in  common  ;  hut  that  little  steadily  increasiefl  with  our  latf^ 
ansijtical  knowledge  of  their  lanj^uages,  and  their  vocabalarj}  Teteinh}*DCM  af« 
nijny  an^  fer-reaobing,  ^  / 

.  .Google 
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tribes,  b^  common  totems  or  crests.  They  comprised  the  blood  relatives 
of  any  given  family  on  both  sides  of  the  house  for  six  generaUons. 
After  the  sixth  generation  the  kinship  ceases  to  hold  good  and  the 
clanship  is  broken.  Under  this  arrangement  an  individual's  relatives 
were  legion,  and  he  would  often  have  family  connection  in  a  score  or 
more  different  d'kwumvq.  Among  the  present  Sk'qo'mic  almost  all  of 
them  are  related  in  this  way  to  one  another,  and  their  cousinsMps  are 
endless  and  E>ven  perplexing  to  themselves.  Marriage  within  the  family 
of  clan  as  thus  constituted  was  prohibited,  but  members  of  difierent  clans 
in  the  same  village  could  intermarry  with  each  other.  If  each  village 
community  is  to  be  regarded  as  a  separate  gens  having  a  common  origin 
from  some  common  ancestor — which  I  think  is  extremely  doubtful — then 
marriage  among  the  Sk'qo'mic  was  not  forbidden  to  members  of  the  same 
gens.  For  my  own  part  I  am  disposed  to  regard  these  separate  communis 
ties  as  mere  subdivisions  of  the  tribe  which  were  effected  at  different 
periods  in  their  tribal  existence,  and  generally,  probably,  from  the  same 
causes  which  hare  all  over  the  worid  led  to  tho  founding  of  new  homes 
and  new  settlements,  viz.,  increase  and  stress  of  population,  The  evidence 
in  favour  of  regarding  these  divisions  as  distinct  gentes  having  each  a 
separate  origin  and  springing  from  a  separate  ancestor,  as  among  the 
northern  tribes,  is  scanty  and  doubtful.  This  view  is  strengthened  by 
the  traditional  origin  of  the  tribe,  which  makes  them  all  spring  from  a 
common  pair.  I  do  not  desire  to  be  understood  as  asserting  that  toteinio 
Rentes  did  not  formeriy  exist  among  the  Sk'qO'mic,  as  Dr.  Boas  seems  to 
Hold.  All  I  say  is  that  after  diligent  inquiry  from  several  of  the  chiefs 
and  others  I  could  myself  find  no  evidence  of  It.  I  could  not  learn  that 
any  particular  group  or  family  bore  names  peculiar  to  that  group  or 
family,  or  possessed  privileges  not  shared  by  the  others  other  than  the 
right  to  certain  dances  and  their  accompanying  songs  the  origin  and 
source  of  which  was  some  personal  dream,  or  vision,  or  experience  of  their 
own  or  their  parents.  But  the  ownership  of  these  <lanoes  differed  in  no 
way  from  the  ownership  of  a  canoe  or  any  other  piece  of  property,  and 
constituted  no  kind  of  bond  or  union  between  the  owner  of  them  and 
others  of  the  tribe  or  D'kummfiq. 

The  only  peculiar  name  that  I  could  team  other  tlian  those  of  the 
supreme  chiefs  was  that  borne  by  the  offspring  of  female  slaves  by  their 
masters.     This  was  the  term  s'tu'cem,  and  was  a  word  of  reproach. 

Polygamy  was  commonly  practised  among  the  Sk'qo'mic,  the  number 
of  a  man's  wives  being  limited  only  by  his  rank  and  wealth.  A  chief 
would  frequently  have  four  or  five  wives.  Each  wife  had  her  own 
quarters  in  the  house,  which  included  a  fire  and  a  bed  of  her  own.  A 
&vourtte  wife  would  rank  first.  She  would  be  regarded  in  consequence 
with  jealousy  and  hatred  by  the  others.  The  husband  would  sometimes 
eat  with  one,  sometimes  with  another.  Infidelity  in  wives  was  punished 
by  cutting  the  soles  of  their  feet,  or,  in  some  instances,  by  stoning  them 
to  death. 

Morliiarj  Ciuflums. 
The  burial  customs  of  the  modern  Sk'qo'mic  are  now  commonly  con- 
ducted  in  the  same  way  as  our  own,  few,  if  any,  of  the  older  ceremonies, 
which  are  discountenanced  by  the  priests,  being  observed.  In  former 
days  the  following  customs  were  universally  practised  : — When  life  had 
left  the  body  the  corpse  was  taken  oat  of  the  house  and  washed  by  soma 
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elderly  friends  of  the  family.  It  was  thea  doubled  up  and  placed  in  a 
box  coflin  before  it  had  grown  rigid.  In  the  caae  of  cbiefe  the  body  waa 
Bometimea  placed  in  a  canoe  inatead  of  a  box.  It  was  then  taken  to  the 
burial-ground  whether  it  were  day  or  night.  If  it  were  night-time 
torches  would  be  used.  The  box  containing  the  corpse  waa  then  placed 
in  a  roughly  constructed  cedar-slab  shed,  after  which  everybody  returned 
home.  The  immediate  relatives  o£  the  deceased  followed  the  corpse, 
accompanied  by  the  other  members  of  the  family  or  clan,  together  with 
all  their  friends,  and  a  band  of  special  mourners,  who  are  engaged  for  the 
ocoasion.  All  those  who  followed  the  corpse  to  the  graveyard  mnat 
paint  the  bre»ste  of  their  garments  with  red  paint.  If  this  were  not 
done  a  scarcity  of  fish  would  bo  the  result  at  the  next  salmon  run.  Tb.9 
moumers  are  of  both  sexes,  and  all  cry  aloud.  The  period  of  mourning 
lasted  generally  about  a  month.  If,  however,  the  deceased  were  very 
dear  to  the  survivors,  the  mourning  would  be  kept  up  longer.  When  a 
chief  died  the  whole  community  turned  out  to  mourn,  and  almost  every- 
body followed  the  corpse.  The  hired  mourners  are  paid  for  their  services 
with  blankets  or  skins.  If  the  friends  of  tho  deceased  are  wealthy  a 
feast  is  held  immediately  after  the  disposal  of  the  body,  and  the  moumera 
are  then  paid.  If,  however,  the  relatives  of  the  deceased  are  poor,  then 
no  feast  is  given  at  the  time,  and  the  payment  of  the  monmers  is  alao 
deferred  until  auch  occasion  as  a  sufficient  number  of  blanketa  and  akina 
has  been  collected,  and  they  are  in  a  position  to  hold  the  feaat.  It  waa 
customary  to  choose  the  occasion  of  some  big  '  potlatch '  gathering,  when 
everybody  would  be  present. 

When  the  relatives  of  the  deceased  have  returned  from  the  grave- 
yard they  barn  cedar  {Thuya gigantea)  and  aalal-berry  (GauUheria  Shallon) 
branches  and  whip  the  whole  dwelling  with  bougha,  particularly  that  part 
where  the  body  lay,  to  drive  away  the  presence  of  death,  sickness,  and 
ghosts,  all  of  which  are  supposed  to  linger  there. 

Some  three  or  four  days  after  the  burial  it  waa  not  unusual  for  the 
witches  and  wizarda  of  the  tribe  to  declare  that  the  ghost  of  the  dead  had 
returned  from  the  land  of  spirits  for  something  to  eat.  The  relatives  of 
the  deceased  are  informed,  and  they  immediately  gather  all  the  best  food 
they  can  procure,  and  take  it,  sometimes  to  Sie  burial-ground  and 
sometimes  into  the  woods,  and  spread  it  out  on  a  big  blanket  made  from 
the  wool  of  the  mountain  sheep  or  goat.  The  witches  and  medicine-men 
now  invite  the  shade  of  the  dead  to  eat.  Presently  they  assure  the 
relatives  that  the  spirit  is  satisfied.  The  food  ia  then  either  distributed 
to  the  pour  and  old,  or  else  it  is  consumed  in  a  fire  built  for  the  occasion. 

Tho  customs  to  be  observed  by  the  immediate  survivors  of  the 
deceased  diller  somewhat  according  tu  sex.  If  a  woman  had  lost  her 
husband  she  must  tout  for  one  whole  day.  At  the  close  of  the  day  a 
neighbour  would  bring  in  a  large  piece  of  dried  fish.  The  widow  must 
now  bite  four  mouthfuls  from  tliis  piece  of  fish,  while  it  is  held  in  the 
neighbour's  hands,  without  touching  it  herself  except  with  her  mouth. 
After  she  bad  eaten  her  four  mouthfuls  of  fish  she  might  partake  of  other 
food,  but  must  be  careful  to  abstain  from  eating  it  before  her  children. 
t!>hould  the  food  be  eaten  in  the  presence  oE  the  children  it  was  believed 
that  they  would  all  shortly  die,  the  act  being  regarded  aa  equivalent  to 
'  eating  up  their  life.'  This  rule  must  be  strictly  observed  for  the  ipace 
of  a  month.  For  the  aame  period  she  must  bathe  the  firat  thing  every 
morning  and  scrub  her  body  with  boughs,  after  which  ahe  must  blow  oa 
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tlie  tips  of  ber  fingers  four  times  successively  if  she  desired  to  get  stont  or 
tut,  and  if  she  w&nted  to  become  thin  she  most  suck  in  the  air  from  the 
tips  of  her  fingeis  the  same  aumber  of  times.  Another  practice  she  mnat 
observe  was  to  place  tmitiiteai'e  (spruce- boughs)  under  her  bed,  and  also 
hang  some  at  the  head  of  it. '  She  must  also  eat  her  food  off  these  boughs 
tor  at  least  a  month.  The  widow  always  accompanied  the  corpse  of  her 
husband  to  the  bnrial-place.  Her  blanket  is  painted  for  the  oocasion  with 
stre&ks  of  red  paint,  as  is  also  the  crown  of  her  head.  Excessive  weeping 
sometimes  made  her  so  weak  that  she  had  to  support  herself  with  a  staff 
(ftcdlc)  while  walking  to  and  from  the  graveyard.  The  customs  to  be 
observed  by  the  widower  were  simpler.  He  must  likewise  bathe  every 
morning  at  daybreak,  and  must  also  abstain  from  eating  before  his 
children  for  the  space  of  a  month  ;  but  his  head  was  not  painted,  only  his 
blanket ;  and  he  puts  the  teulzrlcai'e  only  at  the  head  of  his  bed,  and  not 
under  it.  Some  three  or  four  daye  after  the  burial  all  the  relatives  of  the 
deceased,  except  the  widow  or  the  widower,  must  cut  their  hair.  The 
severed  hair  is  always  carefully  collected  and  buiied.  After  the  ceremony 
of  hair-cutting  is  over  all  those  who  have  attended  the  funeral  go  in  a 
line  to  the  river  or  the  inlet,  according  to  the  iocaUty,  and  walk  down 
into  the  water  till  it  is  up  to  their  breasts  ;  then  at  a  word  they  all  dip 
together  once  and  come  out  agiun.  If  they  are  wearing  blankets  at  the 
time  they  cast  theae  aside,  but  otherwise  do  not  trouble  to  disrolm. 

It  was  customary  for  widows  and  orphans  some  time  during  the 
mortuary  rites  to  take  a  small  white  pebble  and  roll  it  in  their  months 
four  times.     This  was  supposed  to  prevent  the  teeth  from  decaying. 

Sir/. A  Ciatonu. 
It  was  customary  among  the  Sk'qo'mic  women  to  retire  to  the  woods 
when  they  were  about  to  give  birth  to  their  children.  Usually  a  woman 
went  quite  alone  or  aocompanietl  only  by  her  husband.  Midwives  were 
called  in  for  the  first  child,  but  afterwards  only  in  cases  of  difliculty  or 
■when  the  labour  was  unduly  prolonged.  Usually  the  woman  would  fulfil 
her  daily  duties  to  within  an  hour  of  the  child's  birth,  and  be  ready  to 
take  them  up  aeain  a  few  hours  afterwards.  In  the  case  of  first  children 
parents  of  standing  would  engage  three  or  four  midwives  or  experienced 
women  for  the  occasion.  Each  had  her  own  special  duties  to  perform. 
These  were  .prescribed  by  long- established  custom.  It  was  the  office  of 
one  to  sever  the  umbilical  cord  and  dispose  of  the  after-birth  ;  of  another 
to  watch  and  care  for  the  baby  ;  imd  of  another  to  '  cook  the  milk  '  and 
generally  look  after  the  mother.  They  were  paid  for  their  services  im- 
mediately after  the  event  by  the  husband  with  gifts  of  blankcty.  Tliis 
honorarium  was  albo  prescribed  by  usage,  the  number  of  blankets  given  on 
the  occasion  depending  on  the  husband's  social  position.  Immediately 
after  the  birth  of  the  child  it  is  washed  all  o\er  in  cold  water  and  then 
wrapped  in  the  softest  s/o'ivi  (inner  bark  of  the  cedar — Thui/a  gi'jantea— 
beaten  till  soft  and  fine)  and  placed  in  a  cradle  of  cedat'-wood.  This 
cradle  was  constructed  in  the  following  manner  : — A  piece  of  cedar^wonxl 
about  thirty  inches  long  and  ten  or  twelve  inches  wide,  was  first  taken  ; 
a  second,  and  shorter,  but  considerably  broader,  piece  was  then  bent  over 
this  in  the  form  of  an  arch,  and  fastened  in  this  position  to  the  longitudi- 
nal edges  of  the  other,  thus  forming  a  kind  of  pocket.     The  lower  piece, 

'  The  object  of  this  was  to  preserve  her  from  ber  buaband's  sickneu.    ,  i 
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or  bed  of  the  cradle,  extended  about  four  inches  beTond  the  other  at  the 
foot,  and  about  six  inches  at  the  head.  The  extension  at  the  foot  was 
bent  upwards  till  it  reached  an  angle  of  thirty  or  forty  degrees,  and 
fastened  in  this  position  to  the  upper  piece  by  lacing.  This  formed  a  kind 
of  footboard  the  object  of  which  was  to  keep  the  l>aby  from  slipping 
down  out  of  the  cradle  and  allow  at  the  same  time  the  liquids  to  escape. 
The  head  of  the  cradle  was  left  open.  The  child  passed  the  lirst  year  of 
its  life  in  this  receptacle,  never  leaving  it  except  to  be  washed  twice  daily. 
It  was  both  fed  and  dandled  in  its  ciadle.  If  the  mother  had  outside 
work  to  do,  the  cradle  was  usually  slung  to  her  shoulder  or  to  a  swing-pole. 
In  carrying  it  the  weight  was  borne  on  the  hip.  It  was  during  this 
cradle  existence  of  the  child  that  the  cranial  deformation  formerly  practised 
by  this  tribe  took  place.  This  was  effected  by  frontal  pressure,  pads  or 
bands  of  slu'wi  being  tied  across  the  anterior  part  of  the  cranium  and  held 
therebythongsfastened  to  the  bottom  of  the  cradle.  A  pad  was  also  tied 
across  the  top  of  the  head  about  the  line  of  the  coronal  suture  to  prevent 
the  head  from  rising  to  a  ridge  here,  as  was  common  among  the  Sieiatl 
tribe,  the  Sk-qo'mic  regarding  this  as  ugly  and  unsightly.  The  immediate 
effect  of  this  pressure  was  threefold.  It  caused  a  flattening  of  the  occi- 
pital region  by  contact  with  the  cradle-board  ;  it  gave  a  peculiarly  receding 
sweep  to  the  frontal  bone,  a  line  of  beauty  in  Sk'qS'mic  eyes ;  and  it  pro- 
duced a  compensatory  bulge  of  the  head  laterally  ;  the  general  effect  of 
all  which  was  to  make  the  head  appear  abnormally  short  and  the  face 
unusually  broad.  This  practice  of  cranial  deformation  has  now,  I  beheve, 
been  wholly  given  up  by  the  Sk-qo'mic,  though  the  infant  still  passes  the 
greater  part  of  the  first  year  of  its  existence  in  a  cradle  as  formerly.  On 
one  of  my  visits  to  the  Sk-qo'mic  I  observed  an  Indian  mother  nursing 
her  baby  in  a  rush-made  cradle  with  open  top.  This,  I  was  informed, 
was  the  style  now  commonly  used.  Should  the  birth  take  place  in  the 
winter,  or  when  it  was  not  convenient  for  the  mother  to  retire  to  the 
woods,  a  temporary  screen  of  reed  mats  would  be  put  up  in  the  general 
dwelling,  behind  which  the  woman  would  give  birth  to  her  child.  A  very 
peculiar  custom  obtained  among  the  Sk-qu'mic  in  the  cose  of  6rst-boni 
children.  The  mother  might  not  feed  the  child  from  the  breast  for 
four  days.  Her  breasts  must  iirst  be  steamed  with  a  decoction  of  the  rind 
of  the  elderberry  {Sambuciis  racemota),  and  then  covered  with  poultices 
of  the  same  material.  This  was  kept  up  for  four  days,  its  object  being  to 
'  cook  '  the  mother's  milk.  The  process,  called  in  the  Sk-qO'mic  um.'Ulnoa\ 
)Hli7i!w«rt— '  cooking  the  breast,'  was  sometimes  repeated  at  the  birth  o£ 
the  second  child,  only  on  this  occasion  the  infant  was  not  deprived  of  the 
breast.  It  was  thought  that  the  mother's  milk  was  harmful  to  the  child 
before  the  fourth  day  and  before  it  had  been  '  cooked.'  This  strange 
custom  amongst  others  may  perhaps  have  had  something  to  do  with  the 
high  denth-mte  among  the  oId*tiiue  children.  In  earlier  days,  before 
contact  with  the  whites,  it  was  nut  at  all  uncommon  for  a  mother  to  give 
birth  to  a  dozen  children ;  but  there  were  few  households  which  contained 
a  family  of  children  of  more  than  half  of  that  number.  It  is  trae  female 
children  were  commonly  strangled  at  birth  if  there  were  too  many  girls 
in  the  family.  This  unnatural  practice  was  effected  by  the  parents  them- 
selves— usually  by  the  mother — by  stopping  the  nostrils  and  placing  a  gag 
of  dO'fui  in  the  child's  mouth.  My  informant  was  herself  doomed  to  this 
fate  at  her  birth,  and  was  only  spared  at  the  earnest  solicitations  of  an 
elder  sister.  -  . 

Coogic 
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After  the  birth  of  the  child,  when  the  woman  had  passed  the  after- 
birth, she  was  taken  or  went  down  to  the  river  or  inlet  and  bathed  in  the 
icy-cold  water,  no  matter  what  time  of  year  or  what  kind  of  weather  it 
was.  My  infonnant  stated  that  she  had  been  thus  taken  to  the  river  and 
washed  ail  over  after  the  birth  of  her  lirst  child  in  the  month  of  January, 
when  the  water  was  covered  with  ice  and  the  ground  with  snow.  Abiu- 
tive  ceremonies  played  a  very  important  part  in  the  lives  of  the  old-time 
Sk'qO'mic,  as  we  may  easily  gather  from  tlieir  old  customs.  Men,  wonien, 
and  children  bathed  constantly.  Among  the  young  men  it  formed  an 
important  feature  in  their  training.  Each  sex  had  its  own  special  bathing 
place,  men  and  women,  or  boys  and  girls,  after  childhood  never  bathing 
together. 

The  birth  of  twins  was  a  very  special  event,  twins  always  possessinjf, 
it  was  believed,  supernormal  powers,  the  commonest  of  which  was  control 
of  tho  wind.  It  would  seem  that  the  birth  of  twins  was  usually  presaged 
by  dreams  on  the  part  of  both  parents.  In  these  dreams  minute  instruc' 
tions  would  be  given  to  the  parents  as  to  the  course  they  must  pursue  in 
the  care  and  up-bringing  of  the  children.  These  they  must  follow  im- 
plicitly in  every  particular.  If  they  were  neglected  it  was  thought  and 
believed  that  the  twins  would  die.  If  the  event  took  place  in  winter  a 
fire  most  be  built  in  the  woods,  but  tho  husband  must  on  no  account 
touch  or  have  anytliing  to  do  with  it.'  Immediately  after  the  birth 
both  husband  and  wife  must  bathe  in  cold  water,  using  the  tips  of  spruce, 
fir,  and  cedar  branches  to  scrub  themselves  with.  After  this  they  must 
remain  in  seclusion,  apart  from  the  rest  of  the  tribe,  for  a  month.  Any 
breach  of  this  rule  was  regarded  as  a  grave  ofience,  which  was  bound  t^ 
bring  severe  punishment  upon  the  offenders.  The  hair  of  twins  was  sup- 
posed never  to  be  cut.  If  for  any  reason  this  rule  was  departed  from, 
great  care  had  to  be  taken  to  bury  all  that  had  been  cut  off.  N'eglect  of 
this,  it  was  believed,  would  bring  about  a  severe  winter.  Throughout  the 
whole  childhood  of  the  twins  the  greatest  care  had  to  be  taken  of  them. 
If  at  any  time  wind  was  desired  for  sailing,  the  bodies  of  the  twins  would 
be  rubbed  with  oil  or  grease,  after  which,  it  is  said,  the  wind  would  im- 
mediately rise.  The  ttai'anuk,  a  kind  of  small  hsh  which  I  was  unable  to 
identify,  and  which  periodically  visits  the  Skqo'mic  River  in  large 
numbf:rs,  are  said  to  be  descended  from  a  pair  of  twins  (see  the  story 
of  the  origin  of  the  tsai'anuk  below,  under  '  Folk-lore  '). 

When  a  woman  desired  to  give  birth  to  a  son  she  would  place  during 
her  pregnancy  a  bow  and  arrows  under  lier  bed.  If  a  daughter  were 
desired  a  needle  and  some  of  the  utensils  used  in  weaving  would  take  the 
place  of  the  bow  and  arrows.  Another  custom  to  ensure  the  same  end  waa 
for  the  woman  to  chew,  in  the  early  days  of  her  pregnancy,  the  leaves  of 
certain  kinds  of  willow  and  other  uirubs.  These  leaves  were  distinguished 
as  '  male  '  and  '  female '  leaves. 

Cuatotm  practiBfd  to  prevent  Pregnancy. 
When  a  woman  desired  to  bear  no  more  children  she  adopted  one  or 
more  of  the  following  practices.     She  would  get  out  of  bed  immediately 
after  giving  birth  to  her  child  and  stand  for  some  time  up  to  her  arm- 

fiits  in  the  icy  cold  water  of  the  inlot,  or  river,  or  sound,  according  to  her 
ocality  ;  or  she  would  bury  the  after-birth  on  the  beach  at  ebb-tide  just 
'  If  the  tKuband  built  the  fire  a  very  oold  period  would  follon-. 
J900,  y  Ht^lc 
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the  line  of  land  and  water.  Another  practice  was  to  hang  the  afteor- 
birth  on  the  branch  of  a  tree  and  keep  it  there  for  a  twelvemonth.  Still 
another  was  to  turn  round  three  times  and  kick  the  after-birth  before  it 
was  disposed  of.  Uaually  the  mode  of  disposing  of  the  after-birth  wai 
b;  burying  it  secretly  in  che  ground.  Among  the  Sk-qO'inic  it  was  never 
burned,  as  among  some  tribes.  Ic  was  believed  that  the  mother  would 
'swell  up'  and  die  if  the  after-birth  were  burned.  It  is  said  that  a 
woman  once  destroyed  the  after-birth  in  this  manner  with  thiB  melan- 
choly result ;  hence  its  disposal  in  this  way  was  ever  afterwaidB  moat 
carefully  avoided. 

Marriage  Ciatomi. 

Formerly,  when  a  young  man  took  a  fancy  to  a  girl  and  desired  to 
make  her  his  wife,  the  custom  was  for  him  to  go  to  the  house  of  the  girl's 
parents  and  squat  down  with  his  blanket  wrapped  about  him  just  inside 
the  door.  Here  he  was  supposed  to  remain  for  four  days  and  nights 
without  eating  or  drinking.  During  this  period  no  one  of  the  girl's 
family  takes  the  slightest  notice  of  him.  The  only  difference  his  presence 
makes  in  the  boose  is  to  cause  the  parents  to  keep  a  bright  fire  burning 
all  night.  This  is  done  that  they  may  readily  perceive  that  he  takes  no 
advantage  of  his  proximity  to  the  girl  to  make  love  to  her  or  otherwise 
molest  her  during  the  night.  On  the  fourth  day,  if  the  suitor  is  accept- 
able to  the  parents,  the  mother  of  the  girl  asks  some  neighbour  to 
acquaint  the  youth  that  they  are  willing  to  accept  him  as  their  son-ia- 
law,  and  give  him  the  girl.  To  himself  they  still  say  nothing,  nor  in  any 
way  take  the  slightest  notice  of  him  ;  and  as  no  communication  of  any 
kind  can  take  place  between  the  girl's  people  and  the  young  man  at  this 
stage  of  the  proceedings,  this  neighbour  now  cooks  a  meal  for  the  fasting 
lover  and  informs  him  at  the  same  time  that  his  suit  is  aooeptable  to  the 
family,  and  that  the  girl  will  be  given  to  him  in  the  usual  way. 

After  the  young  man's  acceptance  by  the  girl's  parents  in  the  manner 
described  the  youth  would  then  return  home,  and  in  a  few  days  come 
back  for  his  bride,  accompanied  by  all  his  friends  and  relatives.  If 
he  were  just  an  ordinary  young  man  of  the  tribe,  of  no  particular 
standing,  he  would  bring  with  him  one  canoe-load  of  blankets  ;  but  if  be 
were  a  person  of  rank,  such  as  a  chief's  son,  he  would  bring  two  canoe- 
loads  of  blankets  with  him.  These  be  would  distribute  to  the  bride's 
relatives.  He  and  his  friends  are  now  entertained  for  the  rest  of  the  day 
by  hia  prospective  father-in-law,  and  accommodation  is  afforded  them  for 
^e  night,  the  inmates  of  the  house  sleeping  on  one  side  of  the  building 
and  the  visitors  on  the  other.  On  the  following  morning,  after  a  good 
meal  has  been  indulged  in,  all  go  down  to  the  beach  to  where  the  bride- 
groom's canoe  is  moored,  the  parents  of  the  bride  taking  with  them  a 
number  of  blankets,  which  they  put  in  the  canoe.  If  the  bride  is  a  person 
of  rank  the  whole  course  from  the  house  to  the  beach  is  covered  with  a 
line  of  blankets  for  her  to  we^lk  upon,  and  two  old  women,  as  maids-of- 
honour,  lead  her  down  to  the  canoe.  The  bride  is  dressed  for  the  occasion 
in  all  the  bravery  of  bright -colon  red  blankets  and  what  other  ornaments 
she  may  possess.  Over  her  head,  completely  enveloping  her,  a  blanket 
is  thrown  as  a  kind  of  bridal  veil.  Behind  her  come  the  female  slaves  of 
her  father's  household,  canying  all  her  personal  belongings,  such  as  mats, 
baskets,  blankets,  wooden  platters,  spoons,  iK.  The  bridesmaids  now 
place  the  bride  in  the  bow  of  the  cailM)  afUr  which  atiquett*  demanda 
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that  ths  bridegroom  shall  reward  them  for  thor  services  by  a  gift  of  one 
or  more  blankets  each.  When  this  has  been  done  the  parties  separate, 
the  girl's  family  aad  friends  going  back  to  Uie  village,  and  the  yoath  wiiii 
his  bride  and  friends  returning  home.  If  the  girl  were  the  dknghter  of 
ordinary  parents  she  would  have  to  dispense  with  some  of  these  cere- 
monies, sach  OS  the  walking  on  blankets,  iao.  Some  days  later  the  bride 
and  bridegroom  and  his  friends  return  to  the  bride's  old  home,  where  a 
feast  is  held.  After  the  feast  ia  over  they  separate  again,  and  some  time 
later  the  girl's  parents  and  friends  pay  a  return  visit  to  her  husband's 
home,  bringing  with  them  blankets  and  other  presents  equal  in  number 
and  value  to  those  bestowed  npon  themselves.  Ilieae  are  distributed  to  the 
son-in-law  and  his  friends,  after  which  all  partake  of  a  second  feast,  which 
eloses  the  marriage  ceremonies,  and  thereafter  the  girl  and  youth  are 
regarded  by  all  as  man  and  wife. 

Sometimes  the  anitor  is  not  acceptable  to  the  girl's  parents,  and  after 
a  family  council  has  been  held  he  is  rejected.  A  friendly  neighbour  is 
called  in  as  before  to  act  as  intermediary  and  convey  to  him  the  decision 
of  the  parents,  only  on  this  occaaion  she  provides  no  meal  for  him.  If 
the  youth  has  set  his  heart  on  the  girl  he  will  now  try  and  induce  her  to 
elope  with  him.  If  she  refuses  to  do  this,  he  has  perforce  to  give  her  up 
and  seek  a  wife  elsewhere.  If,  however,  she  consents,  he  seizes  the  first 
opportunity  that  ofiers  and  carries  her  off  to  the  woods  with  him,  where 
they  remain  together  for  several  days.  If  the  objection  to  the  young  man  on 
the  part  of  the  girl's  parents  is  not  deep-rooted,  he  is  now  permitted  to  keep 
the  girl  as  his  wife  on  payment  to  them  of  a  certain  number  of  blankets. 
If,  however,  they  object  even  now  to  have  him  as  a  son-iu'law,  they  take 
the  girl  from  him,  and  it  is  understood  on  both  sides  that  he  is  to  trouble 
her  or  them  no  further. 

With  r^ard  to  the  suitor's  fast  of  four  days  and  nights  I  questioned 
my  informant  whether  the  old-time  youths  of  the  tribe  really  and  truly 
abstained  from  food  and  drink  on  these  occasions.  He  assured  me  th^ 
undoubtedly  did,  and  that  it  was  a  matter  of  honour  with  them  to  eat  or 
drink  nothing  during  the  whole  period,  the  significance  of  their  absti- 
nence being  that  they  were  now  men,  and  could  readily  endure  the  hard- 
ships and  privations  incident  to  manhood.  Apropos  of  this  custom  he 
related  to  me  an  instance  of  what  befell  a  certain  luckless  youth  who 
sought  surreptitiously  to  break  his  fast.  The  family  of  the  girl  whom 
he  sought  to  take  an  wife  had  all  gone  out  on  the  third  day,  leaving  him 
squatting  in  his  place  by  the  door.  They  had  gone  across  the  inlet  to 
pay  a  visit  to  a  village  on  the  other  side.  The  absence  of  the  whole 
family  tempted  the  famishing  youth  to  take  advantage  of  his  temporary 
opportunities  to  satisfy  the  cravings  of  his  stomach.  So  he  left  bis  post 
and  ran  down  to  the  beach  and  hastily  dug  up  some  clams.  As  he  was 
in  the  act  of  eating  these  a  little  girl  told  him  that  the  family  was 
returning  on  the  water.  In  Li^  b?8te  to  eat  the  clams  he  had  prepared 
he  swallowed  one  whole,  and  it  stuck  in  his  throat  and  choked  him  so 
that  he  died.  His  melancholy  end  was  regarded  by  everybody  as  richly 
deaerred,  aad  his  fate  was  held  up  thereat.'  as  a  warning  to  succeeding 
generations  of  young  men. 

These  customs  are  no  longer  kept  up  among  the  great  body  of  the 
Sk'qO'mic.  Marriages  among  them  a,i[«  now  conducted  very  much  after 
l^e  manner  of  the  whites  and  solemnised  by  the  prisst.  A  few  of  the 
faestliea  Sk-qiVmie,  who  still  hold  bgr  their  9^  tribal  fluitoms,  oontlnue  to 
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marry  their  daughters  in  this  w&j  ;  but  these  arci  few  in  number,  and, 
generaUy  speaking,  the  marriage  customs  as  here  described  are  only  a 
tradition  in  the  tribe. 

A'amiiig. 

A  child  usually  received  no  name  in  babyhood,  bat  when  about  three 
years  old  the  elders  of  the  child's  family  or  clan  would  choose  a  name  for 
it  from  among  those  of  its  ancestors.  This  name  it  would  bear  through 
life  if  a  girl,  but  if  a  boy,  and  the  son  of  some  person  of  rank  and  wealth, 
some  years  later  his  parents  would  give  a  '  potlatch,'  and  then  he  would 
receive  a  new  name.  This  was  quite  commonly  that  of  his  own  father  or 
of  his  paternal  grandfather,  whether  they  were  alive  or  dead. 

The  names  of  dead  people  were  tabooed.  That  is  to  say,  it  was  a 
breach  of  custom  and  good  manners  to  mention  the  name  of  a  dead  person 
in  the  presence  of  the  deceased's  relatives  or  connections.  This  custom 
gave  rise  to  inconvenience  at  times.  It  was  quite  common  for  men  to  be 
called  by  the  name  of  some  implement  or  utensil.  An  individual  once 
bore  the  name  of  Sk'u'mBl  ^  'paddle.'  When  he  died,  as  they  might 
not  use  this  term  before  his  relatives,  they  had  to  make  use  of  the  term 
qaullitims  when  they  wished  to  say  '  paddle.'  I  did  not  get  the  significa- 
tion of  this  new  term.  Another  person  bore  the  name  iSYu^'csn^' moccasin.' 
When  he  died  a  new  word  had  to  be  coined,  and  to-day  both  terms  are 
in  common  use  for  moccasin. 

The  stories  give  us  examples  of  the  names  used  formerly.  I  append  a 
few  specimens  of  these  here  : — 

Tcla'tmaq  =  owl.  Cs.uk' -^  skull. 

Qoitclta'l.  Sheila  =  copper. 

A'teaian.  (Juk^nklaklo'a. 

Sia'tlmEQ  -  rain-man.  Tfitke'tsBn. 
ToulQ. 

Pii/ierft/  Ciiftoma, 
When  a  girl  arrived  at  puberty  she  would  call  her  mother's  attention 
to  her  condition.  The  mother  at  once  informed  the  father,  who  calls  the 
family  and  relatives  together.  Tbey  discuss  the  matter  and  arrange 
what  course  the  girl  is  to  follow.*  First  of  all  they  take  two  strands  of 
the  wool  of  the  mountain  sheep  or  goat  and  tie  them  to  her  hair,  one  on 
each  side  of  her  forehead.  This  is  a  public  notification  of  the  girl's  con- 
dition, which  everybody  understands.  She  is  now  set  to  '  pull '  wool  or 
hair  without  food  or  drink  for  the  space  of  four  days.  She  was  kept 
without  water  during  this  period,  because  it  was  believed  that  if  she 
drank  water  when  in  this  condition  she  would  spoil  her  teeth.  She  must 
abstain  from  washing  or  bathing,  and  must  never  go  near  the  fire  during 
the  four  days.*  When  in  this  condition  her  mothrr,  or  granSiBother,  or 
some  other  woman  would  puU  out  all  tie  ■:?r,:^ular  hairs  from  the  etTgeS 
of  her  eyebrows  so  as  to  make  them-Hne  and  even.  The  denuded  parts 
were  always  rubbed  with  the  giry^  saliva  to  prevent  the  hairs  growing 
again.  When  the  four  days  y,'^^  up  some  old  women  would  take  her  in 
hand,  and  bathe  her  head  and  body  in  hot  water,  and  scrub  her  with 

a  gtils  neceBSftiLl;  followed  tite 
M  her  sUn  would 

.Google 
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branches  till  her  skiit  waa  almost  torn  off  and  her  body  vas  sore  and 
covered  from  head  to  foot  with  scratches  from  the  severe  treatment  she 
hod  received.  The  prickly  bramblea  of  the  trailing  blackberry  {Jtubustp.) 
were  often  employed  for  this  purpose,  and  my  informant  toid  me  that  it 
was  no  uncomnion  thing  for  a  girl  to  toss  and  tnm  in  agony  the  night 
following  this  bath,  unable  to  close  her  eyes  in  sleep  for  the  pain  and 
smarting  of  her  body. 

If  she  were  the  daughter  of  a  chief  or  a  noble  she  would  be  bathed  by 
the  sQom'tEnoT  »iw  (m^icine  man  or  woman).  These  would  be  paid  for 
their  eervices  with  gift^  of  blankets  or  skins. 

The  object  of  these  heroic  measures  was  to  moke  the  girl '  bright  and 
smart.'  After  the  bath  she  was  given  food  and  drink  and  permitted  to 
come  to  the  fire.  Sometimes  a  friend  of  the  family  would  mark  the 
occasion  by  putting  a  nice  new  blanket  over  the  girl's  shoulders.  After 
her  meal  her  face  would  be  painted  with  streaks  of  red  point,  and  the 
girl  would  then  go  to  the  forest  and  pull  down  the  branches  of  all  the 
cedar  and  spruce  trees  she  passed  and  rub  her  face  and  body  with  their 
tips,  and  then  let  them  spring  up  again.  The  object  of  this  practice  was 
to  make  her  charming  and  attractive  In  the  eyes  of  men.  She  would  also 
take  a  quantity  of  fern-roots  of  the  edible  kind  (Fteris  aquilina)  and 
offer  them  to  the  biggest  trees  she  could  find.  This  was  supposed  to  give 
her  a  generous  nature  and  keep  her  from  becoming  stingy  and  mean. 

After  a  girl  had  arrived  at  puberty  she  was  never  allowed  to  play  or 
mingle  with  the  boys.  She  was  kept  indoors  at  work  all  day  long.  The 
lot  of  a  girl  among  the  SkqO'mic  in  the  olden  days  does  not  appear  to 
have  been  an  enviable  one. 

A  girl  or  woman  during  her  monthly  periods  was  '  bod  medicine  ; ' 
that  is,  she  was  supposed  to  carry  ill-luck  with  her.  If  she  entered  a 
sick-room  the  invalid  was  sure  to  get  worse  ;  and  if  she  crossed  the  path 
of  a  hunter  or  a  fisher  he  would  get  no  luck  that  trip. 

When  people  were  sick  they  were  rubbed  with  dog-fish  oil. 

When  the  screech-owl  (cai'ti)  was  beard  hooting  around  a  house  it 
was  regarded  as  a  sure  sign  that  some  of  the  inmates  would  shortly  die. 
Cai'it  signifies  'ghost,'  or  'shade.' 

Direlliiii/». 
The  dwellings  of  the  old  Sk'qu'mic  were  of  the  communal  kind, 
whether  they  were  the  ordinary  slab  and  cedar-board  structure  or  whether 
they  were  the  winter  keekwilee- house.  As  far  as  I  have  been  able  to 
gather,  only  the  upper  tribes  on  the  Sk-qO'mio  Kiver  used  the  gk-^imi'n,  or 
keekwilee  •house.  That  this  structure  was  known  to  them  is  clear  from 
the  name  of  one  of  their  villages,  which  signifies  in  English  'keekwilee- 
house.'  The  lower  tribes  commonly  used  the  cedar  structure  all  the  year 
round.  Each  village  contained  one  and  sonietimes  two  of  these  plac»l  at 
right  angles  to  one  another,  or  in  parallel  lines  according  to  the  local 
pecuharities  of  the  village  site.  Some  of  them,  in  the  more  populous 
villages,  were  of  enormous  length,  extending  in  an  unbroken  line  for 
upwards  of  600  feet.  Houses  uf  two  or  three  hundred  feet  in 
length  were  very  ordinary  dwellings.  In  width  they  varied  from  20 
to  40  feet  The  walls,  too,  were  of  variable  height,  ranging  from  8  to 
1.^  feet  when  the  roofs  were  gabled.  If  the  roof  contained  but  one  slope, 
then  the  higher  aide  would  rise  to  28  or  even  30  feet.  Both  sides  and 
roof  were  built  of  cedar  boards  or  slabs  split  with  hammer  and  wedges 
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from  the  oedor  tnmk.  The  cedar  {Thuya  gigaiUea)  of  British  Colambia 
lends  itself  readily  to  operations  of  tlus  kind,  and  the  task  is  not  as 
difficult  as  might  be  imagined.  The  white  settlers  almost  ereiywhere 
build  their  houses,  stables,  fences,  and  bams  of  cedar  split  by  themselTee 
in  this  way.  I  have  seen  boards  split  out  as  smooth  and  uniform  as  if 
they  had  been  cut  out  with  a  saw  and  planed.  la  the  native  dwellings 
the  boards  were  held  in  place  by  withes  or  ropes  made  {rom  young  cedars 
or  from  the  branches  of  older  ones.  There  were  no  windows  in  these 
buildings  ;  sunlight  and  air  came  in  through  the  doors  or  by  the  roo^  a 
part  of  which  was  pulled  down  a  few  feet  to  let  the  smoke  out  and  the 
air  and  light  in  during  the  day  in  fine  weather.  These  structures  are 
open  from  end  to  end  without  partitions  or  divisions  of  any  kind.  The 
chief  quite  commonly  occupied  the  centre  of  the  dwelling.  Next  to  him, 
on  either  side,  came  hie  brothers  and  other  notabilities,  and  beyond  these 
the  baser  folk.  Each  family  had  its  own  allotted  space  at  the  side  of  tlie 
dwelling  and  its  own  fire.  This  space  was  commonly  just  ample  enough 
to  allow  of  the  beds  of  the  family  being  arranged  around  three  sides  of  a 
square  with   an   open   front  towards  the  fire  and   centre  of  the  room 

thosl  I.  The  bed  was  raised  by  a  kind  of  platform  or  bed-stand  about 

two  feet  from  the  sround.  In  the  space  beneath  were  stored  roots 
and  such-like  commodities.  Above  and  over  the  beds  shelres  were  hang. 
On  these  were  stored  the  dried  fish  and  utensils  of  the  family.  If  the 
family  w«re  one  of  position  and  wealth,  several  large  cedar  boxes  would 
be  found  lying  about.  These  would  contain  the  blankets  and  skins  and 
other  valuables  of  the  owners.  To  separate  the  beds  of  one  family  from 
another,  hanging  curtains  of  graRs  and  reeds  were  suspended  on  either 
side,  but  the  front  was  left  open.  The  beds  of  the  SkqO'mic  consisted  of 
reed  mats  and  slo'vn,  i.e.,  the  inner  bark  of  the  cedar  beaten  till  fine  and 
soft.  Bolls  of  the  same  material  formed  their  pillows.  Their  coverings 
were,  for  the  poorer  class,  mats  of  the  same  materials.  For  the  wealthy 
these  were  supplemented  by  mouotaiu-goat  blankets  and  dressed  deer- 
skins. The  Sk-qii'mic  husband  and  wife  did  not  sleep  side  by  side,  but 
feet  to  feet.  If  the  bed  space  was  confined  the  feet  of  one  would  reach 
to  the  head  of  the  other;  but  usually  this  was  not  the  case,  plenty  of 
room  being  allowed. 

In  winter  it  was  customary  to  keep  the  fires  burning  all  night,  large 
logs  being  placed  upon  them  for  the  purpose.  Oa  the  occasion  of  feasts 
and  dances  the  hanging  mats  about  the  beds  would  all  be  taken  down, 
the  beds  themselves  serving  for  seats  or  platforms  for  the  drummers  and 
spectators. 

Houtekiild  Uttwilii. 

The  Sk'qo'mic  housekeeper  possessed  cooking  pots  of  both  cedar  and 
basketry.  Food  was  served  in  large  shallow  cedar  troughs  or  dishes. 
Smaller  platters  of  the  same  material  were  also  in  use,  likewise  spoons, 
though  these  were  also  made  of  horn.  When  eating  they  sat  on  mats  or 
squatted  on  their  haunches.  Of  baskets  they  had  a  great  variety.  Some 
of  these  were  made  from  the  split  roots  of  young  cedar,  spruce,  or  fir  trees, 
others  from  the  bark  of  the  alder  and  birch. 
Dreu. 

The  dress  of  the  Sk'qd'mic  in  pne-trading  days  did  not  diSbr  mat«ially 
from  that  ot  other  tribee  of  this  region,    ^e  men  commonly  wore  high 
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l^gingB  ftnd  vaut-oloth.  Over  their  ahoolders,  when  they  were  not 
actively  engaged,  they  wore,  toga-fashion,  a  native  blanket.  The  women 
of  the  nobler  class  wore  a  dressed  deer-skin  shroud  or  smock,  which 
reached  from  the  shoulders  to  below  their  knees ;  inferior  women  wore 
only  short  petticoats  of  woven  slo'wi.  Moccaaina  were  worn  at  times  by 
both  sexes.  The  women  sometimes  covered  their  heads  with  a  plaited 
oonico!  hat  with  broad  sloping  brim.  This  served  also  as  a  receptacle  for 
berries  and  other  snisll  ihings  if  no  basket  were  at  hand.  The  exterior  of 
these  hats  was  commonly  figured  in  red  and  black  paints  or  dyes.  Some 
of  the  older  women  may  still  he  occasionally  seen  wearing  them,  but  they 
have  gone  ont  of  use  generally. 

Tattooing  and  Fainting, 

In  earlier  days  the  men  used  to  paint  themselves  for  dancing  and  other 

ceremonies.     I  could  not  learn  that  the  men  ever  tattooed  their  bodies. 

A  favourite  decoration  was  that  effected  by  sprinkling  particles  of  mica 

over  their  faces  and  bodies  npon  a  groundwork  of  grease.     This  gave 

MarkiDgs  on  ilglit  arm  above  back  of  the  band. 


Culoai  bias. 

Markings  on  left  arm  above  back  of  the  band. 


+  + 


their  bodies  a  glistening  appearance.  They  obtained  the  mica  for  this 
purpose  from  disintegrated  granite.  Tlie  women  commonly  employed  a 
kiod  of  red  clay  for  facial  decoration.  This  they  smeared  over  their 
cheeks,  chins,  and  foreheads.  When  confined  only  to  the  cheeks  and  not 
too  lavishly  put  on  the  effect  was  not  displeasing  to  the  eye.  It  gave 
them  a  ruddy,  comely  appearance.  The  old  women  of  pagan  habits  still 
decorate  themselves  in  this  way.  The  women  were  accustomed  to  tattoo 
themselves  on  the  arm  or  wrist  and  lower  leg.  The  markings  were 
always  simple  and  generally  crude,  bearing  no  resemblance  whatever  to 
the  elaborate  and  fanciful  designs  of  the  Haida  and  other  northern 
Indians.  A  oopy  of  the  markings  on  the  arms  of  one  of  my  informants, 
ia  given  above.  ^ 

Game*.  •  of 

The  Sk-qi/mic  had  a  variety  of  games.     I  obtained  some  informa**^y 
on  some  of  these.     The  commonest  and  most  popular  were  the  ball  gr^^'™* 
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Of  these  they  had  two  called  k-e'k-qva  aad  tcqui'la.  The  former  was  A 
kind  of  lacrosse,  and  the  ball  was  caught  and  thrown  with  an  iostrument 
■imilor  to  the  lacrosse  stick.  The  other  was  a  kind  of  football.  They 
played  also  a  game  called  Ickicle'.  This  waa  a  kind  of  shuttlecock  and 
Dattledore,  and  a  favourite  pastifae  o£  the  girls.  They  were  acquainted 
also  with  'qmiwi'lts,'  or  the  '  cat's-cradle '  game.  But  dancing  and 
dramatic  impersonations  of  animals  were  their  favourite  pastimes,  and 
these  played  an  important  part  in  the  tribal  festivities  ia  earlier  days. 

Da-accs. 

The  Skqo'mic  had  three  kinds  of  dances,  called  respectively  me'tla, 
kO'itoks,  and  skaip.  The  first  was  the  common  dance,  whiuh  any  one 
could  perform  ;  the  second  waB  characterised  by  spasmodic  shakings  of 
the  head  on  the  part  of  the  dancer  ;  the  third  liad  for  its  distinguishing 
feature  a  shaking  or  violent  trembling  of  the  hand,  which  was  held  aloft 
in  the  air  during  the  dance.  In  this  dance  the  dancer  spits  much  bloo<l, 
or  somethinij  which  has  the  appearance  of  blood.  I  have  not  myself 
seen  a  dance  of  this  kind,  so  cannot  say  whether  it  is  really  blood  or  not. 
As  they  appear  to  be  none  the  worse  after  the  dancing  is  over  they  pro- 
bably do  not  spit  blood.  When  dancing  they  invariably  sing.  These 
dance-songs  are  private  property.  No  onu  can  use  another  person's  song 
unless  permission  has  been  given,  or  unless  it  belongs  jointly  to  more 
than  one  person.  These  dance-songs  are  acquired  by  inheritance  or  they 
are  learnt  in  dreains.  Dreams  or  visions  are  the  original  source  of  all 
their  dances.  A  person  dreams  of  a  certain  dance,  and  on  the  next 
occasion  introduces  it.  Not  every  one  is  a  dancer  ;  only  those  who  are 
by  mental  temperament  fitted  for  the  part  ever  become  noted  dancers. 
The  reason  of  tiiia  is  simple.  A  dancer  during  the  performance  of  his 
dance  is  not  in  a  normal  condition  of  mind.  He  or  she  is  practically  in  a 
hypnotic  trance  state.  On  the  occasion  of  a  dance  the  dancers  come 
forward  as  they  are  moved  or  prompted  by  self-suggestion  or  the  mental 
Bu^estion  of  the  waiting  audience.  They  sit  passive  waiting  for  the 
'  psychological  moment,'  just  precisely  as  do  the  sitters  in  a  '  mediumistic 
circle.'  The  monotonous  beating  of  cedar  boards  on  all  sides,  which  is 
their  dance  music,  has  the  effect  of  sending  some  of  them  into  hypnotic 
trances.  First  one  and  then  another  heaves  a  deep  sigh,  or  utters  sounds 
indicative  of  mental  disorder  ;  some  swoon  outright,  and  have  to  be 
brought  to  a  dancing  condition  by  the  dashing  of  cold  water  over  them  ; 
and  some  start  off  in  a  kind  of  frenzy,  and  dance  from  tire  to  fire  all 
round  the  building  till  they  fall  exhausted  from  their  exertions. 

Dancers  had  to  undergo  a  certain  training.  "When  young  mon  or  women 
desired  to  become  dancers  they  had  first  to  subject  themselves  to  a  four 
days'  fast.  In  this  condition  it  was  easy  for  them  to  pass  into  the 
hypnotic  state.  In  the  case  of  the  girls  in  particular  they  would  in- 
variably swoon  away  on  the  fourth  night,  when  the  dance  would  be  held, 
and  the  ewm'ttn  and  the  s7u  would  work  upon  them  to  restore  them  to 
consciousness.  Presently  a  girl  would  come  out  of  her  swoon  with  a 
deep  sigh  and  begin  singing,  and  then  start  off  dancing  for  half  an  hour. 
This  dance  she  is  supposed  to  have  learnt  in  lier  trance.  When  she  has 
lished  lier  performance  she  is  driven  out  into  the  forest  among  the  ' 
"S.     The  purpose  of  this  is  that  she  may  learn  a  new  dance  from  the 

les  and  trees,  which  they  think  are  able  to  hold  communication  with 
from  W)pbyte  in  faet  present  state  and  impart  to  her  some  of  their  know- 


ON  THE  ETHSOLOOICaL  SURVEY   OF  CAMADA.  489 

ledgo.  After  a  while  she  returos  to  the  building  again  and  perfonns  a 
new  dance.  When  a  novice  performs  his  or  her  first  dance  it  is  called 
their  kanui'lktl.  Nearly  all  the  spectators  of  the  dances  beat  time  with 
sticks  on  loose  cedar  boards  placed  on  the  beds.  The  movements  of  the 
dancers  are  various,  agility  and  endurance  being  more  aimed  at  than 
what  we  should  call  grace.  Prancing  like  a  high-stepping  horse  is  a 
noted  "feature  in  some  of  the  men's  dances.  An  old  resident  of  the  dis- 
trict, Mr.  Jonathan  Miller,  now  postmaster  of  Vancouver  City,  but  who 
formerly  had  much  to  do. with  the  Indians  in  his  capacity  of  provincial 
constable,  informed  mg  that  at  the  close  of  one  of  their  dances,  which 
took  place  about  thirty-eight  years  ago  at  the  village  of  Qoiqoi  (^maska), 
in  Stanley  Park,  which  then  had  a  population  of  TOO,  and  now  contains 
but  ons  family,  a  noted  medicine-man,  or  sfium't^n,  gave  a  performance. 
He  come  into  the  circle  with  a  small  living  dog  in  his  teeth.  As  he 
danced  he  devoured  (be  creature  piecemeal.  He  bit  the  akin  from  its 
nose  and  tore  it  backwards  with  his  teeth  till  he  reached  the  throat. 
He  then  toi'e  otf  place  after  piece  of  the  flesfa  and  danced  round  the 
bailding,  devouring  it  as  he  went.  This  dance  was  known  as  the  '  dog- 
dance.'  This  is  no  longer  practised  even  by  the  pagan  bands,  as  far  as  I 
can  learn. 

There  waa  a  custom  among  the  Sk-qii'mic  of  '  bringing  out '  a  girl,  not 
altogether  unlike  the  custom  among  ourselves.  In  the  case  of  a  girl  who 
had  lost  her  mother  when  she  had  reached  the  age  of  puberty  she  was 
publicly  '  brought  out '  at  the  next  dunce,  and  sang  and  danced  her 
mother's  song  and  dance  before  the  whole  community.  She  was  attired 
for  the  occaaion  in  a  special  ^rment  or  head-dress.  When  the  people 
were  assembled  for  the  dancing  an  elderly  man  of  the  girl's  fpmily  would 
proclaim  aloud  that  So-and-so  was  going  to  dance  and  sing  her  mother's 
song.  Her  brothers  or  her  cousins  would  now  prepare  and  robe  her. 
This  ceremony  was  called  so'yumiiitl,  and  consisted  in  placing  upon  her 
head  a  kind  of  veil  composed  of  tails  mode  from  the  wool  of  the  moun- 
tain-goat, which  hung  down  all  round  her  person,  and  bobbed  and 
swayed  as  she  moved.  The  garment  was  called  aii'yumEii.  If  the  girl 
were  a  good  industrious  sister  the  brothers  would  show  their  esteem  and 
regard  for  her  by  seating  her  on  a  pile  oE  blankets,  afterwards  to  be 
given  away  to  mark  the  occasion.  Usually  the  ceremony  took  place  in 
the  house,  but  sometimes  a  platform  would  be  erected  on  seveml  canoes 
joined  together  on  the  water,  and  the  dance  would  take  place  there. 
When  the  annoanoement  would  be  made  of  the  dance  all  the  people 
would  show  their  pleasure  by  clapping  their  hands  much  as  a  white 
audience  does.  In  earlier  times  the  girl  danced  on  a  blanket,  which 
waa  afterwards  siirlls,  or  scrambled  for  by  the  onlookers,  each  wildly 
endeavouring  to  get  a  piece  of  it.  Every  one  who  secured  a  grip  of  the 
blanket  was  entitled  to  cut  off  all  he  held  in.  his  hand.  These  pieces  of 
blanket  were  not  prized  as  mere  souvenirs  of  the  occasion,  as  might  be 
thought,  but  rather  as  precious  material  to  be  rewoven  into  another 
blanket.  That  is  the  reason  why  blankets  at  potlatches  and  other  feasts 
were  cut  into  pieces  if  th^re  were  not  enough  whole  ones  to  go  round 
among  the  guests.  Mountain-goat  wool  was  a  valuable  commodity, 
and  not  easy  to  secure  ;  hence  the  value  of  even  a  small  piece  of  blanket. 
Tbia  »odlt,  or  scrambling,  was  always  an  exciting  scene,  and  because  of 
an  accideat  that  happened  on  one  of  these  occasions  to  tJie  debutante  by 
the  over-eageme«s  of  the  crowd  to  get  at  the  blanket,  it  was  afterwards 
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always  aaspeuded  over  the  girl's  heEid  while  she  danced,  and  when  she 
had  finished  it  was  taken  down  and  thrown  to  the  audience,  who 
literallf  cut  and  tore  it  to  pieces.  In  later  times,  after  the  intro- 
daction  of  Hudson's  Bay  blankets,  the  pieces  secured  from  the  eoaU  of 
these  were  sewn  together  to  make  baby  blankets  of. 

Potiatc/i£a. 

The  Sk-qO'mic  ia  common  with  other  tribes  of  this  region  were  given 
to  holding  '  potlatches.'  These  have  been  so  ofton  described  that  it  is  un- 
necessary to  give  an  account  of  them  here.  They  were  the  occasion  of 
great  gatherings.  Whole  tribes  from  long  distances  would  be  invited 
sometimes.  Representatives  from  Lytton  n,nd  Kamloops  in  the  interior, 
and  from  the  upper  coast  and  Vancouver's  Island,  were  present  on  one 
occasion  at  QoiQci.  Over  2,000  in  all  sat  down  to  the  feast.  An  immense 
quantity  of  property  was  distributed  on  this  occasion,  estimated  by  Mr. 
J.  Miller,  who  was  present,  to  be  worth  over  ,85,000.  On  another  and 
later  occasion  chief  Semsla'no,  the  head  of  one  of  the  confederated  bands 
at  the  month  of  the  Fraser,  gave  away  ,$3,000  in  silver  and  3,000 
blankets. 

Wart. 

The  Skqo'mic  would  sometimes  wage  war  with  their  northern  neigh- 
bours the  Stlatlumii  or  Lillooeta.  They  had  also  to  defend  themselves 
from  marauding  bands  of  Chilcotins,  but  their  most  dreaded  enemies  were 
the  U'keltaws,  a  band  of  the  KwakiutI  tribe.  These  latter  were  long  the 
scourge  of  the  coast  from  the  northern  end  of  Vancouver's  Island  to  the 
Columbia,  and  from  the  mouth  of  the  Fraser  up  to  Yale.  There  is  not  a 
tribe  on  the  Fraser  that  has  not  memories  of  evil  times  and  bitter  losses 
caused  by  the  visits  of  this  band.  Only  on  one  occasion  is  it  recorded 
that  the  Sk'qo'mic  gut  the  better  of  their  foes,  and  that  since  the  white 
man's  time  and  the  advent  of  firearms.  It  is  told  that  the  tjb'qo'mic 
ecout«  brought  timely  warning  of  the  approach  of  two  war  canoes  of 
TT'keltawe.  The  Sk-qO'mic  at  that  time  had  a  courageous  and  resourceful 
leader  in  their  head  chief  Kiapila'nog.  He  assembled  a  number  of  tJie 
bravest  men  and  best  shots  of  the  tribe  and  hid  them  in  a  log  hut  built 
for  the  purpose  at  the  mouth  of  the  narrows  leading  into  Bnrrard  Inlet. 
Ou  the  flats  immediately  in  front  of  the  but  he  placed  some  of  the  women 
and  children,  who  were  to  pretend  to  be  gathering  drift  wood.  When 
the  U'keltaws  came  into  the  narrows  they  at  once  perceived  the  women 
and  children,  and,  thinking  to  secure  these  for  slaves  in  the  apparent 
absence  of  the  men,  they  landed.  The  women  and  children  now  fled 
towards  the  woods,  drawing  their  pursuers  after  them  close  to  the  hut. 
The  hidden  Skqo'mic  now  opened  fire  upon  the  UTteltawa  and  killed 
every  one  without  harm  to  themselves.  The  very  name  of  this  bond  was 
a  terror  to  the  other  tribes,  and  the  mothers  would  frighten  their  children 
into  silence  and  quiet  by  saying  the  U'keltaws  were  coming  for  them. 
In  most  of  the  villages  they  had  palisaded  enclosures  to  retire  into  when 
hard  pressed  by  this  enemy. 


The  principal  and  staple  fobd  of  the  SkO'mic  was  salmon.  These, 
Iresh  in  aeoson  and  dried  out  of  season,  were  to  them  what  bread  ia  to  the 
European  and  rice  to  the  Oriental,  and  great  was  the  distresa  and  famine 


0»  THE  ETENOLOGICAL  8DRVEY  OF  CANADA.  4&1 

If  Uie  Bahnon  catch  wu  poor.  Their  traditions  tell  of  troat>leB  of  this 
kind  occasionallj.  They  also  huat«d  the  deer  with  doge,  and  occaaioiially 
secured  s,  mountain -goat  or  two.  Id  hunting  the  deer  they  did  not  shoot 
or  trap  them.  The  dogs  were  trained  to  drive  them  into  the  water,  where 
they  were  easily  despatched  by  men  in  canoes.  Some  of  the  men  were 
skilful  with  the  bow  and  arrow,  and  secured  by  thia  means  many  duck, 
Ac.,  but  it  was  in  fishing  the  tribe  excelled.  Fraita  and  roots  of  various 
kinds  were  also  eaten  by  them.  This  we  may  gather  for  oorselves  from 
their  folk-talea.  I  was  unable  to  secure  the  native  names  of  many  of 
these.  Such  of  those  as  I  did  get  will  be  found  in  my  vocabulary  erf 
Sk'qO'mic  terms  below,  with  their  botanical  equivalent.  I  could  not 
learn  that  any  family  or  village  had  exclusive  rights  over  fiabiag,  hunting, 
or  berry  and  root  grounds.  These  seemed  to  be  common  to  all  alike. 
Neither  could  I  hear  anything  of  '  First  Fruits '  ceremonies  as  among  the 
N'tlaka'pamuQ  and  River  Indians.  The  chiefe  used  formerly  to  pray  for 
the  tribe  or  village  to  Te  tcltl  sla'm,  the  upper  chief,  but  I  coald  learn  no 
particulars  of  these  prayers.  They  have  been  in  contact,  more  or  less 
close,  with  white  men  for  over  two  generations,  and  this  intercourse,  with 
the  influence  of  the  missionaries,  has  broken  down  and  thrust  aside  many 
of  their  old  pagan  beliefs  and  practices,  many  of  which  are  not  known  at 
all  by  the  younger  men  and  women,  and  almost  forgotten  by  the  older 
ones.  Like  the  other  tribes  of  this  region  they  were  fond  of  fish-oils,  and 
particularly  salmon-oil.  They  extracted  oil  from  the  sturgeon,  the  seal, 
the  salmon,  and  the  dog-fish.  They  stored  these  oils  awayin  bottles  made 
from  the  sounds,  or  air-bladders,  of  certain  fish.  They  used  this  <al  for  a 
variety  of  purposes  besides  food.  One  of  these  was  the  anointing  of 
tiie  bodies  of  sick  persons  and  also  the  bodies  of  twins  when  wind  was 
desired. 

Phytical  Chnracterittict. 
With  the  exception  of  about  a  score  of  photographs  of  men  and  boys 
of  the  iSk'qO'mic  I  r^ret  to  say  that  I  can  add  no  new  material  to  our 
knowledge  of  the  physical  characteristics  of  this  tribe.  Dr.  Boas's  earlier 
work  along  these  lines  among  them  so  prejudiced  their  minds  against 
anything  of  the  kind  that  I  found  it  impossible  to  do  anything  with  them, 
more  particularly  after  the  death  of  the  late  Bishop  Durieu,  who  had  a 
great  influence  over  them.  The  good  Bishop  had  made  an  appointment 
with  me  just  before  his  death  sickness,  and  had  promised  to  exercise  his 
influence  in  my  behalf,  and  I  was  sorely  disappointed  to  learn  of  bis 
death.  He  told  me  himself  that  on  the  occasion  of  Dr.  Boas's  visit  many 
of  the  Indians  ran  away  and  hid  themselves  in  the  woods  rather  than  sub- 
mit to  the  examinations.  I  made  an  effort,  however,  and  chief  George 
'  rounded '  me  up  a  score  or  so  of  children  of  all  ages,  but  the  mothers  of 
them  came  upon  us  before  I  had  measured  the  first  boy's  head  and  dragged 
them  all  off.  After  this  I  gave  up  the  attempt  to  do  anything  with  them 
in  this  way.  I  may  say,  however,  that,  like  the  N'tlaka'pamuQ,  they  are 
clearly  a  mixed  race.  We  find  two  distinct  facial  types  among  them,  one 
of  which  is  distinctly  and  markedly  Mongolic.  I  regret  being  unable  to 
secure  a  good  specimen  of  this  type  among  my  photographs. 

Arehteology. 
Archieological  investigation   carried   on  within  the  territory  of  the 
Sk'qO'mic  has  resulted  in  revealing  to  us,  among  other  things,  one  fact  of 
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special  importance.  This  is  that  the  shorea  oad  bays  of  Bnrrard  Inlet 
and  English  Bay  have  been  occupied  by  rude  communities  of  people  for  a 
very  considerable  period  of  time.  The  midden  heaps  here— the  chief  monu- 
nienta  of  the  past  in  this  region — are  of  two  kinds  or  classes,  and  clearly 
belong  to  two  distinct  periods.  There  is  the  class  represented  by  the 
refuse  heaps  sran  in  the  vicinity  of  every  camp  site  on  the  coast,  and 
which,  generally  speaking,  are  composed  almost  wholly  of  the  shells  of 
various  bivalves,  mostly  of  the  clam  and  mussel  kind,  and  which  are 
clearly  of  modem  or  comparatively  modem  date  ;  and  there  is  the  class 
composed  of  fewer  shells,  which  are  mostly  fractured  and  partially  decom- 
[tosed,  numbers  of  calcined  stones  and  large  quantities  of  ashes  and  other 
earthy  matter.  The  latter  accumulations  bear  every  characteristic  of  age, 
and  are  undoubtedly  of  ancient  date.  1  believe  these  two  classes  of 
middens  are  to  be  found  everywhere  on  this  coast.  Wherever  I  have 
gone  I  have  always  met  with  them  ;  and  Dr.  (1.  M.  Dawson  has  also 
mentioned  them  aa  occurring  on  the  Queen  Charlotte  Islands  in  his 
paper  on  the  Haidas.  At  all  events  they  are  particularly  characteristic  of 
this  region,  and  are  perhaps  the  most  interesting  feature  of  its  archteology. 
Evidence  of  an  anatomical  kind  has  been  secured  from  the  middens  of 
this  older  class  in  the  neighbouring  district  of  the  Fraser,  which  leads  us 
to  believe  that  a  pre-Sttliahan  race  once  occupied  these  shores  and  bays 
and  formed  these  heaps.  Crania,  of  a  type  wholly  different  from  those 
recovered  from  the  burial-grounds  of  the  modem  tribes,  have  been  dug 
up  in  some  of  these  older  heaps.  The  Sk'qo'mic  territory  is  particularly 
rich  in  these  evidences  of  a  distant  past.  On  both  shores  of  Bumurd 
Inlet,  on  English  Bay,  and  around  False  Creek,  the  remains  of  many  of 
these  ancient  middens  are  to  be  found.  In  some  instances  they  have 
been  partially  washed  away  by  the  tides,  owing  to  a  subsidence  in  the 
land  since  the  heaps  were  formed.  In  some  places  the  decaying  stumps 
of  old  cedar  and  fir  trees  of  immense  size  are  seen  embedded  in  the  midden 
mass.  There  can  be  no  doubt  that  many  of  these  stumps  are  over  half  a 
millennium  old.  They  are  the  remains  of  what  is  locally  known  as  the 
first  forest.  In  numerous  instances  I  have  found  them  and  the  middena 
overlying  the  glacial  gravels  and  clays  with  no  intervening  mould  or  soil 
between  them,  while  all  around  iu  the  same  vicinity  the  vegetable  mould 
covers  both  the  gravel  and  the  middens  themselves  to  a  depth  of  from 
six  to  twelve  inchps.  Indeed  the  presence  of  these  old  camp  sites  can 
often  only  be  discovered  by  examining  the  strata  of  the  banks  facing  the 

There  is  a  second  reason  which  leads  mo  to  regard  these  older  heaps 
as  prte-Kalishan  formationid.  '  They  are  not  included  by  the  Sk'qu'mic 
among  their  old  camp  sites  in  the  enumeration  of  their  ancient  ff  k'lctimfiq, 
or  villages.  There  is  nothinj;;  in  the  Sk'qo'mic  traditions  which  indicat«s 
that  they  were  ever  occupied  by  members  of  the  Sk'qu'mic  tribe.  In  my 
own  mind  there  is  no  doubt  whatever  that  they  are  centuries  older  than 
the  oldest  known  Sk'q6'mic  refuse  heaps  or  camp  sites,  and  were  formed 
by  a  preceding  race.  The  relics  recovered  from  these  ancient  middens 
are  not,  however,  distinguished  in  any  marked  manner  from  those  found 
elsewhere  on  more  modem  sites.  I'hey  represent  the  usual  specimens 
of  bone  and  stone  weapons  and  utensils,  rough  and  crude  specimens  being 
found  side  by  side  with  finely  wrought  and  polished  ones.  But  if  they 
do  not  differ  in  any  special  manner  from  known  Skqo'mic  specimens 
neither  do  they,  for  the  matter  of  that,  except  in  the  kind  of  stona 
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employed,  from  the  remains  of  ant-ient  peoples  elsewhere.  Many  stone 
arrow  and  spear  points  have  been  picked  up  on  the  beach  adjacent  to  tiie 
heaps,  from  whiob  they  have  been  obviously  washed  by  the  action  of  the 
tides,  which  have  at  some  points  almost  demolished  the  midden  piles. 
Jade  or  nephrite  adzes,  axes,  and  chisels  have  also  been  picked  up  in  the 
■ame  vicinity  ;  and  large  nambers  of  spear  and  arrow  heads  '  in  the 
rough  '  are  unearthed  from  time  to  time.  These  latter  were  apparently 
hoards  or  magazines.  They  can  be  picked  up  on  the  northern  shore  of 
Stanley  Park  at  low  tide  by  the  score.  .  They  are  not  to  be  confounded 
with  the  waste  chips  of  the  arrow  maker's  workshop  so  characteristic  of 
some  prehistoric  camp  sites.  They  are  clearly  the  raw  material  of  the 
spear  and  arrow  point  maker,  all  showing  evidence  of  having  been  skilfully 
broken  for  the  purpose  from  water-worn  boulders  of  dark  basalt.  No 
one  could  mistake  their  purpose — their  outlines  are  too  obvious.  In 
form,  material,  and  colour  they  differ  radically  from  the  ordinary  pebbles 
and  stones  of  the  beach. 

As  these  old  middens  in  the  SkqS'mic  territory  resemble  in  most  of 
their  features,  except  extent  and  mass,  the  great  middens  of  the  Lower 
Fraser,  I  would  refer  those  who  desire  to  learn  more  of  them  to  my 
paper  on  '  Prehistoric  Man  in  British  Columbia,'  published  in  the  '  Trans- 
actions '  of  the  Boyal  Society  of  Canada  for  1 890,  in  which  I  have  treated 
of  these  middens  at  some  length. 

Since  the  Sk-qo'mic  have  come  under  the  influence  of  the  missionaries 
they  have  not  only  buried  their  dead  in  proper  graveyards,  but  have 
also  gathered  up  and  interred  in  the  same  place  such  remains  of  their 
dead  as  could  be  recovered  from  their  former  burial-places.  It  is  difficult, 
therefore,  to  secure  anatomical  material  from  this  region.  Some  ten  or 
twelve  years  ago,  when  the  Vancouver  City  authorities  were  making  the 
road  which  now  runs  round  the  edge  of  the  penisnla  which  constitutes 
Stanley  Park,  they  opened  one  of  the  larger  of  the  later  ot  Salish 
middens,  utilising  the  material  for  the  road  bed.  A  considerable  number 
of  skeletons  was  disinterred  from  the  midden  mass  during  the  operation, 
the  larger  bones  and  crania  of  which  were  gathered  up  and  placed  in 
boxes  which  were  afterwards  hidden  in  the  forest  where  I  discovered 
them  a  few  years  later.  The  crania  had  then  fallen  to  pieces.  A  boxful 
of  these  bones  I  shipped  later  to  the  Dom.  Geol.  Survey  Museum 
at  Ottawa.  From  the  fact  of  these  bones  being  found  thus  inhumated 
as  well  as  from  the  recovery  of  a  skeleton  in  a  fair  state  of 
preservation  in  the  same  heap  by  myself,  it  would  seem  to  appear  that 
burial  by  inhumation  sometimes  took  place  in  former  times  even  by  the 
Sk'qO'mic  themselves,  though  this  was  not  the  prevailing  custom  when 
we  first  came  into  contact  with  them.  Thera  is,  however,  no  record  of 
burials  of  this  kind  in  the  tribal  recollection  that  I  could  learn,  the 
traditional  method  of  burial  being  that  already  described  in  my  mortuary 
notes,  and  it  is  quite  possible  these  burials  in  the  midden  mass  were 
due  to  the  presence  of  some  pestilence  or  epidemic  such  as  their  traditions 
speak  of,  and  such  as  we  know  on  good  testimony  caused  the  inhumation 
of  a  large  number  of  corpses  in  the  Hammond  midden  on  the  Fraser 
a  few  generations  ago.  The  tribe  inhabiting  this  district  was  almost 
decimated  by  small-pox.  So  terrible  was  the  scourge  that  they  abandoned 
tiieir  village  site  after  burying  all  their  dead  in  a  big  hole.  In  digging 
the  foundations  of  his  house,  the  rancher  who  now  owns  this  spot  came 
Qpon  this  pit  of  bones,  and  in  coosequence  chose  another  site  for  his 
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dwelling.  In  the  traditional  history  of  the  Sk-q6'mie  we  leam  of  some 
terrible  Biokness  which  killed  off  whole  villages  and  caused  the  abandon- 
ment of  many  5'kv}>i.miiqe.  The  presence  of  theee  human  remains  in  the 
midden  in  the  park  may  be  due  to  this  or  some  similar  cause.  No 
relics,  as  far  as  I  could  learn  from  the  man  who  had  charge  of  the  road 
making,  were  found  with  the  bodies  ;  which  fact  would  seem  to  indicate 
that  they  had  not  been  buried  in  the  usual  way.  t  have  never  discovered 
or  heard  of  any  mounds  or  tumuli  within  the  territories  of  the 
Sk-qO'mic  such  as  are  found  on  the  banks  of  the  Lower  Fraser  and 
elsewhere.  It  is  extremely  doubtful  if  any  such  exist  among  them.  Of 
the  old  weapons  or  utensils  the  stone  pestle-hammer  is  the  only  one  now 
found  among  them.  I  have  frequently  seen  the  older  men  using  tbi> 
tool ;  indeed  they  prefer  it  to  our  hammers.  I  once  showed  some  of  the 
younger  men  some  stone  arrow  and  spear  points.  They  did  not  know 
what  they  were  or  what  they  had  been  used  for.  They  had  a  very 
ingenious  way  of  keeping  their  wedges  from  splitting  under  the  repeated 
blows  of  the  hammer  when  splitting  cedar  b<»irds,  ka.  They  bound  the 
head  of  the  wedge  in  a  most  skilful  manner  with  a  ring  of  twisted 
fibres  or  split  cedar-root  which  answered  the  same  purpose  and  almost 
as  effectively  as  the  iron  ring  on  our  mallet«  and  chisels.  Besides 
wooden  wedges  they  also  used  horn  ones.  Several  of  their  modem  toobi 
are  fashioned  after  the  pattern  of  the  ancient  ones,  notably  the  steel 
adze  they  employ  in  canoe-making  and  the  women's  salmon  knife. 
The  latter  is  of  the  half- moon  shape,  and  generaliy  formed  from  a  piece 
of  a  saw,  and  corresponds  in  everything  but  material  to  the  prehistoric 
slate  knives  of  the  middens. 

There  is  a  point  in  canoe-making  which  the  8k-qo'mic  share  in  common 
with  the  other  coast  tribes  of  this  region  to  which  I  cannot  recall  that 
any  previous  writer  has  drawn  attention,  but  which  very  aptly  Olustrates 
the  skill  and  judgment  displayed  by  our  British  Columbia  Indians  in 
their  adaptation  of  means  to  ends,  and  upon  which  a  few  remarks 
will  not  be  out  of  place  here.  In  shaping  the  canoe  from  the  solid  Ic^ 
the  outlines  marked  out  by  the  bnilder  are  very  different  from  those 
the  canoe  takes  when  finished.  When  looked  at  from  the  side  joBtbefors 
the    steaming  process  preparatory   to  spreading   the    beam    has    been 

'  effected  it  is  seen  to  have  distinctly  convex  gunwales  which  rise 
gradually  in  the  centre  six  or  eight  inches  above  the  line  of  the  bow  and 
stem,  while  the  bottom  of  the  canoe  is  correspondingly  concave.  The 
object  of  this  is  to  insure  the  gunwales  having  the  proper  sweep  and 
curve  from  bow  to  stem  after  the  spreading  process  has  taken  place, 
and  to  prevent  the  bottom  bellying  out  in  the  centre,  from  the  same 
cause.  The  greater  the  beam  is  spread  the  higher  must  the  gunwalea 
rise  at  the  centre,  and  the  greater  must  be  the  concavity  of  the 
bottom.  In  large  canoes  where  the  beam  is  six  or  seven  feet,  and 
the   log   originally   perhaps   less  than  five   feet   through,    to    allow   of 

'  this  spread  of  two  feet  or  so,  a  very  considerable  oonrexity  in  tJie 
gunwales  and  a  proportionate  concavity  in  the  bottom  of  the  vessel  are 
necessary.  This  Bpreading  of  the  canoe  is  in  itself  a  very  nice  task, 
calling  for  much  judgment  and  care.  It  is  effected  by  partially  filling 
it  with  water  and  then  dropping  in  heated  stones  till  the  water  is  at 
boiling  heat.  On  the  outside  of  the  canoe,  and  in  close  proximity  to  its 
aides,  fires  are  also  kept  up,  care  being  exercised  that  the  sides  of  the 
eanofl  are  not  burnt  in  the  process<     The  heat  of  the  firea  and  the 
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steaming  and  soaking  give  a,  certaiii  degree  ot  elastioity  to  the  cedar, 
and  prevent  the  thin  sides  of  the  canoe  from  splitting  or  cracking  under 
the  strain  of  the  spreading.  The  sides  are  kept  apart  and  in  the  proper 
position  bj  fixed  narrow  thwarts.  The  native  canoe-builder  knows  to  a 
nicety  just  what  convexity  and  concavity  to  allow  respectively  to  the 
sides  and  bottom  in  every  instance,  and  rarely  errs  in  his  calculations. 
Not  every  Indian  is  a  canoe  builder  of  the  first  order,  the  art  requiring 
nice  judgment  and  an  experienced  eye,  and  our  admiration  may  well 
be  excited  by  the  ingenious  method  the  canoe-builders  adopt  in  over- 
coming the  difficulties  imposed  upon  them  by  the  narrowness  of  Tihe 
log.  In  the  hollowing  out  of  the  log  the  canoe-builder  again  shows  his 
skill  and  nice  judgment.  The  thickness  of  the  sides  and  bottom  of  a 
canoe  is  generally  under  an  inch.  To  the  onlooker  nothing  seems  easier 
than  to  miscalculate  this  thickness,  and  pare  off  too  much  or  too  little 
in  places.  Yet  the  native  canoe-builder  never  does  this,  bnt  chips  out 
his  canoe  as  uniformly  as  if  it  had  been  turned  out  of  a  mould,  his  only 
aid  being  his  finger-tips.  He  Jiels  the  sides  and  bottom  from  time  to 
time  as  he  goes  along  by  the  tips  of  his  fingers,  placing  a  hand  on  each 
side  of  his  work.  By  this  means  he  can  tell  to  a  nicety  the  exact  thiok- 
nesa  of  the  shell.  The  Sk-q&'mic  have  five  difierent  canoes,  each  called 
by  a  special  term.  One  at  least  of  these,  the  Chinook  canoe,  is  a 
borrowed  form.  I  cannot  say  if  the  others  originated  with  themselves. 
They  have  of  late  years  added  a  sixth  to  their  number.  This  now  one  is 
a  racing  canoe,  built  on  the  lines  of  our  four-oared  outrigger.  I  saw 
one  of  these  at  the  Mission  across  Burrard  Inlet,  the  beautiful,  graceful 
lines  of  which  would  do  no  discredit  to  a  first-class  yacht-builder.  It 
vas  hollowed  from  a  cedar  log  in  the  usual  way,  and  outrigged 
like  a  regular  shell,  and  was  altogether  a  splendid  piece  of  native 
workmanship. 

LINGUISTICS. 

The  foUowbg  notes  on  the  languages  al  the  SkqO'mic  will  be  the  more  welcome 
inaamach  as  thej  constitnte  the  first  nerioas  attempt,  as  far  as  the  writer  has  been 
able  to  team;  to  give  the  pecaliaritiea  of  the  Htructore  of  this  dialect.  WUla  the 
Bk'qO'mic  poBsesses  manj'  of  the  characteristics  oommoa  to  the  Salish  tongue,  its 
dialectal  differenoeB  aie  so  manj  and  great  a«  to  mark  it  off  into  a  dietinct  class  of 
lis  own.  It  shows  resemblance  to  both  the  AlkOmelmn  dialects  of  the  Lower  Fnuer 
on  the  one  hand  aod  to  the  dialects  of  the  tribes  of  the  interior  on  the  other,  bat  is 
quite  distinct  from  any  of  these,  and  poaaessea  a  grammatical  fonuation,  character, 
and  vocabclai?  wholly  ile  own,  which  renders  it  impossible  for  its  speakers  to  hold 
extended  converse  with  the  neighbouring  tribes  withont  the  aid  of  the  trade  Jargon. 
Though  my  stndiea  of  this  tongue  hate  extended  more  or  less  oter  the  whole  period 
of  my  residence  in  these  parts,  it  is  only  daring  the  past  year  that  I  have  given  any- 
thing like  connected  thought  to  the  work.  Having  found  an  intelligent  helper  this 
spring  in  my  studies  in  the  person  of  a  half-breed  named  Annie  Corrasco,  1  have 
taken  advantage  of  her  asaistauce  to  gather  a  fairly  extensive  list  of  phrases  and 
sentenoes  illustrative  of  the  laws  and  structure  of  the  language.  From  these  and 
from  the  story  of  the  BmailEtt,  which  I  have  written  in  the  original  SkqO'mic,  a  fair 
knowledge  of  this  dialect  may  now,  with  the  aid  of  my  notes,  be  obtained. 

Hy  method  of  working  was  to  supplement  the  serrices  of  Mrs.  Canasco  with 
those  of  one  or  more  fall-blooded  Sk-qO'raic.  These  were  generally  a  woman  named 
Annie  Rivers  and  Chief  Thomaa  of  Euk-moa.  My  notea,  therefore,  will,  I  trust,  be 
free  from  those  errors  which  sometimea  creep  into  our  studies  of  the  native  tongues 
when  only  the  aervjcea  of  half-breeds,  with  limited  and  imperfect  knowledge  of  the 
language,  are  employed.  There  am  many  ways  of  eiprening  the  same  thoughts 
■nd  ideas  in  Sk-qO'mlc  as  in  other  tongues.  I  have,  however,  In  my  grammar  notes 
•ought  to  »cnd  at  all  tlmM  the  oomct  or  ■  danla '  tonui    CelloqnlaUimi  and 
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'  Blangiey '  phrases  are  quite  coumton,  and  tbeee  are  active  factors  of  cbaoge  in  the 
Sk'gO'mic  language  as  iu  otbers.  Chief  Tbomaa  and  utbetaof  theoldermeiiiDfoniied 
me  tbat  tbe  langnaer^  had  changed  conBJderablj  dDiing  the  past  fift;  jeais,  and  that 
ever;  generation  of  speakera  brought  in  new  phrases  and  expressions,  some  of  which 
die  oat  and  are  forgotten,  while  otbers  aie  perpetuated  and  in  time  become  'cloMio' 
or  correct  forms  of  speech.  It  is  clear,  therefore,  that  precisel;  the  same  laws 
prevail  in  the  speech  of  barlmroos,  nnlettered  peoples  like  the  Sk-qO'mic  as  in  the 
langnege  of  cultivated  ood  litenuy  stocks. 

PHONETICS. 


at      „        „       boil 

The  vowe]  sounds  in  Sk-qO'mic  are  even  more  indeterminate  than  In  the 
N'ltaka'pamuQ.  The  loog  vowels  are  in  tbiii  respect  more  at  fault  than  the  short 
I  nes  :  e  and  at  final  I  fonnd  particulatlj  troublesome,  and  at  first  I  wbh  constantly 
changing  from  the  one  to  the  other,  no  two  Indians  uttering  them  exactly  alike.  A 
timiJar  tronble  is  found  in  dealing  with  au  and  o.  So  marked  is  this  characteristic 
of  tbe  SkqO'mic  vowel  that  the  vocabularies  of  different  collectors  wonld  be  found  to 
agree  bat  rarely,  no  matter  how  carefully  they  might  work. 

CONSO  MASTS. 
t  aa  ia  English.  Tlironghoot  my  studies  of  the  Sk'qo'mic  tongue  I  have  been 
□nable  to  detect  tbe  corresponding  sonant  d.  Indeed.  I  am  inclined  to  think  that 
sonants,  as  distinct  from  sards,  are  altogether  wanting  in  SkqO'mic  In  looking 
through  my  collection  of  terms  I  find  but  one  single  example  of  g',  and  tbat  the 
harsh  form,  which  at  best  is  only  a  surd-sonant ;  no  b  at  all  and  no  tme  t.  though  I 
have  sometimes  written  this  sonant ;  and  in  looking  over  the  short  vocabulary  of  the 
Sk'qa'mic  tongue  given  in  the  Comparative  Vocabulary  in  the  Sixth  Report  on  the 
N.W.  Tribes  of  Canada,  by  Dr.  Boas,  1  find  tbat  it  does  not  contain  a  single  term 
with  a  sonant  in  it. 
k.  as  inEngH.'ib. 

k-,  approximately  like  the  final  i  in  the  word  kiei,  uttered  forcibly, 
g',  rare.     In  sound  it  difTers  little  from  &■. 
q,  as  in  the  German  ch  in  Back. 
Q,  approximately  like  oar  THh.  bat  with  more  force. 
II,  B8  in  Oermaa  eh  in  ieh. 

h,  y,  w,  m,  n,  1,  s,  as  in  English  ;  p  sometimes  as  In  English,  sometimes  with  a 
suspicion  of  the  corresponding  sonant  aboat  it ;  a  quality  of  sound  impossible  to 
render  by  any  written  symbol ;  c  as  in  English  ih  \  tc  as  in  English  ch  in  the  word 
charcb  ;  t«,  tz,  as  altered  in  English  ;  tl  an  explosive  I  approximately  like  tbe  Welsh 
11 ;  al  somewhat  as  in  English,  but  easily  misti^en  for  tl  as  uttered  by  some  natives; 
kl  as  in  English  j  q  as  in  English  th,  as  in  tbe  word  thin.  In  uttering  i  some  of  the 
natives  show  a  tendency  to  convert  it  into  li,  these  two  sonnds  being  practically 
interchangeable  in- Skqo'mic.  The  character  of  the  consonants  is  not  nearly  m> 
indeterminate  as  the  vowels.  The  commonest  iatcrchanges  arc: — k'.  k  ;  k-,  q  ;  q,  q  ; 
Q,  H  ;  H,  h.  To  mark  the  hiatns  which  occurs  in  certain  words  I  have  employed  tb« 
apostrophtc  sign;  us  t8'qftmls  =  ssp 

AccBNT  AND  Tone. 

Accentuation  is  a  marked  feature  of  the  Sk'qo'mic.    Every  word  that  contains 

more  than  one  syllable  has,  according  to  its  length,  one  or  more  accented  syllablea. 

The  importance  of  the  accent  is  seen  in  such  words  as  have  a  common  form  or  sonnd 

bai  different  meaaing,    Far  example,  the  word  sk-o'mai  with  the  Docent  on  the  first 
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■;lUble  aigniSea  '  haii,'  bat  with  the  ttccent  on  the  final  9;llable,ui  eknmai',  it  muns 
'dog.'  It  seemi  Impoftdble  to  lay  down  any  general  role  lor  the  position  of  the 
accent.  In  words  ol  two  lyllablea  the  aooent  is  perhaps  oltener  placed  npon  tha 
former  than  upon  the  latter  sellable ;  bat  the  exceptioDs  to  this  niisge  ate  so  rnanj 
that  it  hardly  coDstitates  a  rule.  Bpeaking  generallj,  the  place  of  the  accent  may  be 
said  to  depend  npon  the  compoaltion  of  the  word.  If  the  word  be  cotaposed  of 
different  radicals  having  special  or  independent  signiGoation,  then  the  accent  will  be 
found  on  the  most  important  element  or  radical  in  the  synthesis  ;  aa  stlxntl^naiO'tl  = 
girls,  where  the  accented  ayllable  signiQes  'youth,'  the  idea  to  be  brought  ant  in  the 
compound.  If  we  want  to  Bay  'women'  inatead  of  'girla'  this  final  ayllable  ia 
wanting,  and  the  accent  falls  on  the  second  syllable ;  as  stlsntU'nai.  But  tbera 
are  many  exceptions  to  this  rale  alao,  for  in  the  eompounds  sD&-Cci'ca  — step-mother 
ftnd  sfla-ma'n  -  step-father  we  have  the  accent  on  'mother'  and  'father'  reapectively, 
and  not,  as  by  the  rule  we  shouhl  expect  to  find  it,  on  the  &nt  syllable  tHa-  ••  step,  as 
in  Ei^lisb.  An  analyaia  of  the  650  words,  more  or  less,  of  my  Tocabdary  of  the 
Sk'qo'mle  seema  to  show  also  that  syllables  containing  a  long  vowel  ottener  take  the 
accent  than  syllables  containing  a  short  vowel ;  bat  whether  Uiia  is  a  mere  coincidence 
or  dae  to  the  superior  importance  of  the  syllable  in  qnestion  I  am  unable  to 
determine. 

Id  monosfllabic  terms  atonic  aooent  ia  at  times  plainly  discernible.  It  reaemblea 
one  of  tbe  rising  tones  in  Chinese.  Father  Morice  has  pointed  oat  the  BMne 
peonliaiity  in  aevetal  of  the  dialeols  of  tbe  Dint.  There,  however,  tbe  function  of 
tone  Is  the  same  aa  in  Cbineae  and  marka  a  difference  of  meaning  In  words  of  the 
aame  form  and  sonnd ;  but  in  Sk-qO'mlo  this  Is  not  ao.  What  pnrpose  this  tonic 
Mcent  anbaervea  In  the  Bk'qo'mic  dialect  la  not  at  present  clear  to  me. 

NUMBER. 

The  Sk'qOmiooontaiDa  no  true  plural:  Its  place  is  aupplied  byadiabihntiveformed 
aa  in  M'tlalu'pamnQ  by  ampUflcation  of  tbe  stem,  either  tiyradnpllcatioQ,  epentheaia, 
or  diaaresia.  Bednplication  in  the  Bk-qO'mia  is  not  ao  strong  a  feature  aa  in 
N'tlaka'pamnq,  epenihesia  anddinreaisoccarriiigoftener.    Thepluralaof  bothnoona 


and  adjectives  are  formed  in  thii 

horw 

sfkai'O. 

honse 

Um. 

dog 

ak-umat . 

smft'net. 

hiU 

stce'tlOB. 

grandparent 

aela. 

6'fflatB, 

old  man 

etimot. 

yonngest  (sing,) 

bad  (sing.) 

kai. 

beanUfnl  (sing.) 

DEtci'm. 

.A'^A),_ 

kne'was. 

hoQsea 
doga 


ber  or  him 


mBnltl. 


hills 

grand  parent  a 
grandchildren 
old  men 
youngeat  (plnr.) 
bad  (plor.) 
beanliful  (plur.) 
term  of   lelatiou- 

shlp  (plur.) 
them 


sk-nmhnmai'. 
smEma'net. 
etcetltce'tlos. 


It  is  ohaervable  that  the  vowel  in  the  reduplicated  syllable  Is  Invariably  shortened 
if  long  in  the  singular  form.  This  Is  a  very  constant  mle  in  Bk'qd'mic.  We  And 
tbe  verb  stem  U  also  sometimes  amplified  by  reduplication,  though  not  In  any 
instance  with  which  I  am  familiar,  for  the  purpose  of  ezpreasing  number,  the  re- 
duplicated forms  being  found  in  the  singular  as  well  as  in  the  pliua],  thus  iqai'aqai, 
to  laugh ;  idteam,  to  swim  ;  k'akiit,  to  strike :  tlstlem,  to  rain ;  pipid'tSti,  to  bunt ; 
tot-tat,  to  do,  to  make.  Hera  tbe  function  of  the  reduplication  is  clearly  to  mark 
repetition  of  the  action  expressed  by  the  verbal  atem,  and  in  this  respect  it  agrees 
with  tbe  N'tlaka'pamng. 

But  besides  the  above  functions  It  baa  also  an  aogmentatlvenae;  tbva.ttO'tlum- 

cold,  but  taSta0'(I«in  =  very  cold;  tM'oaia-aclifi,  but  ttatd'gaii-t.  very  high  cliS. 

I  find  that  the  numerals  two  and  ten  undergo   modification   In  certain  phrasea. 

For  example  in  the  sentence  '  I  have  ten  hoiaea,'  iipEn  =  ten  is  thus  modified  O'Spitn ; 

1900.  KS 
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but  ia  the  sent«noe  '  1  have  ten  boutes,'  the  nnmeral  takes  the  common  foTm  s'pm. 
It  is  thenme  with  two- d'MM,  which  ia  ampIiSed  in  the  aame  waybriherednpllcai' 
tion  of  the  initjal  Towel.  I  could  cot  le&m  that  tbia  modMcaUon  totdc  place  with 
oUier  tbau  the  wotd  hones,  tbongh  it  Is  posdble  m;  Informant's  memor;  ma;  have 
beoD  at  fault.    It  is  quite  clear,  howercr,  that  these  modified  forms  arc  not  oomm<^T 

INSTRUMENTAL  N0DN8. 
We  End  the  same  suffix  -ttn  employed  In  the  Sk'qO'mic  to  nuuk  Instnimentalit; 
ai  in  the  Htlaka'pamnq,  tbongh  not  always  applied  to  corresponding  expraasions; 
IhnB— 

tla'to-tni,  knife,  i  a.,  cntting  tbin^.  llBkqiu'ts-fini,  platter, 

pa'to-Cm,  needle,  i^.,  piercing  thmg.  a&'-tsn,  basket. 

tli'tc-tB»,  saw.  noqyl'm-fK*,  belt. 

Qe'ito-^n,  salmon-knife.  n'ku'p-fait,  doer. 

tca'msn-fni,  matting  needle.  t«etEipe'tl-f  kh,  neet. 

Qok'O'ls-fsn,  herb  or  root  basket.  k'w6'Hk'-(B?i,  for. 

tsi'Is-tsn,  horn.  cQpa'lB-tm,  iron. 

nnkwiye'utl-tsn,  ashes.  nokne'tcim-fzn,  voice, 

hn'm-taa,  a  ccTerlng.  tzn'mk'-CKTi,  Boissors. 

sqO'm'-tm,  madidne-man.  toqn'D-txn,  arm. 


AQENT  NOUNS. 
These  noons  are  difleiently  formed  from  the  coTresponding  class  In  the  N'tlaka'> 
pamnq,  which  takes  a  snffiz  in  -vti.    Here  we  find  the  particle  pieflzed  and  quite 
diflerent  in  form ;  as — 

nflqakQilBC,  a  shooter,  from  kuilao,  to  shoot 

naqaplpl'at^  a  hnnt«r,  „     pla'totlorpipia'totl,  to  bunt 

nflqstxkw'nn'p,  a  digger,  „      tEkwn'n'p,  to  dig 

nQqtse'tiap,  a  worker,  „      ti6'tEap,  to  work 

nQqte'toKm,  a  swimmer,  „      t£'tesm,  to  swim 

nOqsk-ft'ttDt,  a  runner,  „     sk-fttiut,  tc  run 

Ddqduld,  a  singer,  „      slu'lii,  to  sing 

nDqsqal'aqal,  a  laugher,  „     sqai'aqai,  tohngh 

nQqcA'm,  a  crisr,  „      hBm,  Co  crj 

nttqemfi'tla,  a  dancer,  „      mc'tla,  to  dance 

COMPOUND  NOUNS. 

While  there  tue  nntneions  instances  of  compound  term*  in  the  Sk'qo'mic  Tocabn- 
lary,  the  composite  oonnotive  nonn  ia  not  a.  distingniitiing  feature  of  the  langnoge. 
An  anal;^  m  my  collection  of  words  shows  that  a  preponderating  numberof  them 
are  of  the  simple,  denotive  class  of  monosyllabic  or  dissyllabic  form.  Inooiporaticai 
or  pclysyntbeticism  scarcely  flnda  a  place  in  Sk'qo'mic,  the  compocnd  forma  paitak- 
li^  rather  of  the  character  of  the  Greek  and  Latin  compound  t«rms  in  English  than 
the  ponderous  syntheses  of  the  T)6n6  and  Algonkin.  The  new  compound  t«m 
employed  by  the  SkqO'mic  to  express  the  idea  of  a  garden  is  a  fair  example  of  the 
formation  of  their  composite  terms.  Formerly  they  bad  no  gardens  ot  tbeir  own, 
and  BO  bad  to  coin  a  word  when  tbey  took  up  horticulture.  This  t^rm  is  ni-^s*- 
taa'i,  which  is  formed  by  the  jniteposition  of  these  independent  monosyUatdc 
nulicals  which  signil;  respectively  'where' 'get,' 'fruit '  or  'r^etables,'  and  the 
whole  thus  means  '  the  place  where  one  gets  fruit  or  Tegetablee.' 

Other  examples  may  be  seen  in  the  terms  employed  to  express  the  seasons  of  the 
year,  where  we  have  the  same  simple  juxtaposition  of  independent  radicals.  The 
analysis  ot  thecompoaitetermfl  in  SkqO'micis.therefore,  relatively  an  easy  task.  For 
example,  the  word  ilnttqSyatc,  meaning  '  thumb,'  is  thus  resolved ;  sGntl  =  first  ix 
oldest ;  qO  —  finger ;  yato  =  the  composite  form  for  '  hand.'  This  last  element  is 
necossatyin  the  synthesis  to  distingniah  the  word  from  'big-toe,' which  vronid  be  thus 
written,  iMtl-^JI-oia,  cin  signifying  'foot.'  And  so  witii  the  word  for '  little  finger,' 
tavt-qii-fate,  where  saut  —  ■  youngest'  or  '  last.'    Again,  the  wmi  expeadve  of  tbe 
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noiM  made  bj  p«ople  talkiiig,  wbioh  is  Mt^'-tuvt,  li  thus  resolved  into  two  inde- 
peodent  radicals :  *nd'  -  >  name '  or '  vord,'  and  ntut  -  '  noise '  or  ■  soaDd.'  Compare 
with  this  ths  word  tei'iuwit,  which  memiH  'Doi«e'  oa  nude  by  obildien  plajing 
together.     NnmeionB  other  examples  maj  be  found  in  the  vooabuUr;. 


Grammatical  gender  is  cot  entirely  wanting  in  the  Sk'qO'mic  as  amongst  the 
N'tlska'pamaQ.  The  article  and  the  peTsonat  pionoan  of  the  third  penon  lingnlar 
-(which,  stiictl;  speaking,  is  rather  a  demonatrative  than  a  true  prnnooD)  and  ttia 
possessive  pronoon  of  the  first  person  singular  have  distinct  mucollne  and  feminine 
forms,  ThoB  ts,  '  a' or 'the' (m«Ho.), 'i«, 'a' or  '  the '  (fern.) ;  (ai  or  M, ' he ; '  a'iH, 
'she;'  (SB,  'my'  (ma»c,);  iiKn,  'mj'  (fam.).  These  posaessives,  moDOsyllabio 
tboDgh  they  be,  are  oomponnd  forms  derited  from  the  articles  m  and  tU  and  n,  the 
cbarw^ttiriBtio  element  of  the  first  personal  pronoun.  It  is  the  fame  'n  or  nt  •  '  my,* 
as  we  Bud  in  N'tlaka'pamag,  and  which  appears  so  constantly  in  the  Irregnlar'verbal 
fonns  of  the  first  person  singular  in  all  onr  Saliah  dialects.  The  nsage  of  these 
prononns  is  interesting.  The  fonction  of  gender  is  peculiar.  As  gender  is  wanting 
to  the  SkqO'mio  substantive,  there  can  be  no  agreement  between  the  possessive  and 
the  thing  possessed,  as  in  the  classic  tongnes.  The  gender  of  the  prononn  in  an; 
given  sentence  depends  entirely  upon  the  sex  of  the  speaker.  A  woman  most 
always  say  tltn,  and  a  man  iEn,  Thus,  itsn  l&m,  '  my  house,'  by  ihe  woman,  and 
tmn  l&m  by  the  man.  This  is  tbe  general  osage  of  the  two  forms.  Even  in  snch 
instances  as  when  tbe  speaker  uses  terms  whitSi  are  applied  exclnsively  to  males  or 
females,  socb  as  '  husband,'  '  wife,' '  father,' '  mother,'  '  brother,'  *  sifter,'  Jec.,  where 
the  distinct  form  gives  a  kind  of  gender  to  the  word,  Ihe  possessive  does  not  agree 
in  gender  with  the  sntiatantivo,  as  might,  on  tbe  analogy  of  cbuuiic  nsage,  be  ex- 
pected. It  would  be  imposslbla  tor  a  man  to  say  '  (Ian  tcdwa'c,'  '  my  wife,'  or  a 
woman  to  say  '  Esa  sko',' '  my  husband ; '  the  combination  would  be  ridiculous.  There 
is,  however,  an  interesting  exception  to  this  general  role.  Whenever  a  general  term 
expressive  alike  of  'male'  and  'female'  is  employed,  then  both  men  and  women 
piHce  tUn  before  the  word  when  they  are  speaking  of  a  female,  and  tm  when  Ibej 
are  referring  to  a  male,  thus:  tttn  nsn,  'my  dangh(«r,'  and  fjm  ntin,  'my  son,' 
the  function  of  the  possessive  here  being  to  give  the  gender  to  the  noun. 

Tbe  fnnctioc  of  the  article  is  quite  difFerent  from  that  of  the  pronoun,  tbe  torn 
employed  in  any  given  expression  depending  in  no  way  npon  the  sex  of  the  speaker. 
It  conforms  rather  to  claaic  nsage,  and  ila  gender  is  'governed'  by  the  gender  of 
the  nonn  it  is  qoalifylng.  But,  as  I  have  already  stated,  as  there  Is  no  grammatical 
gender  of  tbe  nonn  in  fikq&'mic,  the  division  into  masculine  and  feminine  terms  la 
rather  a  mental  than  a  formFLl  process.  Of  neuter  forms  there  are  none,  the  dlstino- 
tloQ  being  impossible  to  the  Indian  mind.  In  his  conception  every  object  in  nature, 
aqimate  and  inanimate,  is  a  sentient  being,  possessing  a  character  and  individuality 
of  its  own,  and  has  therefore  male  or  femt^c  attribntes.  The  SkqO'mic  child  leama 
to  distinguish  in  bia  mind  masculine  ■  ideas '  from  feminine  onea  jost  in  the  same 
nnconacions  way  as  he  learns  bis  mother's  tongue,  and  in  ordinary  discfinise  has  no 
more  trouble  over  his  article  than  a  French  child  has  over  his.  Indeed,  in  the 
matter  of  concord  the  use  of  tbe  article  in  the  8k  qO'mic  and  French  closely  agrees, 
but  in  BkqO'mic  tbe  article  has  usages  pecaliar  to  the  language,  being  used  in  a 
variety  of  ways  unfamiliar  to  us  In  the  French,  For  example  we  iiud  it  in  sndi 
sentences  as  tbe  following:  'netl  tB  Harry,'  'it  Is  Harry;'  'nEII  tlK  Hary,'  'it  ia 
Maiy.'  It  is  also  employed  wiib  the  personal  prononna  in  ceriain  expressions  where 
It  seems  to  have  a  prepositiocal  foroe,  thus :  'banq  mekanq  bana  tl*  ans!'  (or  la 
una,  aconrdiog  as  the  '  me  '  ia  male  or  female),  '  Will  yon  not  come  leUA  me  1 '  and 
also  wiih  the  personal  and  possessive  pronniina  generally  (see  under '  Procounk ').  It 
ia  also  invariably  placed  before  proper  and  tribal  namef,  closel.T  rearmbling  in  this 
respect  in  form  and  function  the  usage  of  tbe  article  in  Polynesian.  Besides  these 
grammatical  distlnotiuna  of  pronominal  and  demonsttallve  gender  vra  tind  tbe 
ordinary  diatinctions  of  separate  words  to  denote  male  and  female  objects, 
thni.— 

■ne'ka,  man ;  stlft'n^,  woman ; 

snekao'tl,  boy ;  atlanaiO'tl,  girl ; 

sne'wolO's,  youth ;  k-ft'mai,  maiden ; 

mama,  father ;  tci'oa,  mother; 

•e'sae,  itoole ;  ti&'at«,  annt,    , 


la  animal  terms  t  ooQld  not  dcd  thla  diatlncCioD.  When  speaUng  ol  abinuli.  If 
it  U  necessaiy  to  dlatlcgnish  sex,  it  ia  done  by  pl&cing  modilied  forms  of  the  t«niia 
for  '  man '  and  '  womui '  before  or  after  tbe  class  ward,  thne  :— 

anSawe'kft  ak-nmai'.  dog  itta'tlenni  ek'nmai',  bitch. 

E<)6cen  BD^Bw^'ka,  deer  sQCcen  stla'tlenai,  doe. 

In  this  respect  the  SkqO'mla  agrees  olosel;  with  tbe  ITtlaka'pamuQ.  In  both 
dUlecta  It  ia  observable  th»t  the  iDodiQcatioD  of  the  qaolifyicg  word,  tbongh  an 
amplidcation  of  it,  differs  from  that  which  marks  the  plural.  The  reason  of  the  redu- 
plication here  in  not  clear.  There  are  a  few  terms  used  of  male  and  female  alike 
without  distinction  of  form  in  the  use  of  which. if  there  is  a  possibilitj  of  ambiguity, 
the  pronominal  forms  tai  and  d'tli  are  added,  thus  : — 

Bt&O'tl,  child.  wa'nim,  orphan. 

■l&'atEn,  widow  (a'tli;.  sl'yO,  lover. 

„        widower  (tai). 

Cask. 
The  Sk-qo'mic  noon  agrees  here  with  the  N'tlaka'pamuQ,  and  ordinarily  nnder* 
IfOeg   no  modi&cation  for  case.      In   certain  eipresKioni   modilied   forms   of  the 
infleotiooal  personal  pronouns  an  added  to  a  word  to  mark  possession  or  ownersbip, 
M  in  the  Ntlaka'pamaQ,  tbna : — 

tsn,  tlBn,  or  'n-I&m,  my  house ;  Iftm-tcit.  our  bousB ; 
tE-l&m  or  E-Iftm,  th;  boose ;  I&m-yap,  your  bouse ; 
(tB)  Iftm-s,  bis  house ;  (ta)  Um-s-wct,  their  bonse. 

There  is  a  very  close  resemblance  here  to  the  N'tlaka'pamng,  tbongh  some  of  the 
pronominal  elements  differ  and  tbe  '  present '  and  ^  absent  *  forms  of  toe  prononn  ar^ 
wanting  in  the  tik'qo'mic. 

The  object  noun  when  not  the  name  of  a  part  of  tbe  body  Is  invariably  distinct 
^m  tbe  verb,  and  undergoes  no  modiSoation  whatever,  and  comoMnUy  follows  the 
verb  as  in  English,  tbos : — 

nB-qOI'-nflq-fl&s  tBQ  sk-umAi',  '  he  killed  my  dog ; ' 

nO'w6t  yQ'itl,  'they  are  making  afire;' 

mS'aka  tEn  ja'slauk', '  give  me  my  bai ; ' 

nE-hOi-nQq-QB.9  tBn  l&m, '  he  haa  completed  my  house.' 

When,  however,  the  object  affected  by  the  verbal  action  Is  a  personal  pronoun 
Other  than  the  third  persons,  or  is  a  nonn  descriptive  of  a  part  of  tbe  speaker's  body, 
then  the  object  suffers  modiScation,  and  is  incorpoia,ted  in  the  Terbal  synthesis: 
But  this  incorporation  is  of  a  mnoh  looser  character  than  in  the  typical  Incorporative 
tongues  or  even  in  the  kindred  dialect  ot  the  Ntlaka'pamuq.  In  the  latta:  the 
incorporated  object,  both  noun  and  pronoun,  is  placed  between  the  stem  of  the  verb 
and  the  petsiral  inQection.  In  Sfcq6'roio  tbe  verb  stem  and  subject  pronoun  are 
fclnajs  found  together,  and  the  object,  whether  noon  or  prononn,  is  added  to  these 
terminally  as  a  suffix,  thus :— 

NouM  Objbot. 

tclo-s&'k-  aiyan,  I  hort  my  ear ;  toin-si'k  mb,      I  hurt  my  foot 

tcin.sl'k-.o«,  „        „      face  tcin-si'k-AiMite  „  „  neck  (aide) 

tcin-sft'k  gate         „        „      band  tcin-slL'k'-jlini'f  ,.  „  chest 

tcin-sa'k-'Jif  „        „      nose  tcin-G&'k--nii  „  „  etbow 

toio-s&'k  -atia       „        „      forehead  tcJn-Bft'k--i(il  „  „  head 

ttnn-s&'k'-Jtt         ,.        ,1      mouth  tcin-s&'lc-ijii-^afe  „  „  Bnger 
tcin-s&'k'&l'jtn      „        „       arm 

Pbohouu  Object. 

tcin-tlS-<M'«i,  I  love  thee.  tcit-tli-tS'ieU,  we  love  you. 

teiD-tle-ta'wit,  1  love  yon.  tcit-tie's-ffi«f,  we  love  Uiem. 

'a-tlis  tai  or  tB  mcnl'tl,  I  love  him.  tcit-tles  tai  or  ts  mEnl'tl,  ws  love  him. 

'n-tl^  ft'tli  or  ft'tli  mEnl'tl,  I  love  her.  tcit-tles  &'U1  or  ft'tli  mui'tl,  we loveber. 

"D-ties  Its!  msnEDi'tl,  I  love  them.  (nB-)tl£-ftsd'(,  be  loves  me. 

Uit-Oi-tt^mi,  we  love  thae.  totq-ilt'i-tam,  be  loves  UuM,  ~  , 

X.oogic 
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teap-a^tWt-tam,  he  Iotm  yoa.  Icap'tlf-tti,  70a  love  me 

tDE-)e'aq-tlei,  be  Ioim  them  alL  tct^tli-tUHnial,  yon  love  oe, 

(nK-yiWal*  (tai),  be  loves  him.  tl6-«(«.(M-6't8l-wSt,  they  love  me. 

tcQq-tlfi'-ftir,  thoa  Icvest  me.  fM'^-Q&-tl£'itQm,  they  love  yon. 

toOti-M-itB'muti,  thou  lovest  na. 

The  Sk'qOmic,  in  oommon  nith  most  of  onr  native  tongnes,  !■  rich  In  lynoDyms 
and  lynonyiooaB  eipreasions.  Nearly  eveiy  one  of  the  above  pTooomia«l  expieMiDiu 
can  be  otherwise  rendered.    I  append  a  few  of  theM  :-- 

'n-tlfli-tcap,  I  lore  jou ;  or,  again,  tcin-tletcap,  I  lovo  you ; 

wQt-tl£s&a,  he  loves  me;  tcQq-QA-tlS  »tam  tE  et«i-wgt,  they  love  thee 

Ue-BtO'mi-ccim-ivit,  I  love  you  ;  tlSs- lean- wet,  I  love  thee. 

tum-tle-etei-tlK-nematl,  the;  love  us. 
It  will  be  observed  that  when  the  object  it  In  the  third  penon  no  inooTpomtion 
takes  place.  This  is  the  tame  as  in  the  M'tlaka'pamnq  and  other  dialects.  This  is 
dae  to  the  fact  that  the  perso&al  pronoans  for  this  person  are  yet  scarcely  differen- 
tiated from  the  demonBtrativeB  from  which  they  are  derived.  This  is  plainly  seen 
in  the  abfence  of  a  distinct  and  iudependeot  rabject  pmnoon  for  the  third  person  in 
the  pronominal  inflections  of  the  verbs.  The  Balish  dialects  are  jost  at  that  stage 
of  development  when  the  formation  of  distinct  pronomioal  forms  for  the  third  person 
talces  place.  The  N'tlak&'pamaQ  Las  a  partially  developed  suViject-pronoun  for  its 
transitive  verbs,  aod  iathos  a  stage  in  advance  of  the  SkqO'mic,  bat  neither  hu 
distinct  forms  forthe  third  person  for  the  cerfruntnii^jmifinunorf  or  intransitive  verbs. 
It  will  be  seen  in  the  above  incorporative  noons  that  the  tyntbetic  forms  differ 
less  from  the  independent  forms  in  the  Sk'qo'mio  than  in  N'tlaluv'pamnQ.  and  this 
holds  good  of  all  the  nouns,  A  few  are  derived  from  different  roots,  which  it  la 
interesting  to  note  are  often  those  which  belong  to  independent  forms  in  others  of 
the  Salish  dialects.  The  tikqO'mic  incorporative  noon  is  generally  an  attenuated 
form  of  the  independent  nono.  It  is  interesting  to  note  that  in  the  'face'  synthesis 
we  have  the  root  as  it  appears  in  the  N'tlska'pamaQ  compound.  It  is  only  in  com- 
pounds that  this  radical  appears  in  Sk'qO'mic,  and  (he  same  may  be  said  of  many 
others.  As  I  otwerved  In  m;  remarks  on  N'tlaka'pamaQ,  this  preference  for  one 
syuonymOQs  form  over  another  in  the  various  divisions  is  one  of  the  chief  causes  of 
the  leiicographical  dissimilarity  in  the  Salish  dialects.  If  we  compare,  for  example, 
the  words  for  '  honse'  in  Stcqo'mio  and  N'tlaka'pamnQ.  we  find  the  vocabulary  form 
Id  the  former  is  tdm,  and  in  the  latter  fci'ttio.  of  which  tlie  essential  root  Is  Hq.  I 
cannot  say  if  iiln  appears  in  any  form  in  N'tlata'pamnq,  but  tfi«  certainly  doej  in 
various  compoonds  in  Sk'qO'mic,  thns  making  it  perfectly  clear  that  this  Is  one  ot 
the  primitive  Salish  itMts  expressive  of 'hcase.'  Thus,  we  have  it  as  the  snfflx  In 
fie  class  numerals  when  counting  houses:  tamp-tCa,  'two  honses'i  teanmi-tlUi, 
'  three  houses,'  fto.;  also  mtbecompoandsignifying'potlatch-honse.'tla'annkanM'a. 
Again,  a  honse  with  carving  in  or  npon  It  is  called  stcn'Ma.  It  is  seen  also  in  the 
compoand  for  window  and  other  words,  I  have  dwelt  upon  this  point  rather  beoanse 
it  confirms  my  contention  that  the  only  way  to  inatitata  oomparisons  in  American 
tongnes  Is  by  the  leaolntion  of  compound  terms  into  their  constituent  primitive 
radicals.  Till  this  is  done  we  can  never  know  what  tongues  are  really  related  and 
what  are  not. 


PEONOONS. 

The 

independent  personal  pronouns  are : 

una.!; 
tK  n6,  thon. 
tai,  he. 
&'Ui,  she. 

ne'fflutl,  ite, 
no 'yap,  yon, 
tslore'-tsi,  they. 

All  of  these  may  be  used  objectively  ai  well 
form  for  the  third  persons.    I  have  fonnd  it  only  aj 

Tb  menl'tl,  he;  &'tli  mEnl'tl,  she  ;  etsl  mEnsnl'tl,  them.    Besides  these  there  Is 
an  '  absent '  form,  thus : — 

Eds,  he;  q'tlft,  she.     These  latter  forms  appear  In  suoh  sentences  as  the  follow- 
ing: DtUtnOarA-s'itMtxtfktu'tfl^,    'She  Is  ill  at  th«  hospital, otilok-bonse.'   Ibis 


B  FBOXOUVS. 

n  (fern.),  mr.  fti  ,  .  .  -tcit,  oar. 

thy.  T>ln-1.'  t.  _„•-  .«.. 


Pionl-:  tB  .  .  .  -jipijoat. 
[tx  .  .  .  -swet,  their. 


The  distinction  in  the  possesBive,  miuking  the  sbsenoe  or  presence  of  the  object 
■sen  Id  N'tUka'pamaq.  is  wanting  In  the  BkqD'mio.  In  the  latter  dialect  there  is  but 
the  one  common  form,  bat  U  possesses  amasoaline  and  a  feminine  for  the  first  person 
iingDiar.  which  is  anknown  in  N'tlaka'pamnQ,  The  tonction  of  this  gender  I  have 
already  dealt  with  oa  p.  499.  Be«idea  tsn  and  tlsn  we  And  for  thii  person  two 
other  form*  iwed  alike  tj  males  and  females.  These  are  iin  and  Juitm.  Aooording 
to  my  lufonnautB  they  oan  be  used  almost  in  any  eiproMioa  in  the  place  of  the  legU' 
lar  tBD  and  tlKi  forms.  I  found  them  in  such  expranions  as  nu-gBi-imq-iiSt  jsm 
tkuntai', '  he  killed  my  dog : '  iJlMH  sunniim,  '  my  sons.' 

onJaooUoti  with  the  verbua  atbttantivim  and  a  demoustiatiTe,  they  are  thai 
id:— 

n6tl  'n  l&mt),  this  is  my  hotise ;  nHI  sC'otl  lam  tl,  this  is  our  hotue; 
„  a-lftm  ri,        „        thy     „  „  ti  l&m-y&p,      tUs  it  your  boose. 

H  l&m-s  ti,       H       bis     „         „    „  Iftnt  s-wet,  this  istheir  bouse. 

8UB8TAirriVE  PoeSBSSIVE  PSOMOUXS. 

These  forms  are  nied  in  answer  to  such  qaestlons  as  *  Whose  is  this  1 ' 

netl  'n-Bw&,  it  Is  mine ;  nEtl  so'otl,         it  is  ours. 

„  n-swft,  „     thine ;     „    n-swBf ap,     „    yours. 

•■  .T".',Wn    '•  k™:l  ..  —-Ml.  ..  a»i». 

„     swa-s  (a  til)      „    hers ,  j  -•   » 

IHFLDCTIOKAL  SUBJECTIVE  PBOHOUNB. 

Itoin-,I.  (tcit-,  we. 

tcOq.,  tanq.,  auq-,  thou,  Plaraljtcap-,  yon. 

—  he,  she  (present).  1  wet,  etsl,  they  (present), 

ns        „     (absent).  Insw^t,        „      (absent). 

Id  the  perfect  and  tuture  tenses  and  in  eert^D  other  conetmctions  the  toin  and 
tdt  of  the  first  person  singular  and  plural  nndergo  a  modifloation  and  ohaoge  to 
toot)  and  beat  respect!  rely. 

There  are  modifloatloDS  of  all  the  pronominal  forme  In  the  conditional,  dubita- 
tive,  deriderative,  and  otboc  moods  of  the  verb.  |For  these  irregular  forms  see 
under '  7erb*,' 

COMBTBtrCIIOM  OP  PBOHOUNS  WITH  VEKBS. 
The  trandtive  verb  forms  are  not  Jn  Sk'qO'mic  distinct  from  the  intiaDslUTe  aod 
verbum  tubitantivuiK  forms  as  in  N'tlaka'pamuQ.  The  only  difference  between  the 
two  forms  is  in  the  third  person,  which  takes  the  chancteristio  teiminal  -«  or  -*(  in 
both  numbers,  and  this  only  in  the  past  and  future  tenses,  thus :  nE-k-6'k'6t-BS,  he 
strack  (it);  QE'k'0'k-nt-si-nw't,  they  struck  (it). 

It  will  be  observed  that  the  pronoan  in  Sk'qS'mlc  precedes  the  verb  in  regular 
consttnotions ;  in  N'tlaka'pamuQ  it  follows  it.  In  certain  constructions  the  pronoun  is 
placed  after  the  verb  in  Sk'qu'mio.  When  so  placed  a  different  sense  is  given  to  the 
expression,  thus :  'N&m-toin  tlatown '  means  'I  am  going  to  town,'  but '  tein-nAm  tla 
town '  means,  on  the  contrary, '  I  have  been  to  town,'  or,  I  am  going  back  from  town.' 
Again,  in  answering  a  question,  it  is  osoaUy  suffixed  ;  tiias  in  answer  to  the  qneetlon, 
*  otouq  Esk'Oi  t ' '  are  you  sick  I '  the  answer  would  be  C'<)-eeim  xjiA',  or  dioiUy  i'i-Uum . 
In  sod)  instanoes  the  vowel  is  always  changed  to  a.  This  applies  equally  to  the 
plural  form. 

IltTEHKO0A.TITE  PBDKOUI'. 

/ai..«,i..\  OABtt  _.    ,  fsaat  kflSn»-tas  UJ  who  made  or  did  that  t 
(Singular)  SoUI  whol  |,(^j„ ,  ^^^^^^j,^,  whoisthatf       ,o|e  ' 
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(Plual]  80wat  t  who  I  BOnmt  kae'tei  ?  vho  are  those  T 

■t&mT  what?  St&m  k'He'-flft-qoistanq  I  what  are  jod  eatlngl 
which?  n'ntca;  nBtlu'ntoakMe' Uml  which  is  joor  house T 

BXFLBXTVI  Fbosounb. 
nOmOt,  self. 

tcia-krOk-nOmBt,       I  Btrnok  myself. 
DB-k'Ok'-nAnJIf,  he    „      himself. 

tcit-k-Ok'-»ftmi)^,        we    „      oorselrea. 

Dbhokbtbatite  Pbonquhei. 


hfttl  ti  l&m,  that  OC  this  hooBe  is  good. 

ti  na  l&m  h&tl,  this  or  that  is  a  good  house, 

bab&'tl  e'tsi  Biwe'Bka,  these  or  Utose  mea  aie  good. 

Dr.  Boas  baa  leoorded  the  forni  totl  ae  '  tMt,'  nitl  or  netl,  as  I  write  it,  is  a  oom- 
ponnd  term,  and  signifiafl  ■  it  is '  ot  '  this  is,'  or  '  that  fs,'  ne  being  a  form  of  the 
perhtm  mtftontfttut.  He  has  also  leooided  in  his  short  vooabalarj  of  the  Sk-qd'ouo 
In  the  Sixth  Beport  on  the  tlorth-Westem  Tribes  of  Caoada,  1S90,  niaKnllne  and 
feminine  forms  foe  'that,'  tt'iOtl  (masc),  fS'nUl  (fem.)>  I  have  boon  unable  to  dis- 
GOTOr  these  myself  in  the  Sk'qo'mic. 


NUUEBALS. 

Cabdinals. 

Of  these  there  are  sereial  olassea  as  L 

Q  N'tlakft'psmuQ,  but  they  are  differently 

formed.    The  oommon  caidlnal  numbers  ai 

re:— 

1.  'ntco 

The '  teens '  follow  regularly. 

3.  k'nt» 

20.  QoUto 

8.  tcft'nit 

ai.      „       Ikwl  "ntco 

4.  qau'BtsEn 

The  others  follow  r^nlarly. 

6.  tse'ateis 

30.  san'qnaoa,  tlo'qca 

6.  t'a'qatc 

40.  qaa'BteKica 

7.  fft'qOsato 

BO.  auk-toa'oa,  tln'k'Ca 

6.  t'qato 

60.  taqmn'tlca 
70.  tsuko'lca 

9.  tssM 

10.  O'pBD 

80.  t'kn'tcicB 

11.  o'pm  ifcwl  'ntco 

no.  tssAw^te 

12.      „        „     a'nos 

100.  natcftwito 

OaniNALB. 

With  the  exoepUoa  of  '  first '  and  '  last '  the  ordinals  do  not  in  Sk'qa'mlo  dlfier  In 
form  from  the  cardinals.  For  '  first '  they  say  ySmt'n,  and  for '  last '  tbcy  use  the 
term  Sant  or  avt. 

CiABa  NuMBOALB. 
The  following  forms  are  employed  when  counting  houses  llioagh  not  ezolusively 
so ;  and  it  would  appear  that  the  younger  people  nse  the  ludqiendent  forms  as  often 
as  the  oompQril«, 

1  hoose  n&'tcatnQ. 

2  houses  s&mptDQ  (a  shortened  form  ot  sAmpaatnq). 

3  „     tcanitntaQ. 

4  „      qauEtaenautiKi. 


,  V,  Google 


Foi  coootiDg  trees  thtij  un  the  following : — 


1  tree  *ntc6'wG. 

2  treea  Anf^eVft. 

3  ,.    tcouEt^'wa. 

Wben  oonnting  cutoeg  the  foUowiiig  may  be  employed ; — 

1  canoe  natcftkoitl. 

2  canMB  S^mUkOitl. 

3  „      tcacftkoul. 

It  will  be  observed  that  the  method  of  fonoitier  the  clang  nnmerala  in  the 
8k-q0'mlo  differs  consider&blT  from  that  employed  in  N'tlak&'pamiU).  I  find  no 
instance  of  rednplicatlon  of  the  stem. 

It  will  also  be  observed  that  'two,'  &c..  ie  sometimeB  expresaed  by  ft'nos  and 
■ometlmee  by  BbmAi'  or  tsftma'.  The  former  of  these  t«nnB  is  peculiar  to  the 
Sh'qO'mio  and  their  nortbem  neiKhbonrs  the  8t1atlumH,  according  to  Dr.  Boss's 
Solish  ComporatiTe  Vocabulary.  The  latter  ie  foond  in  the  BEqna'pniDQ  of  tbe 
interior,  and  also  among  the  Coast  Salish.  I  conld  Snd  no  trace  of  either  in 
N'tlakft'painntj,  where  cai'a  is  nnifonoly  employed  to  axprew  '  two '  &c. 

NUMBSAI.  ASVEBBB. 


once  natcanq.  9  times  tssEsa'tl. 

twice  ta&ma'.  10  „  O'pKiatl. 

thrioe  tcEnaaq.  11  „  slama'tl. 

4  times  qanstsna'tl.  12  „  a'nOa  tEslEmi. 

5  „      tsl'elca'tl.  13  „  tcaoit  tB  slBma. 

6  „      t'ft'qatoa'tl.  li  „  qanxtsBQ  tK  ilsros. 

7  „      t'a'qoaa'tcatl.  80  „  QMltcatL 

8  „      t'qa'tcatl. 

■  Eleven '  appears  nnder  a  strange  form  hei«. 

ADJECTIVSS. 

Tbe  regular  position  of  the  adjective  is  bt/ore  the  word  it  qoali&ea,  thus :  titan 
tB  tlk'aitc, '  bright  the  moon ; '  haha'tl  e'tsi  sIwe'Eka  '  good  aie  those  men,'  haha'tl 
slwS'ska  e'tse,  good  are  these  men.  In  such  phrases  as  '  (bis  house  is  ((ood'and 
'this  is  a  good  bouse,' they  mark  the  difference  thus:  hatl  t1  QiLI&m^' this  house  is 
good  ; '  tl  tia  l&m  hatl"'  this  is  a  good  boose.' 

The  adjective  invariably  agrees  in  nnmber  with  tlie  qualified  word,  as  iik  the 
examples  above.    Comparison  of  the  adjective  is  effected  in  the  following  manner : — 


Positive  Comparative  SaperlativE 


nao'n  hati,  l>est 


The  saperlative  is  aUo  expressed  by  tone,  the  speaker  drawing  ont  the  poutive 
forms  on  a  rising  note  much  as  llttlo  children  do  with  ns  in  Engll£. 

Of  the  two  forms  in  the  comparative  the  former  is  clearly  the  same  term  as 
'  first '  In  the  ordinab ;  the  latter  is  a  prepOBition  signifying  '  above,' '  over,'  Sic 


Tct'atl  l'm6  tce'Bk  ta  tlkaitc, ' the  moon  will  rise  soon ; '  M'ail  tcin-l-n&m, '  I 
inatgosooni'  «Mfaau$  kQisB's  me  tBulam, 'he  came  to  m^boope  OPOB)'  tlf'»irt 


.Google 
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The  iu&exion  of  the  Teib  in  Sk'qO'ntlc  is  aSeoted  partly  hj  affixing  particles  and 
parti;-  by  aQsiliary  vetbB.  These,  ia  sacb  Mntences  ai  we  form  in  BngliBh  with  the 
trrinm  nJirianiintm  and  a  noun  or  adjective,  aie :  present  tense,  6'd ;  past  indeiinite, 
t-fi'dj  petted,  t-t-Hd ;  latnre,  >i('. 

VERBUM  8DBSTANTIVDM. 
The  Sk'qO'mio  employ  the  regular  verb  of  being  characteriBtic  of  the  Salieh 
dialects,  the  aimpleEt  aod  moat  coostant  form  of  which  is  i'd  (see  below  under  the 
verbal  inSectlon^) ;  bat  beaides  this  regnlai  form  we  find  three  others,  i,  ne  or  Hitl, 
and  t-  (thia  latter  is  alao  seen  in  the  Kwalfiotl).  Thus :  B-tcin-stk'a'i,  •  1  am  aick ; ' 
»-nA-Jt'i,  'he  ia  sicit;'  nitl  U  Hurry,  'it  la  Harry;'  nitl  '«  lam  rt,  'this  i«  my 
houae ' ;  eni-t, '  it  ia  I,'  in  anawer  to  queation  '  Who  ia  that  1 '  eia-i  ax  134,  or  simpljr 
«ni-i, '  1  did,'  or  more  literally, '  it  is  J,'  In  answer  to  question  '  Who  did  it  I 

ISTBAN8ITIVE   VERBS, 
sick  n  ui'O'i,  or  tk'O'i, 

PnESBKT  Tenbe- 

Ie-tcir.-a^-Ealc'O'i,  I  am  sick. 
e-t4;Qq-iia-E8k'0'i.  thon  art  sick. 
e-QA-Bak'O'i  <tai),  he  ia  aick  (present). 
&-tia-Bak'<l'i  (A'tli),  she  ia  aick  {present). 
nE-e-fl&-Bsk'0'i,  he  ia  aick  (absent). 
I  e-toit-Qa-&9k'0'i,  or  sk'Q&k'O'i.  we  are  sick. 
S-tcap-fl&-Bsk'D'i,  or  sk'Qek'A'i,  yon  are  sick. 
PloralJ  6-wei-iia-EBko'i,  or  sk-Qeko'i,  they  are  sick  f  present). 
1  nE-w£t-aa-EBk-0'i,  OT  ak-Qek-0'i,  they  are  sick  (abaent). 
lor  nE-e-wet-aa-Esk'0'i,  or  sk'QEkO'i,  they  are  sick  (abaent). 

In  ordinary  speech  the  adjective  or  nonn  ia  not  naoally  rednplicated  for  the  plural. 
In  formal  npeech,  however,  the  plaial  forma  must  never  be  omitted. 

These  forms  maybe  called  the  regular  or  classic  forms.  It  isqnitc  common,  how- 
ever, in  ordinary  speech  to  omit  one  or  other  or  both  of  the  auxiliary  verbs  S  and 
B'd,  placing  the  pronoon  and  adjective  in  simple  JuztaposltioQ,  thus:  tcin-Esko'i, 
tcflq-Esk-o'l,  kc. 

In  the  third  peiaon  of  both  numbera  the  f<)rm  no'a  or  nan'a  is  quite  commonly 
used,  thus:  no'a  Bsko'i,  'he  or  she  is  sick;'  nO'a  ye'yBk',  'it  is  snowing;'  uo'a 
Bftlaauq-wet,  ■  they  are  happy '  (see  other  examples  below). 

Past  Indefinite  Tense.    I. 


1  nE-e-t-QO-Esk  o'i  (tai),  be  was  sick  (abaent). 
^QE-e-t-OiL-EBk'O'i  (&'tli).  ahe  was  sick  (absent). 
^e-tcit-t-ea-sak'O'i,  or  sk'wek-O'i,  we  were  sicfc. 
PlnralJ  ^"'•'"P'*'''^'"''''*''!  o''  sk-w6ktfi,  yon  w         '  ' 


Part  Indefikith  Tbnsb.    II. 
nB-tcLn-t-na-EakO'i,  I  was  aick,  nE'tcit-t-JU'EskO't,  we  were  sick. 
The  Other  persons  follow  regularly. 

The  difference  between  theae  two  tenaea  is  that  the  former  merely  makes  a  state- 
ment of  a  paat  sickneaa  witbont  implying  anything  of  the  present  condition  of  the 
P«tieDt,  while  the  latter  aignifles  that  the  person  was  sick  bnt  bas  since  recovered, 
and  ie  pow  well. 

^g\c 
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Fhbpbct  Tbkbe. 


|e-tcia-t-1-a&  Bsk-O'i,  I  have  been  dck. 
e-tcflq-t-i-Q&  EBk-o'i,  tboa  bast  been  rack. 
e-t-l-Qft  GBk'O'i  (tai),  ha  has  been  sick. 
E-t-1-utt  SBk'O'i   ft'tU),  she  has  been  Bick. 
ie-t<dC-t-i-Q&  Esk'5'i,  or  gk'QSk  o'i,  we  have  been  ilck. 
£-t<;ap't-1-fl&  Bsk'6'i,  or  skBelc'fi'i,  yon  hava  been  sick. 
e-t-w£t-1-Q&  Esk'ij'i,  Qc  Bkaek'u'i,  they  have  been  sick. 


1  from  the  '  tQ& 


Fdtitee  Tbnbe. 

Eflk-5'i-toan-itk',  or  tcan-Bk-Ksk'o'i,  I  shall  be  sick. 
xsk-6'i-tcat-Ek',  or  tcat'Uk'-GBk  u'i,  we  shall  be  sick. 
The  other  persons  follow  regnlaily  in  like  manner. 

Pebiphbahtic  FuTUfla. 
ens-ko'lD&n  Esk'^'i-Bn-Gk',  I  think  I  am  ^ing  to  be  sick. 
tcin-ep&'Qotl  EskiVi-EQ-Kk-,  I  atn  afraid  J  shall  be  sirk. 

DUBITATIVE  FOBMS. 
gnai'Eti  Bk-  'sk-u'i-ED,  I  roay  or  perhaps  I  maji  be  siok. 
„         „    'sk'6'i-aiiq,  thou  mayast  be  sick,  In;. 
„        „    'sk'o'i-Es,  be  may  be  sick,  &o. 
„        „     'sk-o'i-at,  we  toa;  be  sick. 
„        „    'sk'ii'i'ap,  yen  may  ba  siok,  &a. 
„        „    'sk-o'i-^-wet,  they  may  be  sick,  Ik. 

COBDITIONAL  FOBUa. 
HED-M-Xsk-6'i,  if  I  am  or  abanld  be  ^ck. 
Hat-flA-Bsk-o'l,  or  sk'aek'o'l,  if  we  are  or  should  be  siok. 
KQEtis  e-D&-Hsk'i)'i,  when  I  am  sick. 
KdEs  S-flft-Xak-O'i,  when  thoa  ait  sick. 

iNTEBBOQAIIVB  FOBUS  AUD  RbPUBS. 
O-tcOq-Bsk-O'i  f  are  yon  sick  (  (singnlat). 
toan-H&n-Esk'O'i,  or  simply  tcan-O&n,  I  am. 
fi-tcflq-t-Q&-Bsk-o'[  X  have  yon  been  sick  ? 
tcan-t-M-Esk-d'i,  or  simply  nB-tcan,  I  have. 

Neoatite  Fobhs. 
hanq  Ensla'aa  kfiEoa  Esk-o'i,  I  don't  want  to  be  sick. 
hanq  Bosle'as  kQEDS  nAm,  I  dont  want  to  go. 
haoq  Oq-n&m,  dont  go. 
hanq  Sq-uam  skO  tai,  don't  go  with  him. 

MlSOELLAIIXOUB  FOBHB. 

netl  ens-u&m,  I  am  going  (in  answer  to  qnestion  '  are  yon  gtnng  t '  it  would  be 
nftni'tcaii). 

haoa  mEn  nftm-tcan,  I  shall  (determination)  go. 

nfim  tcan  Bk-,  I  shall  go  (fntnre). 

nAmxtl,  go  on. 

n&m  tnml',  go  away. 

tcdn-t-nfim,  I  went. 

nB-t-nAm,  be  went. 

tcan-tQ-nim,  or  toan-tu-nam,  I  have  gone. 

n,g  -ccT'GoOgIc 
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tcan-tekH'iiAm,  I  had  gnae. 

Bwai'Bti  Et  nfijn-m,  perhaps  I  sbtill  go. 

'n  lie  kQEDB  Ddm,  I  should  lika  to  go. 

ntUn-tcin  haoa  tU  no,  I  will  go  with  jou. 

haoSk'  mesoq  hana  tla  mis,  will  ;on  not  come  with  me  ? 

nB-ttOC  kDU  nftmi-S'iilc,  be  mid  he  was  going  with  me. 

tcin-tvOt  kOEna  nSm-e'nk,  1  said  I  was  going. 

ns-tsOt  kQBns  k-oia  snS'Bka,  he  said  I  was  a  bad  man. 

nx-tsot  kanq  mBD  ofim,  he  said  you  (sing.)  ought  to  go. 

TKANSITITE  VERBS. 
The  priudpal  tense  signs  of  the  transitive  T«b  are :  past  indefinite,  ns ;  perfect, 
I ;  fntnie,  Bk*. 

TBAN8ITI7S  Tbbb. 

to  Ettike  (it)  k'o'k-otKs. 

itijin-k'6'k-6t,  I  strike  (it).  f  toil-k-6'k'6t,  we  strike  (it). 

tcOq-k-5'k-6t,  thoa  strikest  (it).  Plural {  tcap-k-o'kot,  yon    „       „ 

(tBi)k-o'k-flt,  he  strikes  (it)  I  k'o'kot^'lsi,  thej   „       „ 

(A'tli)  k'o'k-Ot,  she  „        „ 
This  tense  is  quite  freqaently  employed  to  express  a  past  actioc,  the  oouteit 
marking  the  time  qnlt«  dearly. 

Pabt  Indbfinitd  Tsnsb. 

Ins  tcan-k'Ck'ot,  I  struck  (it). 
nB  tcflq-k-o'k-at,  thou  struck  (it). 
nB  k'6'k-dtEa,  he  (present)  struck  (it). 
nB  k-fik'Bnaqoas,  he  (absent)  stmck  (it). 
IDB  tcat-k-u'k'5t,  we  struck  (it), 
na  tcap'k'6'k-Ot,  you  struck  (it). 
DK  k-fi'k-StBswSt,  they  (present)  strnck  (it). 
DS  kOk-EnHqaftewet,  they  (abnnt)  struck  (.it). 

Ferfeot  Tesbe. 


The  other  persons  follow  regularly. 

FiTTUBfl  Tbhbb. 

{k-5'k'^tcaii-Ek-,  I  shall  strike  (it). 
k-O'k-ei-tcaq-Ek-,  thou  wilt  strike  (U). 
Bk--k-e'k-otEs,  he  will  strike  (It). 
I  k-elcSt-tcat-Ek',  we  shall  strike  (it). 
Plnral  \  k-S'k-i5t.toap-Ek-,  you  will  strike  (it). 

t  k-0'k'6tEs-wSt-Ek-,  they  will  strike  (it), 

luPBRAiiTE  Hood. 

k'Ok-o'tka,  strike  it  (singular)  k'Sk-Stka'wit,  strike  it  (plural). 

mBn-k'd'k'5t-tcan-Bk-,  I  must  strike  (it). 

mEn-k-eko'tlu,  you  must  strike  (it). 

mEn-k-S'k-Qt-toat-sk,  we  must  strike  (It). 

kOk'Stska, strike  me.  kiik-St-ttlmBUka,  strike  nt. 

Fbbbkht  Cohtinijocs  Aunoa. 
e-tdn-M-k-ok-ot,  I  am  striking  (it). 
fr-toDq-oa-k-ek-fit,  tbon  art  striking  (It). 
e-U-k-Sk'Ot,  he  (present)  is  striking  (it), 
noVk-Sk-otEs,  he    „  „  n 

nE-fifirk-Okat,  he  (absent)     „  „ 

The  plimHollowi  r^tntely.  ^  GoOqIc 


08  ilEPOBT— 1000, 

P*8T  CoKTiNuors  Actios 
tcati-t-Q&-k'0'k-et,  I  was  BtriklDK  (it^ 
tcat-t-Da-k'd'k'5t,  we  were  striking  (it 
The  other  peraoQi  follow  regularly. 

Pbbfect  Coktisuous  AcnoK. 


The  other  persocB  follow  regularly. 

Neqativx  Forms. 
faaoq  HUDk'ok'ot,  I  did  not  strike  (it). 
hsa-Ek'  Hunk'uk'ot,  I  will  not  strike  (It). 
hau-it  Hat-k  oltut,  we  did  not  strike  (it), 
banq  aaq-k  Okot,  don't  strike  (it), 
lianq  aoq-k'ok'Ots  (ens),  don't  strike  me. 

PAasrvB  FoBHS. 
tcin-k'0'k-,  I  am  itiack.  tclt-k'0'k',  we  are 

The  other  persons  follow  regularly. 
Ewai'Eti  Ek-  k-ok*- 
„   k-olf' 
Tlie  other  persons  follow  regnlarly, 

tcln-t-k'6k-,  I  have  been  struck.  t<dt-t-k'uk-,  we  have  b«en  struck. 

The  other  penons  follow  regnlarly. 


The  other  persons  follow  regularly- 

COSDITIOKiL  ACTIOK. 


&KFLEXIVB  FOBUa. 

c-k'6k--no'mut,  1  strnok  myself.         tcit-k*Ok-nu'mflt.  we  stmck  onrselve?. 


Additional  Form?. 

mEn-k'ok'tit-tcan-Ek-,  I  must  strike  (it). 

nStl  kOEs  euq  tcat-kok-6t,  let  us  all  strike  (it). 

nemntl-ka-kok'St,  let  un  strike  (it). 

nns-ka-k'ok-Otr,  let  me  strike  (it). 

nB-k-5k'-otsis,  he  strnck  me  witii  a  stick  (purposely). 

DE-k'ok'-nnmds,  he  struck  me  with  a  stick  (acddentally). 

k-6'k-ot-o-tcin?  can  1  strike  itf 

Swai'sti  Ek'  k'uko't'Bn,  I  may  strike  it 

To  bring  oat  further  the  grammatical  structure  and  peculiarities  of  i^e  Sk'qd'mlo 
I  append  a  list  of  general  eiprefsions : — 

Ensle-I  kwe  stauq.  I  should  like  some  water. 
Bn-sl£-1  kwe  e'tlen,  I  should  like  some  food. 
TR-Blp  kusns  [lEnaqfi&n  kwe  st'kAi'u,  I  should  like  to  h^re  4  hon«. 


,glc 
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tdD-kuas-nilq,  I  burnt  It ;  toin-yeDtl>Deq,  I  bumt  It  np,  i.e.,  coDsamed  it  entirel; 

tolii-k6BB-atc.  I  bomt  m;  haod  ;  tcln-kuaskena,  I  am  burnt. 

tcl'sct  I'-me  UxBk  ts  tlk-aito,  tjie  mooa  will  rise  soon. 

tcl'nti  l'-tl§Ek,  be  will  oome  bood. 

tcl'atl  tcin-l-MiD,  I  must  go  sooti. 

ene-ka'l&aa  unku  Esko'i.  I  think  I  acn  rick. 

enH-ku'lufLD  Bak'u'i-GD-&k',  I  think  I  am  goint;  to  he  s'ck, 

tcin-maqcl,  I  am  hurt ;  Icin-tl-maqtl,  I  have  becD  but. 

cell  Bsaft  st'kai'u,  this  or  that  is  jour  horae. 

han'uq  oi  han'ok-  Icetcum-auq  T  can  jou  swim  ? 

suat  kua  as  tiis  ti  7  who  made  that  1 

ensl'  nE  tis,  I  made  it,  or  >hoTtI;,  enil',  or  mEn  nna,  oi  nBtl  Qns,  I  did. 

tcin-tra-niiq  tBn  k  umoqkcEn,  I  hnrt  mj  ankle  (done  bj  »e1t). 

'o-tsa  tBn  k'omoqkoEii,  I  hnft  my  ankle  ((lone  by  soma  one  else). 

nB  I-qoI-nuq-iifts.  he  has  killed  it. 

DE  qei-Quq-ba-s  eea  Bk'nmai',  be  hu  killed  my  dog. 

DB  hu!-nuq-QA-H,  be  has  Sniahed  it. 

nE-hSI-nflq- 0^.8- wet. Bk',  they  will  finish  it. 

netl-sl  nao'Q  batl,  thiH  1b  the  best  one. 

hanq  K'sua  bb  st'kai'u,  this  is  not  your  bone. 

tcin-qi3'I-niiq  tE  mBnl'tl,  I  killed  him  (&'tll  mBnl'tlaher). 

tcin-qS'I-ouq  c'tsi  mEoETil'tl,  I  killed  them. 

'ntoanq  kDEiEs  mo  tBn  Ifim,  once  be  came  to  my  bonse. 

"utcaoq  kQKs  HE  me  tBn  lam,  once  you  came  to  my  honsr. 
,    tIe'Bk't  ti'a-tle'Bk  tBn  lam,  he  often  naed  to  come  to  my  bouse. 

tle'sk't  tcin-t-Oa  nSm,  or  tle'Bk't  kllBns  Q'a  nflm,  I  often  used  to  go. 

ii6'a  or  riau'a  qeaqolBm,  be  or  she  ia  laDgbiag-. 

no'a  qBm,  he  or  she  is  crying. 

cQ'a  lo'lBm  01  yDWH'nBm,  he  or  ahe  ia  singing. 

plnaq-Oa-a  te  i  skOa'lEwaD,  ahe  is  aad ;  verbatim,  she  has  a  sora  heart, 

toin-pBna-nOq  ta  a  akfU'lXwan,  I  am  tad ;  terbatioi,  I  have  just  got  a  sore  heart. 

tcin-e'-apls  tK  a  skOalBwan,  I  am  alwaya  aad;  vn-batin,  I  am  holding  a  sore 
heart. 

e-tol't-t-G&  IQ'lRm,  we  have  beea  rit^lng. 

&6'b  aStnnq-wet,  tbey  are  be^ py. 

netl  tlfl  Haiy,  it  la  lUry, 

neU  tB  Harry,  It  la  Banr. 

mS'aka  tiEn  y&'ilank',  give  me  my  bat- 

nS'wet  ya'itl,  they  are  making  a  fire. 

yS'IUkfta',  make  np  the  Are. 

banq  mekanq  han'a  tlB  una  t  will  yon  come  wltb  me T  (woman  speaking). 

BB-t-UB  tiEtlBmoq,  it  baa  been  rainbig. 

6-tcuq-ua-kuilic  ts  sQecen  T  did  fou  shoot  a  deei  I 

DQk'ttKk'  kwe,  it  ig  dark. 

nO'a  tS'Bk,  or  (e'kuaiek,  it  la  cold. 

nukqE'qBu  or  EsqB'qBo,  it  Is  frosty. 

ye  yBk-,  it  is  snowing. 

□B  mBn  tia'tlum  kui  tci'laqtl,  it  rained  all  yesterday.     (In  speaking  the  llrst 
syllable  of  tia'tlum  ia  drawn  out  to  mnrk  conlinuil;  of  action.) 

stam  k'ue'-aa  Qoistsuq  ?  or  itam  kQa  qoistauq  1  what  are  yon  eating  ? 

tcln-ktiatc-nflq  kwlkwukwent,  or  kiikwentl  uiikaatr-naq-QEL-n,  I  saw  him  a  long 
time  ago. 

nB  u'ntca  koBtl  no'a  ca'  or  nana'  f  where  do  yon  live  f 

OSletEn  tai,  he  ia  a  white  man. 

pBk  stUmd,  ahe  la  a  white  woman. 

yutl-ka,  light  a  fire. 

yakOEtcp-ka,  mako  np  the  flie. 

ban'Bk  hauq  aum-nuq  ?  can  yon  smell  It  1 

(N.B — It  will  be  noticed  In  all  these  questions  that  the  Sk'qii'mic  invariably  nae 
the  negative  forms  '  can  yon  niH,'  Ice) 

tcin.«tcnat  kGe  lo'lEm,  I  know  how  to  sing. 

k-eq  tSn  alel,  I  bare  some  blankets ;  vtrbatita,  ^enty  mj  blanket*,      f--  i  ^ 
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i'sjiiiB  tBn  BC'kai'u,  I  hare  two  hoitea,  mrbatim,  two  1117  honw. 
hanq  BQBuaa  'n  anukui'tl,  this  is  not  my  caooe. 

tditEnt»<3t-tcaq  kuBB  e-u&«k  O'i,  or  h&tl  kfiu  tdltantsot  kuHs  e'flft-ako'l.  whan 
joa  ore  sick  ;od  should  take  medioine,  or  it  !■  good  to  take  medjoins  whan  jon  ant 

o-tcQq-Bsk-o'i  t  are  ;on  sick  T 

Jia-tOD,  I  am. 

5-&ak'u'i  7  is  ha  sick  1 

6-tcuq  kiji'al  I  are  7011  w&nn  I 

k'QatlEB  kQEs  kuall  Bk  kOailBs  D&m-tcIt-Ek-pI'atQtl,  or  pipla'tfltl,  Et  It  is  fine 
to-morrow  ««  will  go  out  hnnting. 

k'anq-tlu::k  satcit-toml-toin,  if  70a  come  I  will  give  It  to  ;on. 

Bsk-o'l-tcon-k'  BKnhSts  tl,  if  I  eat  this  I  shall  be  dck. 

ok-hanqkQatl  t&nina'  I  is  your  father  dead  !  E«rfra^«,  ianothe-who-caTed-for-yoit 
gone  by  ? 

ok-  haaq  k'dtl  ti'tll  niua'  1  ie  ;our  mother  dead  T  terbatin,  is  not  Bhe-who-lored- 
you  gone  by  7 

uB-sOatl&m  tir  whole  hoiue  ii  that  7  (N.B.— If  hoiue  be  distant  fromipeakflr,ba 
add*  ena  =  yonder.) 

ok  Osme'  or  otle'tlBk  I  Is  ba  oomlng  7 

«-6k'  tletlEm-uq  I  art  thou  ooming  1 

tle'Bk't  tcin-iia  XBko'i,  I  am  often  sick. 

6lB-ka  (from  preposition  Ois = in),  go  in. 

kuBna-e-SiB  nH  Biqai'ta  ts  sne'ka  na  tB  slane'n,  When  I  came  In  the  man  waa 
lying  on  the  bed. 

kiiBns  DB-niim  otsk'  e'kne  tcinku&tc-nQq  na  tai,  when  I  went  out  I  saw  him  thva. 

'nsle  kuES  Dim,  I  want  to  go. 

mG'Bka,  come  along. 

toin-uB  ako  tmt  etiiatc.  I  live  or  stay  with  my  parents. 

tcin-ua  a  tlBn  (or  tEn)  tsa'aCa,  I  aty  here  with  my  aunt. 

t^n-na  na  llHn  taaitta,  I  stay  there  with  my  annt. 

haaq  nIClBS  Enaua  'n  skapite'uq,  this  Is  not  my  knife  (oarving). 

tse  tlsn  sok'oi  na  tEn  lam,  I  have  some  fish  in  the  house. 

tse  tlan  (fern.)  amets,  1  have  some  meat. 

6'pEn  te  lam  nB  tanu'k-uii-n,  t  have  built  ten  bonsos. 

BOlaka  tcatu'tl,  let  us  make  a  canoe. 

HKska  nSmnSm,  let  ns  go. 

Hoi  kStl,  aU  right. 

ESi-ka  Hois  tw,  let  us  eat  it. 

Hoi-Bk-it-etlEk-oan,  let  ns  make  moccasins. 

totau  tB  tlkaitc,  tbe moon  is  bright. 

tcin-BtlskaJs  tB  stBlmuq,  I  know  that  person. 

ml-ka  tB  Bt'kat'u,  give  me  the  horse. 

6'toflq  tso'tlEm !  are  yoa  cold  ( 

fi'-tofiq  k-oi  or  kaak'Oi  I  are  yon  hungry  1 

tcin-Btlskals  kue  rk'o'tut,  I  know  bow  to  ma. 

QBn-  or  HBn-Btlskaia  kEs  u'ntoa  tcin-k-sft'tclt-toml,  if  I  knew  where  it  was  I 
would  give  it  to  you. 

Qes  or  BBS  tlii'tlamQ  hauq  ui-n-nlim,  if  it  rains  I  shall  not  go. 

Ho'iska  tB  so'k'di,  eat  some  fiih. 

muauka,  come. 

Btiat  touq !  who  are  yoo  7 

na-tcan-kwults  or  ne  tcan-kwatlan,  1  have  eaten  my  dinner. 

tEml',  go  away.   ■ 

me'ka  5' is,  come  in. 

amo'etka,  sit  down. 

m'eka  ii'ia,  tHn  lam,  come  into  the  house. 

tcin-kwatc-nQq  tB  sk  umat',  I  saw  the  dog. 

me'kft  tca'tla  o'is  tBnlam,  come  into  the  house  for  A  little  while. 

hauo'q  n^m,  don't  go.  j 

haao'qme,  don't  come.  , 

tcin-k'u'k  dt  na  tE  smoa,  I  stmok  him  on  the  head.  / 

kok-nen  ctlBn  kwatc-nOqaan  i'tli,  I  saw  h«r « \(mg  Hob  sgo.    Cdoo  I J 
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'n  gli  ktlKDB  nAin,  I  want  to  go. 

hauq  ku&sle'as  kQEns  nAm,'  I  doa't  want  to  go. 

DBtl  untCA  koee'  afkai'Q  ?  which  U  Tonr  horse  1 

toin-tEm-csn,  I  cut  mj  loot  (with  axe). 

toin-tlatc-CEu,  I  cat  017  foot  (with  gla^,  Jcc) 

tcin&'tli,  I  hurt  TDyself . 

toln-maqtl,  I  am  hnit. 

tcin-i-u'tlEDa,  I  made  him  eat  it. 

tciQ-l-kwl'at,  I  made  him  stop  j 

tdn-mBD-tciBED,  I  made  faim  go. 

tcio-l-em  kusns  u  weak  tKn,  I  made  bim  tell  me. 

FABTICLES. 
Of  the  Titriou*  particlee  which  eoter  ioto  verbal  syotheses,  there  are  two  in 
pacticclar' which  deserve  Bpecial  mention.  These  are  ns  and  nHq.  The  former  bu 
an  independent  existence  as  an  adverb  of  place,  meaning  '  tbere.'  The  latter  I  have 
not  toand  apart  front  the  verb.  The  functions  of  na  are  varions,  and  at  the  oatsat 
of  my  studies  I  found  it  verj  perplexing.  It  marks,  like  tlwn  in  the  N'tlaka'pamoQ, 
the  absence  of  the  thing  spoken  of ;  it  marks  absence  in  the  third  peraooB  when  the^ 
are  the  enbjects  of  conversation,  and  it  marks  absence  in  time  also,  both  psst  and 
fntnre.  Aa  may  be  seen  from  the  paradigms  ot  the  verbs,  It  is  the  regular  sign  of 
the  past  indeflnite.  It  occqi*  also  in  such  pbiases  as  'next  morning '  =  )M-i0d'i2. 
iViii;  was  also  a  source  of  trouble  to  me  at  Urat.  In  writing  down  phraaes  to  bring 
ont  the  Inflections  of  the  transitive  verb,  I  found  that  the  verb  'to  strike'  (kSkiUKi) 
was  sometlneg  given  to  me  as  Ho'lcSl,  and  sometimes  as  lee'li'imilq.  The  explanation 
given  me  by  one  of  my  informants  only  misled  me.  She  did  not  understand  it 
herself.  After  Enrtber  study  and  comparison  it  became  perfectly  clear.  I  found 
that  it£^  could  be  affixed  to  every  transitive  verb.  Its  functions  are  exceedingly 
interesting.  Primarily  it  is  employed  by  the  speaker  to  iofoim  yoa  that  the  action 
spoken  of  took  place  without  bis  knowledge  or  obaervation  if  done  by  yourself,  and 
if  done  by  some  one  or  something  else  without  your  knowledge  or  observation  aa 
well.  For  example,  I  may  desire  to  tell  you  that  I  have  hurt  my  face  when  doing 
something.  If  you  are  present  at  the  time  and  observed  the  accident  I  should  nse 
the  form  l-tciti-maqtles,  but  if  you  had  not  observed  it  or  were  not  present  when  it 
happened  and  I  wished  to  tell  yon  of  it,  I  must  then  say,  e-tain-neq-magtl-et.  Again 
if  I  desired  to  tell  you  that  I  killed  ten  deer  yesterday  when  yon  were  absent,  I 
must  say  tevn-tBi-mig  le  Hpxa,  da.  Or,  again,  I  have  just  been  told,  it  may  be,  that 
some  one  dear  to  me  is  dead  of  whose  sickness  or  condition  I  was  unaware.  I  am 
sad  in  consequence.  If  I  am  questioned  as  to  my  sad  looks  I  mnsC  reply  tcin-pana- 
niq  (b  a  tkia'tavan,  which  literally  rendered  means, '  I  hava  just  become  possessed 
of  a  sore  heart'  If  my  sadness  hod  been  of  long  standing,  the  cause  of  whioh  was 
known,  I  should  answer  tcin-e-apis  t&  a  skua'lGwan,  which  signiQes  that  '  I  am 
holding  all  the  while  a  sore  heart.'  Other  interesting  examples  may  be  seen  in  tho 
story  of  the  SmailBtl,  given  below,  page  G12,  in  the  Sh'qD'mio  text.  In  the 
paragraph  where  we  are  told  that  the  giil  saw  the  following  morning  that  the  slave 
bor«  the  imprints  pf  her  painted  hands  upon  his  shoulders,  the  nB-kwatc-n^-u&-i 
form  is  employed  to  express  the  earprise  of  the  girl  in  learning  that  it  was  the 
slave's  back  she  had  painted.  She  had  placed  her  hands  knowingly  on  her  ntvishei's 
shonldeis  in  the  dark  without  knowiag  who  be  was,  bence  niq  was  necessary  here 
to  mark  her  surprise.  Another  good  instance  is  seen  in  the  paragraph  which  tells 
of  the  chiefs  perception  of  his  dau^ibter's  condition,  n6^  beii  g  necessary  here  to 
show  that  up  to  tbis  time  he  had  been  unaware  ot  what  had  taken  place.  A  somewhat 
different  function  it  given  to  it  in  the  conclnding  paragraph  of  the  siory,  where  the 
descendants  of  the  pair  ore  said  t-t  be  very  keen-see □tt'd,  the  term  nS^-e'inks-wSt 
here  literaU.v  meaning  Ibat  they  are  aMe  to  smell  things  before  they  can  see  them 
or  otherwise  know  of  their  presence.  One  of  my  informants  gave  me  to  understand 
that  tho  'k'uk'ot'  form  signified  an  accidental  striking,  and  that  'kokKnQq'  Implied 
intentional  or  purpotive  action.  I  doubt  mucb  if  this  is  correct,  as  the  language 
oonttuns  regular  purposive  and  accidental  particles.  For  eiainple,  if  I  desire  to 
say  that  I  have  been  purposely  struck  by  some  one,  I  must  use  the  following  form  of 
expression :  'ntsa-ansas,  '  he  struck  me  with  intention.'  If  accidentally  struck  then 
1  say  'ntsa'Domcis,  '  he  accidentally  sttnck  me.'  Again, '  he  struck  me  with  a  stick  in- 
tentionally '  is  rendared  bj  nx  k-ok-oltiB ;  bnt  ■  ho  stniok  me  with  a  stick  by  accident ' 
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hj  nB  k'uk'-nnmcis.  Another  interaating  dLitluction  betneen  acoldental  hurt  to 
tnf  Fetf  by  tut  owq  action  and  intentional  hart  by  the  action  of  some  one  eUe  ia  thus 
marked.  If  I  wont  to  say  I  have  occidentsU;  litinck  my  eye  and  hart  it,  I  t&y 
tcin-tsa  tEn  k'olOm,  bat  if  I  want  to  say  some  one  else  haa  purposely  Btmok  my  eye  1 
moat  use  the  eipreKiion  'ntaa  tEn  knlom.  The  difference  of  action  is  here  brought 
out  by  the  use  of  different  pronouns.  niKn  appended  to  a  verb  stem  signifies  duty  or 
necessity  =oiir  '  mnst'  or  'ought.'  Jteforo  leaving  the  particles  It  will  be  of  interest 
to  point  out  that  JiD'i,  the  reguhir  sign  of  the  future  in  the  N'tlaka'pumnQ,  is  seen  in 
the  Sk-qo'mic  dialect  only  in  cibortative  forms,  while  the  Skqo'mic  future  ri-  is,  as 
far  aa  I  am  aware,  wholly  absent  in  the  K'tlaka'pamuQ. 

PREPOSITIONS   AND   PRBPOSinONAL   PHRASES. 
On  the  beach,  «a  tE  ai'atlk-. 
Near   "     " 

On  a  atone,  na  tE  smant. 

Put  him  to  bed,  nSm-ka  aqE'ts ;  verbatim,  send  him  to  He  down. 

Put  it  in  the  hoi,  nHEoka  tE  kQa'kOa 

Tinder  a  stone,  lai'fititl  tB  smant. 

Across  the  water,  IE  c'tlaka  tE  stauq. 

On  the  other  side  of  the  waier,  tB  i'tlaka  mini  ta  stanq. 

Fax  over  the  water,  nE-quta  tta  tE  stauq. 

Up  in  the  sky,  istccti  skwai'yil. 

I  fonnd  it  near  the  house,  tcin-ya'kEn3q  tcit  tE  l&m. 

Sit  on  the  ground,  amo'etka  tia  tE  tE'muq. 

Coma  to  me,  me'ka  tla  ans. 

Oo  in  the  house,  o'uhi  tE  Um. 

Oo  in,  fl'f«-ka, 

CONJUNCTIONS  AND  CONJUNCTIVE  ADVERBS. 


Te  Smai'lStl  SOqn>lu'm. 
(The  wild-people  story.) 
'ntco     Bla'm     nB         A'tll-mEns    n&ah'   IE      skwiu'ts.    Ts    ekwlu'ts  nu&-Esqai'ta 
One      chief      once     daujLter-his  lived  (and)  a  slave.      The   slave       he  is  lying 
nstn't'k'  na  tE  watcEns  &'tll-k&'miu.  TEskwlO'tanu'a-ndm      ckqe'ta.  Nfim 

crosaivise  at  the  foot-bcra  maiden.  The  slaTe  he-is-going  to-ravish-her.  He  goes  to 
&'tl!  kfl'mai.  KE-pGDa'q-dA-E  tE  sC^'aQotL  Hanq-wetl  sku'stEs  kQEs  tE  skwio'ta 
maiden.  She-conceived  a  child.  Not  yet  she-knows  that  the  slave 
e'-fiO-tle'Ek-nnt.  NE-kwa'tc-nilq  il'fi.a  tB  sia'm  kOesK's  Esko'I  a'tll-mEns. 
had-been-coming-to-ber.  Me  perceived  it  the  chief  when  sick  danghter-hia. 
S'kwina  pEOB'q-&A'B  tEs        £'aqi.  Stliis  ktlEs       tEl-D£k-Q&-s-Bk-       saa'tEB 

Then     he-gets-it  the-his  shame.    She-deaires  that  she-n ill-find-out      who-lt-is 
kas-hEmGnit.  Yatlsis  qE'1-tlis  tE    naqto  tB  spK'UtEn. 

that-may-have-been- coming-to -her.      So  she- makes-paint -on  the  hands  the      paint. 
N&'tlmQtl  kdEsB's  ktlattc'Ek    c'kwiua  ka'atctcantBi  nok'qE'l        tE 

Therefore,  when    he-may-oome    then    she-puts-her-irms-about-him    marking     the 
Etaitcs.       NE-k'ijil'il         uE-kwa'tc-nQq-Q'A-s  kQxs  n^tl  tE  skwIG'ta      DB-sqoqE'l 
back-hls.     Next-morning        ebc-percclved         that  it  is  the  slave      she  had  marked 
tE       staites.    KilBSE's  tEln'Bk-na  s  tE     tcCtct  e'kwina   u'iyutlstBa     tE  snnksi'tl 
on  the  back-his.      When    hc-fin<ts-out  the  father     then    he-takes-into  the    canoe 
He         mEni         1 1£  akrlO'tt.    e'kwinR     e'son-wet.  EmEn-tso'auq         tx 

the  dangbter-hiB  uid  the  ilave.    Then  they  paddle-oS.     So-then-tliey-BTrive-at  a 
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Bt&t&'qala.      e'kwiiia  kom-Btum'Wet.        Smm-tjJ'BntBin.  Uanq  eMt  Kskai'a 

Terj-lofty-oUff.     Then  be-landad-them.     Bo-then  he-lelt-them.     Not  Mijone  kiion 

qMwiUs'nxin      e'kwlii&   wet-kqai.  SmBn'Ofim-wSt  6'maa.        gmm- 

io-whiit-maitner      tten      thay-got-np.      So -then -they- weat,- on      vftlking.     So-then- 
t(£'&uq-w6t        tu  qi'toti.        BmBn-ti8t&>-w3t    ta   Iftm-svet.  6     me   koq&'t 

tbey-STTiTsd-Bt  &  lake.  So-then-they-mada  a  hODBS-their.  Hete  came  msji]' 
tE  mEms'n-s-wet.  He'c6L  elcwiDa  msn-pfitwai'-wet.  i'kwina  BsmB'nnet. 
Ihe  ohildTeo-thak.  They-grow-np.  Then  th^  itMrmaity.  Then  they -have-children. 
i'kwinA  k-q^'-wSt  Ck-womfiQ.  Bskoai'  kaes  QiB  tE  anS'teKm-B-wet.  Sk-qC'mio 
Then  tbey-beoome  a  Tillage.  Never  is  lost  the  language-thelr.  Sk-qO'mi«h 
kAEs  a&-snS'toEm.  HiyB'slwS'Eka.    n&q-efi'Ek«i*et.  e'snq     nok-wS'ak'tEn 

Ititthef-spoke.  Very  tall  man.  Veiy-kaen-Mented-ue-they.  They-wesi  ondrewed-f or 
tE  yEkwal-a-wit.      Tim&-wetls(t{t'3tE    ana-s-wSt     Smai'lEtl. 
the  garmeats-th^r.     Hence  thus  the       name-tfaeii  wild-people. 


VOOABULAEr. 

grandchildren 


maiden 
gill 
little  boy 

„    girl 


vary  old  maa 

mother 

father 


dangiiter 
danghters 
sons  and  daaghters 
(colleotively) 

boaband 

several  wiTSB  of  one 

husband 
wife  when  callod  by 

hiiil>aDd  is  termed 
paienta 
gnndlatber 
gtaodmother 
grandparanU 
gnD^on 
gnnddangbtar 
1900. 


sIwg'xkaorBeweEka    i 


Bk-a'k'Bl 

Bl&O'tl  (ae'aQOtl  pr«- 

uatal  term)  uncle 

BtQt&d'tl  etep- father 

nuk  S'yB  step-son 

(tai)HEaiAqwa,  etlmdt  step-danghtei 

(plu  BtltlmOt)  son-in-law 

(a'tli)  BEQIOqwa,  (athar-in-Iaw 

atlmfit  (pin.   Etltl-  son-in-law-elect 

mOt)  daagbter-in-law 

k&'ulEn,  kaiu'lmuq. 
tci'ca,  ke'ia,  t&'A. 

mBn  (tzn~my). 
manmEn  (tan  =  my). 
mEn  (tlBn-my). 

-    a  =  my). 

anot's  husband 


tz&'ata  (if  mother  or 
father  be  dead  Uien 
theaont  la  termed 
aai'Sq  or  woU- 
sai'Qqatl.bat  when 
both  parents  and 
annt  are  dead  then 
the  aunt  is  spoken 
of  again  by  the 
term  tzi'ala ;  the 
same  applies  to 
uncle  also). 

sQA-ma'D. 
sM-mE'n  (tEo). 
n  (llED). 


mother-in-law 

N.B.— This  tL , ^ 

tleak*»ai'tl  it  relatlonsbip  be  broken  by 

death  of  son  or  daughter. 

ancle's  wife  siSa-tcica      ( =  step- 


I  sOq  is  changed  to 


mother). 
sfla-man 
father). 

ko'piis. 


kwoto'mps,BkO',wheu  elder  brother 

called  by  wife  nO'a.  elder  lister 
tcOwa'o.  elder  cousin  „ 

IctttcQ'wac.  younger  brother         ekAk'. 

„      coDsins  „ 

BTui'tc  N.B.— If  annt  and  anola  are  older  th»n 

ai'la,  Hii,  terBl  (taiy   P"«>ts.  then  cousins  are  termed  is>a,;  II 

.,      ,,      .,    <ft^}.      ^  ""  younger  than  parents,  A-ak: 
silse'l.  brother's  or  sistet'B  stal'atl,  ohanged  to 

B'mats.  child  soJriiiMi'U  if  mother 

F>  or  father  be  dead. 
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txDther-in-law  tdmA'a  (pla.  teimtd-  eld«at  child  or  Bnt-  oiatl. 

■Utcgr-in-law  tdma'o  (pin.  teimtei-  aeoond  child  o'nSDtitc. 

na'e).  third       „  nnwi'tL 

N.B.— Thi<  term  Js  applied   alike  to  ToongBrt  or  lut        >aat. 

wUe^  or  huBlxuid'a  biotben,  sisten,  aod      „  „      -m.    > -ui'         i.  i 

ooDilni.  bnt  when  the  oonnection  i.  broken  ,^^;-"'*  '^,"'"??,!."  *PP"^  «*«; 
by  death  they  are  no  longer  called  (fli«a'e  J*"'  )°,  '*>«  "niddle  chddrei.,  the  pKu^ 
bnt  tBHil  (plu.  (^(^i'3)  form  being  t«i«K«'(t    The  yonngw  om 

The  rehltive.  of  BUters-So-Iaw,  brother.-  ■"  '^  "^^"^  "^  oolleoUMly  u  »  «»(. 
Id-Ibw  and  cotuins-ia-law  sfe  termed  ,]gfUQg 
JHU'tEUM  (pin.  fifliid'nmt),  bot  when  OOD- 
necUon  U  broken  hy  death  of  intermediate 
relatiT«  tbej  are  then  oalled  UitaiaayOM, 
which  BiguifiM  that  both  aide*  are'  crying 
or  grieving. 

widow  Bl&'&tEn  (a'tli), 

widower  „      (tai). 

orphan  w6'nim  (H'tli  or  tt^, 

acoording  to  ees), 
lover  El'ya. 


s'ko'onk-  (tenn  of  en- 
dearment used  by 
motheiB  in  addreA- 
ing  their  children 
•t'lmn  i-id'tnf- 
my  pet  or  darling). 

s'ta'oBm  (teitD  borne 
by  children  cj  a 
female  slave  by  her 
maater ;  also  a  l«rm 
of  reproach). 


Cbildren  of  one  father  by  different  mothers  are  known  by  term  sintfS'StL  One 
half  brother  or  aiater  won  Id  say  of  another,  in  speaking  of  him,  he  is  my  rinicS'Ul. 

Children  of  first  oooiinE  are  all  regarded  as  nephews  and  nieces,  and  first  conainl' 
children's  children  are  consequently  regarded  aa  gnindchildren.  Relational  tice 
extend  with  the  8k-qO'mic  to  six  generationa  un  both  sides  of  the  family.  Theae  ore 
known  under  the  following  term* : — 


msn 

child. 

Jaw,  chin 

stwawa'ctclc. 

man 

father. 

top  of  the  head 

nukail'taiek". 

tci'ca 

mother. 

aide    „ 

nnkmlyft'wiKi. 

tS«Bl 

grandfather           o 

r  baok  „ 

Btai&'psum. 

tooth 

yena'a. 

Btcl'menk- 

»n'k-sBn. 

great-grandmother,  bridge  of  nose 

nnkan'kata,  n'cank-a. 

taa'plynk- 

great  -  great  -  grant 

kwolun. 

tongne 

mEk&la^U. 

great- grandmot  he 

eye 

k-nlo'm. 

hau'qkwienk- 

great -great -great 

month 

tsotsln. 

grandfather      o 

gumi 

smA'taana. 

great-great-great-  npper-lip 

BtceliB. 

lower-lip 

Bloats  or  tlQsta. 

•mwifc'U 

eye-brow 

so'mun. 

m(»kly    given    to 

eye-lashes 

tae-aptlBn. 

chiefs   dangbten 

ekin.hataan) 

k-Qoian'. 

and  also  applied 

,,    (of  animals) 

k-wSlBa. 

to  other  girla  aa  a 

throat 

qOmntl. 

term    of     honour  neck 

ka'naaq. 

and  praise  if  they  back  of  the  neck 

aok&'psnm. 

were    good     and  Itaclc 

staitc. 

indostrioM). 

cheat 

Bi'lenna. 

jBdhn 

stB'lmQq. 

breast 

Bk-em, 

penon 

aaiks  (= point). 

people 

tB  telB'lmflq. 

bosom 

stelkwftm. 

SwF 

Blft'm. 

stomach 

kOBl. 

YilUge 

tB  o'k-wnmQq. 

navct 

mO'qwia. 

hM? 

s-mos. 

body 

sUlau. 

face 

tii'tsua. 

liver 

tlnk-tBD. 

hair  (of  head) 

■ko'iuai. 

uEkwo'cin. 

„    <onl»dy) 

skQ'nuB. 

taonn.En,  naqta 

„     (of  animahi) 

ta'min. 

hand 

tcia'pnto,  naqio. 

biirf 

skae'intE. 

elbow 

taai'k»i. 

foisbeaa 

atOktcfla. 

Bhonlder 

dUU'mt*. 
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flngar 

niaqO'Eta  or  n& 

iqO-  dawn 

ma'tdSk   (  -  Ugbt 

Tate. 

coming). 

finger-nail 

qOlqdl'Bto. 

mining 

nUI 

tbomb 

.ftntlqoya 

t  0  evening 

nft'net 

(-eldertflngi 

«).    day 

sk&'iilorBkwiI'TiL 

ant  Duffet 

tanqo'BtKn    (-' 

the  night 

nit 

pointer'). 

kniq). 

MCOCd,, 

Bn'nawitlo'la-( 

one  IwiliKht 

tla'roi. 

before  the  middle  noon" 

tnkikw^'ya 

one). 

atlwnOH. 

third    „ 

unawi'U     C  =  ' 

the  mow 

mft'fc*. 

middle  one'). 

baU 

qflqo'.. 

Uttle    „ 

Mut-kola,  or    nnt-  ice 

■BO'fcKn. 

qa'TBto  (  *  jonnK-  frost 

Hu'qnn. 

est  finger). 

water 

etU-  01  stank-. 

thigh 

smtt'kwaJap. 

sea 

kfltlkq.K«l. 

leT 

■toie'pren. 

river 

bi'yt  stank-  ('-big 

knM 

kwinS'nkdn. 

wiOar). 

Ankle 

kwo'mOk'cin. 

lake 

q&'tctl. 

foot 

■wait. 

sole  of  foot 

ntikfl'acin. 

earth,  land 

twne'q. 

heel 

•w'k-cin. 

wind 

■pEhe'm. 

to« 

HtolepkQO'cin. 

mountain 

sma'net. 

qnO'qaOcin, 

hill 

ce'tliSs  or  stofi'tKto. 

■knll 

OBuk-. 

Btone,  TOck 

Bn&ot. 

fat,  oil 

sgus. 

tank-. 

gnta 

k-aiya'q. 

yfc'ntL 

grsaie 

Qns. 

trees 

tsnk-tsnk-. 

bMit 

Ukli,  ak-om. 

leaf 

stcS'lUa. 

heart  (M  seat  of  the  Bkua'lawan. 

sap 

ta-qumt*. 

affections) 

branch 

efkft'tco, 

blood 

BtSft'talM. 

QBOom'tooq. 

mind 

skwa'law&n. 

bark 

slai.-putt 

fkw&^mlaOQ. 

breath 

tlfttom. 

root 

dream 

■SlQ'U. 

giaw 

sAqwaL 

snE'kaitl. 

beiry 

S^wola'm. 

paddle 

Bknml. 

meat 

sm«a. 

honH 

lim. 

flesh 

■le'uk-. 

tUaunkantn'o. 

horn 

trt'iitBn. 

a  boowwithaarriiie:  Btcn'tnq. 

bow 

tO'qoato. 

upon  it 

■Vihd. 

fire 

janU. 

■alt 

tlfts'amn. 

dnden 

pe'tcit. 

aze  (itone) 

tlak-a. 

aehw 

nnkwiye'ntl-tsa. 

tx  watMSmtl. 

amoke 

apA'tlam. 
BU'itiram. 

to^ay 

tB  sis  or  tais. 

flame 

tBtd'laqtL 
ax  k-oft'fl. 

wot 

kwai'tcup. 

next  day 

flre-maUng    impl«. 

.  (ta'tcup. 

tO-mOTTOW 

tak-k-a'l». 

rn^^T^ 

next  month 

kal  ■ntoo'  tltalte. 

Bky 

Bkwai'yil. 

last  year 

kdit  pA'nS. 

0im 

■na'k-um. 

next  year 

koi  'ntco'  Belft'Dum, 

tlk-ai'tc 

good-bye 

holmBtla'U. 

fall-moon 

nn'qkntctBUk-ai' 

tc,  lightning 

t'qai'Oj. 

half-moon 

na'qsetkntc 

tE  thnnder 

inlnyft'qEn. 

tlk-ai'tc. 

star 

ko'ien. 

medicine 

t6'it. 

dontls 

sk-atl. 

medicine-man. 

SQOmtRn. 

light  (of  day) 

koa'kel. 

blanket  (native) 

■5E'o«u,  siei. 

,.     (of  moon) 

astJkai'tc. 

„       (White) 

pEk-n'lwlt. 

„    (of  itaiB) 

asko'sen. 

aeoreriug 

ho'mtEn. 

„    (of  torch,  te.) 

fg 

sk-wo'tcum. 

„    (oppodte      of  tfi'tao. 

cnmnt 

sqom. 

dark) 

daA 

tiEk-. 

nnd 

k-wEpB'tein.      >qIc 
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hnoger 

ah&'num. 

ghost 

cai'n  (  =  screeeh-ow). 

iiiffi. 

trsunder'Beliefa.') 

Ion 

lUe 

al'nnq. 

■Jlldm 

kenkiDRa'Da. 

eonl,  sp[iit 

taQatl^nuq. 

■•Mm 

BBkaie'lEa. 

Qod 

t«UlRlIL'm(  =  npperoi 

^ 

tcaualiBn. 

above  chief). 

«it«a'p. 

noiM(madebyoliil 

-  tce'anant. 

swamp 

ma'kwom. 

dren) 

■pOOB 

tcau'ai. 

noise  (of  talking) 

sna'-nsnt. 

MVp 

Btl6m. 

BCissors 

tiu'mk-tBD. 

■onow 

BB'salkq. 

needle  (weaving) 

tca'msutEn. 

joy 

Ua'taanq. 

alder-bark  basket 

pl&'ko. 

ropa 

oe'lBm. 

net 

BHOkwStdn. 

pUttar 

Uxkqai'tstED. 

tent  (of  mats) 

Btlw&mts. 

potato  (nfttiTe) 

Bkftne'Mtl. 

witch 

Bid  or  syQ. 

„     (onltiTated) 

skBDts. 

fro  it  of  the  eldei 

tse'onk-. 

spur  CMlmon) 

■Knft'm, 

sound 

kO'min. 

■now-ihoe 

k'la'lcin. 

fisli-rake 

tli'tamEn 

■tiawbeny 

s'tcG'i. 

-  Bk-u'tnksBn. 

iring 

je'liBn. 

dioal  for  nose) 

T^ 

□aklBafi'm. 

clam -digger 

sknlq. 

tew* 

nKkwo'oe. 

cbiaol 

Qohai't. 

■wmt 

yi'kwom. 

cedar  kettle 

s(um. 

taU 

Bkwa'kQta. 

cedar-plattcTS 

oapijoitL 

TOiW 

nflkna'tcimtEn. 

mifttc 

■tAS  (walking) 

ftcatc 

salmon-tnip 

tcea'k'  OT  tclak*. 

a  whUtle 

Bk'WO'kElEm. 

feast 

klfta'cEn 

nuple-tiee 

k-u'mBlai. 

knife 

tlatctsn. 

«riUow-ti«e 

qai'yai. 

needle 

patctED. 

cedai-trcB 

<J4pBijW. 

tlitotEn. 

codu 

qlpai.. 

salioon-knife 

«j6'itrtEn. 

cedsr-plattAT 

<»pir6'iti. 

nsBt 

t««tsipe'tttED. 

aldw-trea 

klO'lai. 

kwlyft'in.' 

oldBTberry  bush 

tse'wok'Bi. 

t86k-. 

Bftlmonbeqy  bnab 

vittwa'naL 

log 

kwEltlai. 

buket  (general  term)  eS'tED. 

milk 

Btilkwa'm. 

bMket      (big,      for  got'C'lstsn. 

ein'k-cin  (also  mQ- 

gathering    herbs, 

kocin).' 

&0.) 

friend 

Blal'. 

b.g 

tUp&'t. 

tar 

k-we'Ek-tED. 

W 

Bft'tsBnnI*. 

gall 

mB'sEn. 

dew 

etlsmtlKto. 

iron 

capalaCED. 

dram 

mEQft'tBi. 

east 

tiln'tauitc. 

bett 

naqyi'mtEn. 

tiltS'wit. 

ss- 

anQOs. 

north 

se'tic. 

slaawfi'D. 

sonth 

tBmtca'oq, 

box 

koa'kfta. 

round 

ce'citc. 

bwch 

tti'ntUf. 

t«'n. 

aprisg  of  the  year 

kO&'kOEsi    (  =  grow-  hnppy 

tsft'stanq. 

log  warm). 

poor 

Bstal's, 

tammer  time 

tEmkOft'BkOa'fl.tan 

lie's  I  am  poor 

tcints&'s. 

(-hot  season). 

slow 

6'yom. 

antmnn 

tetakwi        (getting  sharp 

cold).                       long 

tEcat«q(=coIdsea-  abort 

e'jOts. 
tlak'it. 

Atie'm. 

winter 

sonT*' 

strong 

I6'in. 

time  or  Kasoii 

tEm. 

k&'tBm. 

ne'ak'O'mai   (=8 

o5t  broad 

Uekft't. 

hair,  ef.  hair). 

thin,  narrow 

Bk-oas. 

feathera 

■VpiTkBD. 

lean 

tWi'tB. 

dcwr 

n'kD'ptln. 

new 

qana. 

window 

kwotc6«enao'tq. 

white 

pEk-.            . 

ginlen  . 

nE-pBDSuU'. 

black 

;;^'j^>8"^' 

fen. 

aqetlok'. 

red 
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yeUow 

tltc. 

to  atrike 

fc-o'kot. 

green 

tlBatteK. 

..go 

niim. 

lance-big 

hlye',  eya'. 

..talk 

ane'tcsm. 

amaU,  little 

ntae'm. 

..boil 

woilkBm. 

strong 

Ey5'm. 

„  spoil,  waste 

kBlkEle'l. 

wtak 

knle'm. 

„flght 

kwe'ltxn. 

&. 

„  fight  In  battle 

ktu'Ek'entwai. 

dead 

k''(l'l. 

„  see.  perceive 

ko&to  or  kwuo. 

8lck 

Ksh'o'i. 

..bruii^ 

sanq.  put. 

dry 

tc&j. 

„bnrn 

koaa. 

Roixi 

h&tL 

„  bum  up 

yG'utl. 

bad 

k-ai  (pin.  k-arnkai 

„bnit 

tsa.  maqti. 

beautiful 

nEtcO'm  (plu.  natc 

,.alt 

amO'et. 

natcf'm. 

,.  cut 

cold 

K-q, 

Blti. 

warm,  hot 

kois. 

,.  kill 

ko-j,  qo'i. 

all 

«q_ 

.,  love,  like 

tlG,stlC-. 

„  build 

i*'nak-. 

much,  man  J 

k'aq,'k-eq. 

„know 

mlskai's,  Bskai's. 

jea 

|1.  eh. 

..give 

1.6'tcit. 

ban. 

„  smell 

not 

hauq. 

..  get,  hare,  bold 

i":r" 

hftD'tdn. 

rotten 

ts'flq. 

„niake 

UU,  tk'atla. 

abovo 

tdtl. 

.,  think 

ku'lBwAn. 

below 

ktlElua. 

,.  lie  down 

Bsqa'ita. 

far 

qa'ta. 

„  find  oat 

tB'lnEk. 

near 

test. 

qs'l,  qB'lt^ 

this 

ti. 

„  paddle 

BOB. 

tbat 

..  anivo 

taeanq. 

theu 

o'tai. 

..land 

k-Om. 

tiose 

..walk 

5'mac. 

tbe 

t£  (ma«:.),  tiE  (fern 

).,  speak 

ani'icEm. 

anjbodj 

ewat. 

,.  leave,  quit 

to'BntBm. 

wbo 

awat. 

..lose 

Qee. 

which 

Q'ntcakm. 

„  agree  to,  consent 

ftnfi'tl. 

then 

e'kwiaa. 

animals  (asaclaai 

)  sfkjoqe'mnq. 

thoa,  to 

BQii'C. 

frog 

wa'qua. 

therefore 

jiitlsi'*. 

duck  (generic) 

qSle'Bk. 

at.  on 

yatje'la. 

when 

kftisB's. 

^n 

Qit. 

where 

hnmming-bird 

titc-UtoEnls. 

to  cry 

him. 

rat 

hanwait. 

„  dance 

me'tla. 

monse 

Qda'tan. 

„  eat 

kwo'lts,      kwS'tlEn 

Hea 

tfi'tlum. 

e'tlBn,  Hoia. 

„<xm« 

m§kat,  tle'Bk,  me. 

nit 

QMta'n. 

„  gamble     — : 

rft'g«ltq. 

house-fiy 

i'qflai  (pin. 

..call 

ktuBtEn.  O'etka. 

oq&'qflai). 

..dig 

tBkwon'p. 

k'wane'matc. 

..Bnd 

ya'kBn. 

dog 

aknmai'. 

„  bunt 

pl'atotl. 

horse 

■t'kcu'O. 

„  sboot 

kwila'o. 

bear  (black) 

ml'aqntl. 

„  work 

letza'p  or  'aitsilp. 

,.    (brown) 

k-tlalum. 

,.  awim 

tce'toEm, 

..    (gcixaly) 

tlatla'lBm, 

Hka'tzut. 

deer 

BQe'cen. 

»  Bing 

Bln'lo,    lO'lBm,    yfl 

-wolf 

fk'ai'A  or  tBkaiya. 

we'nEm. 

beaver 

Bk-Bla'.  or  ak'Btau'. 

,.  laugh 

qafhEm,  aqai'aqai. 

elk 

k'ia'to. 

„  point  at 

Wn'qOB. 

moose 

kwa'ta. 

„  whistle 

cfl'pBn, 

woodpecker 

'skeBka. 

„  wbiaper 

tl&'kBm. 

cai'n. 

..  Tomit 

yia't. 

loon 

awitwil. 

lamaiok 

tciDjIa't. 

goose 

Bqa,tlB<>kqm.. 

C^.ooglc 
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k-wMS'txk. 

■a'koe,  otaa'k-Gi. 

galfflon-tront 

sIn'filqkS'lo. 

k-ii'k-*. 

brook      „ 

tlB'Ueakaai'. 

Mri 

tcl'Mmnq. 

oodSeh  (black) 

ai'Bt. 

•qatanl 

„       (rook) 

totcile'nk. 

:a' 

SpKpEla'tc. 
iskq. 

..       (red) 

tflkto'q. 
ttD'mk6&. 

nUa 

'ikwiki'k. 

sturgeon 

ekoi'watc. 

nlAU 

Bd'hQpet. 

oolicanor  candle-Ssb  BIQwas. 

poroapliw 

whitjng 

kae'IUBon. 

Swi 

inrtqS'qBm. 

aonnder 

po'ai. 

pubidga 

mo'tntKin. 

slant. 

Snk 

tdtCB'Eknn. 

gmelto 

^tci'kum. 

oyster 

Kiogflal^tt 

ti'lCK'l. 

-hard). 

^er 

■  BoHdkwe'tciQz: 

moasel 

tlan'aknm. 

net  -  maker,      ef. 

oiab 

qai'Bq. 

■H5kwe'tcin  =  net.  eel  (conger) 

D'satctcaalm. 

'gwo'ken. 

■boll-liead' 

sa'nai. 

wotm 

tmk-Q 

■^SStod) 

U&'qtA. 

bM 

riBtmuI'. 

iOftm. 

ant 

taitfame'tcln  (name 

.,    (.mill    .,  ) 

cockle 

stio'nm. 

its  Blender  iraiBt). 

aea-eggs 

BkSe'tsai. 

tat 

kapkapsal'tl  (  = 

star-BBh 

td'mnkcl. 

the  Bmotherer,  ho 

xla'B. 

caUedbecatuethe 

•doTU-Qab'  (ootopnt)  stloqts,  ske'amnq. 

Indiana    believed  whale 

kwinl's. 

it    would     uttle 

upon  the    month 

Qutoei. 

and  nottrila  of  a 

big  canoes,  common 

I-  k'QS'Etl. 

MarimeTimM. 

Bleeping      peraon 
and  smother  Urn) 

Ij  called  Chinook 

•almonOipriiig') 

ko«. 

„      cWe^ 

t«n'k-«. 

sma]! 

pBOi'tcEm. 

„      ('cohoa') 

tiA'win. 

snnkoi'tl. 

old 

ak-aiiJ'l&Itl. 

•)  koa'k-Eoii. 

kSqOl'tL 

FOLK-LORE. 

QaU. 
Once  there  were  four  brothers  ^  nftmed  Qaia  who  went  about  the 
country  doing  wonderfol  things.  It  was  very  long  ago,  when  the  animals 
were  hnman  beings.*  They  usually  travelled  ou  the  water  in  a  canoe. 
ThiB  canoe  was  not  an  ordinary  vessel.  It  was  the  youngest  of  the 
brothers  tranaformed  to  this  shape  for  the  accommodation  of  the  others. 
One  day  they  came  upon  Deer,  who  was  filing  a  bone  to  make  an  arrow 
point.  They  watch  him  at  work  for  some  time  without  speaking. 
Presently  they  ask  him  why  he  is  filing  the  bone.  Deer  replies  :  '  I  am 
making  a  sharp  arrow  point  to  kill  a  chief  that  lives  some  little  way  off.' 
From  this  answer  the  brothers  perceive  that  he  is  a  wicked  person  and 
deserving  of  punishment.     So  they  straightway  seize  him  and  pnll  at  hb 

■  The  name  Quit  in  the  stoi7  seems  Bometimea  to  be  applied  to  the  fool  brotheni 
GoUeotlTel;  snd  sometimes  to  Uie  eldest  only. 

*  According  to  the  tiaditiooB  of  the  Sk-qo'mio  the  earliest  beings  were  animaLi 
with  human  or  semi-hnman  chaiacteristics.  In  conne  of  time  the 'Great  Spirit* 
broiiftbt  the  first  troe  man  into  being,  from  whom  are  descended  throng  many 
generations  all  tbe  Sk'qo'mio  people  (see  the  writer's  paper  on 'The  Cosmogony 
and  History  of  tbe  Sknsmiab,'  Tram.  Scf.  See.  Cm.,  Beotlou  n.  189T-88}. 
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ean  till  tb^  Itiecome  long  and  pointed,  and  at  bis  arms  tOI  they  eqnal  his 
legH  in  length.  They  then  take  the  pointed  bone  he  had  been  at  work 
upon  and  thrust  it  into  one  of  his  feet,  in  consequence  of  which  this  bone 
(fmumisEn)  ia  found  in  the  feet  of  all  his  bestial  descendants  to  this  day. 
After  this  they  clap  tbeir  hands  and  make  a  noise  like  a  deer,  and  he  in- 
stantly loses  his  original  form  and  becomes  a  deer,  with  antlers  sprinnng 
from  his  forehead.  Thus  did  Qsis  create  the  deer  for  the  Sk'qS'mic,  The 
creature  starts  off  in  fear  and  rans  from  them  with  the  swiftness  of  the 
wind.  When  he  had  gone  some  distance  he  stopped  and  looked  back, 
whereupon  Qais  beckoned  to  him  to  return.  Saia  the  eldest  :  '  He  runs 
too  fast ;  the  people  who  come  after  us  will  never  be  able  to  catoh  him. 
We  must  make  him  go  slower.'  When  the  deer  comes  back  to  them  they 
take  him  by  the  bind  legs  and  knock  bis  hoofs  t<^ther  several  times. 
They  then  clap  their  bands  again  and  send  him  off  a  second  time.  On 
this  occasion  he  does  not  run  so  fast.  '  That  will  do,'  said  they  ;'  he  is  all 
right  now.'  From  here  they  paddle  on  till  they  come  to  an  old  man  who 
wpears  to  be  fishing  for  s^mon  with  a  long  double-pronged  fish-spear. 
He  carries  also  a  big  basket  with  him.  The  Qais  stop  and  watch  his 
proceedings.  They  find  that  he  does  not  spear  the  salmon,  but  merely 
feels  for  them  and  rubs  his  spear  ogsinst  them,  bringing  away  each  time 
a  little  of  the  slime  from  their  bodies.  This  he  wipes  off  with  some  moss 
into  the  basket.  When  they  see  what  be  is  doing  th^  go  up  to  him  and 
take  bis  speur  away  from  him.  From  their  pockets  they  then  produce  a 
mi'dle  (a  barbed  spear-point)  and  put  it  on  the  spear,  saying  as  they  do 
■o  :  '  See,  grandfather,  this  is  the  proper  way  to  liah.'  And  as  they  speak 
Qais  feels  in  the  water  with  the  blunt  end  of  the  spear  for  the  salmon, 
and  when  be  touches  one  he  turns  the  spear  quickly  about  and  plunges  it 
into  the  salmon.  They  then  return  the  old  man  his  spear  and  tell  him  to 
catch  his  salmon  as  they  had  shown  him.  The  old  man  gets  angry  and 
says  :  '  I  don't  wont  you  to  tell  me  what  I  ought  to  do.  I  like  my  own 
method  best,  and  I  prefer  the  slime  to  the  fish.'  When  he  makes  this 
strange  statement  they  are  convinced  that  he  must  be  a  person  of  a  very 
undesirable  character,  who  ought  to  be  checked  in  bis  evil  ways.  They 
therefore  take  bis  spear  from  him  and  break  it  in  two.  The  two  halves 
they  set  against  his  legs  one  on  each  side.  The  point  of  the  spear  tner 
push  np  bia  nose.  They  then  pull  at  his  head  till  bis  neck  is  mu(^ 
elongated,  after  which  they  clap  their  bands  and  utter  the  cries  of  a  crane, 
and  the  old  man  is  immediately  turned  into  a  bird  of  that  species  and 
flies  away.     Thus  did  Qais  bring  the  crane  into  being. 

They  continue  tbeir  joumeyings  till  they  come  to  a  high  bluff  on  the 
sea  shore.  Here  they  land,  and  the  youngest  resumes  his  own  form. 
They  now  build  a  house  for  themselves  and  propose  to  stay  a  while  there. 
When  the  house  was  completed  the  eldest  suggests  the  making  of  a  trap 
to  catch  the  Sun.  Said  he  :  '  I  will  make  a  trap  and  snare  the  Sun.  I 
want  to  have  a  talk  with  him.'  He  then  transforms  bis  youngest  brother 
into  a  salmon,  and  secures  bim  to  the  shore  by  a  line  ;  the  salmon  sports 
about  in  the  water  and  looks  a  very  fine  fish.  Presently  Snu'k'um  (snn) 
perceives  the  bait  set  for  him,  and  descending  in  the  form  of  an  eagle 
pounces  npon  it  and  carries  it  off,  breaking  the  line  which  held  the  salmon 
to  the  shore  as  he  did  so.  The  three  brothers  were  unconscious  of  what 
was  occurring,  having  been  cast  by  Sna'kum  into  a  deep  trance.  When 
they  awakened  from  their  trance  their  youngest  brother  had  disappeared. 
Qais  was  not  to  be  beaten  by  Snu'k-um  in  this  way,  so  he  now  trausfonns 
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the  third  brother  Into  a  wliole  and  secures  him  in  the  same  manner  aa  ths 
salmon  had  been  fastened,  onJj  with  a  stouter  line.  So  yeiy  long  time 
after  this  Snu'k'am  seeing  the  whale  in  the  water  came  down  and  seized 
it  as  be  had  the  salmon.  Again  the  two  remaining  brothen  are  cost  into 
a  deep  sleep.  When  the  Sun  had  got  up  as  far  as  the  line  permitted  he 
was  jerked  back  again  to  the  water  screaming.  This  continued  till  the 
brothers  presently  awoke.  The  eagle  could  not  get  away  from  the  whale 
now  because  his  claws  had  became  entangled  in  the  skin.  So  the  two 
brothers  pall  on  the  line  and  bring  the  whale  to  the  shore.  Qais  now  said 
to  the  Sun  :  '  Don't  try  to  get  away,  I  want  to  have  a  talk  with  you  ;  that 
is  why  I  set  tiiose  traps  for  you.'  When  the  Sun  perceived  that  he  had 
been  outwitted  by  Qais  he  consents  to  stay  a  little  while  and  talk  with 
them.  Qais  now  questions  him  concerning  the  place  where  the  salmon 
come  from.  Snn'k-um  points  across  the  water  and  tells  them  the  home  of 
the  salmon  is  a  long,  long  way  off  in  that  direction.  Qais  tells  him  that 
be  wanU  to  go  to  the  salmon  country,  and  asks  what  he  must  take  with 
him  on  the  journey.  The  Sua  instructs  him  to  gather  agreat  quantity  of 
'  medicine,' and  take  that  vith  him  and  all  would  be  well.  Qais  now 
releases  the  Sun,  who  flies  off  into  the  clouds.  Qais  then  set  about 
gathering  herbs  for  the  'medicine'  which  Snu'k'um  had  said  was 
necessary  for  him  to  take,  after  which  he  and  many  of  his  people  set  out 
in  their  canoes  for  the  salmon  i  country.  For  many  days  they  paddle  in 
€tto  direction  pointed  out  by  Snu'k'um  and  Anally  come  to  an  island. 
This  they  are  prevented  from  approaching  by  enormous  quantities  <iX 
floating  charcoal  which  block  the  prioress  of  the  canoes.  One  of  the 
young  men,  thinking  the  charcoal  is  compact  enough  to  sustain  him, 
jumps  out  of  the  canoe  upon  it,  but  instantly  sinks  through  and  is 
drowned.  After  much  trouble  they  get  away  from  the  obstruction  and 
paddle  round  to  the  other  side  of  the  island.  Here  they  perceive  what 
looks  like  a  settlement.  They  see  smoke  of  all  the  colours  of  the  rainbow 
rising  into  the  clouds.  This  is  the  country  they  are  seeking,  the  home  of 
^he  salmon  people.  They  draw  into  the  beach,  which  is  very  broad  and 
smooth,  and  leaving  their  canoe  go  forward  towards  the  settlement,  Qais 
taking  with  him  his  medicine.  Wheu  they  arrived  at  the  village  Qais 
predated  the  chief,  who^e  name  was  Xoa  (spring  salmon),  with  some  of 
the  medicine.  Now  at  the  back  of  the  village  was  a  creek  in  which  K&s 
kept  a  tcea'k-  (salmon  trap),  and  just  before  Qais  and  his  followers  landed 
Kos  hod  bidden  four  of  his  young  people,  two  youths  and  two  maidens, 
to  go  into  the  water  and  swim  round  and  enter  the  salmon  trap.  Obey- 
ing, they  walked  into  the  sea  with  their  blankets  drawn  up  over  their 
heads,  and  as  soon  as  the  water  reached  their  faces  they  bncame  salmon 
and  leaped  and  sported  together  just  as  the  salmon  do  in  the  running 
season,  making  their  way  in  their  frolics  towards  the  trap  in  the  creek. 
When,  therefore,  Qais  and  bis  followers  had  landed  and  met  the  salmon 
chief,  he  ordered  some  more  of  his  people  to  go  to  the  trap  and  take  out 
the  salmon  and  cook  them  for  his  guests.  This  they  did,  cutting  them  open 
and  spreading  them  on  a  kind  of  wooden  gridiron  to  roast. '  When  the  fish 
'  This  gndiioD  was  formed  sa  fallows ;  A  sballo*  trench  wu  dug  about  twent; 
iucbea  vide,  the  length  varjiiig  with  the  number  of  fish  to  be  rosEted,  in  ivhioli  a 
fire  of  dry  wood  wu  kindled.  On  either  side  of  the  tiench  stakes  were  driven  in  at 
intervals.  These  were  abont  three  feet  high.  Un  the  top  of  these,  and  paiollel 
wiUi  the  trancfa,  were  then  fastened  Blender  poles,  and  across  these  again  directly 
over  the  fUmu  vther  tranavene  ontt.  On  these  latter  the  split  salmon  were  laid 
andioasted. 


..Google 


ON  THE   ETHNOUXJICAL  SOHVEY   OP  CANADA.  521 

were  n&dy  E!&s  invited  his  gaests  to  partake  o£  tfaem,  begging  them  at  the 
same  time  to  set  the  bones  carefully  aside  and  not  lose  or  destroy  any. 
The  visitors  accepted  the  invitation  and  soon  disposed  of  the  cooked 
wlmon.  After  they  hod  finished  their  meal  some  of  Kos'a  people  came 
and  carefully  gathered  the  salmon  bones  together,  which  each  of  those 
vfao  had  eaten  of  the  fish  had  piled  in  a  little  heap  by  his  aide,  and  took 
them  down  and  threw  them  into  tlie  sea  ;  whereupon  the  bones  were 
immediately  transformed  back  into  the  four  young  people  again,  who 
presently  came  up  out  of  the  water  and  joined  the  others.  The  salmon 
chief  entertained  his  visitors  with  satmon-feasts  for  four  sucoessive  days. 
Mow  the  care  which  K6a  took  over  the  salmon  bones  excited  the  curiosity 
of  one  of  Qais's  followers,  who,  on  the  second  day,  stealthily  hid  and  kept 
back  some  of  the  head  bones  of  the  salmon  he  was  eating.  After  the 
meal  was  over  the  bones  were  gathered  up  as  before  aad  cast  into  the 
vater,  but  when  the  four  young  people  came  out  of  the  water  this  time  it 
was  observed  that  one  of  the  youths  was  covering  his  face  with  his  hands. 
This  youth  went  up  to  Ki3a  and  told  him  that  all  the  bones  had  cot  been 
thrown  into  the  water,  and  that  he  was  in  consequence  lacking  the  bones 
of  his  cheek  and  nose.  When  Eos  heard  this  he  inquired  among  bis 
guesta  if  they  had  thrown  away  any  of  the  fish  bones  while  eating,  and 
pointed  out  to  them  the  condition  of  his  young  man's  face.  The  youth 
who  had  kept  back  the  bones,  alarmed  at  the  consequence  of  his  act,  now 
brought  them  forward,  pretending  to  have  just  picked  them  up  from  the 
ground.  The  day  following  the  seagulls  were  seen  to  be  gathering  in 
great  numbers  about  some  object  that  was  fioating  on  the  water  a  little 
distance  from  the  land.  Kds  sends  some  of  his  young  men  to  see  what . 
the  attraction  is.  They  presently  discover  it  to  be  the  corpse  of  a  young 
man.  When  Eds  is  informed  of  the  nature  of  the  floating  object  he  oska 
Qais  if  any  q!  his  party  had  been  drowned ;  Qais  answers  that  one  of 
his  young  men  had  fallen  into  the  water  on  the  other  aide  of  the  island 
and  been  drowned.  Upon  hearing  this,  Eos  bids  his  young  men  bring 
the  floating  corpse  ashore  with  ropes.  This  they  do,  and  Qais  discovers 
that  the  seagulls  have  pecked  out  its  eyes.  Now  although  Qais  had 
power  to  restore  the  corpse  to  life,  he  had  no  power  to  replace  the  lost 
eyeballs.  So  when  he  observes  their  absence,  he  asks  the  salmon  chief 
if  he  could  supply  him  with  new  ones.  Eos  answers  that  he  con,  and 
offers  him  a  pair  of  T'^ujI -at -salmon  eyes.  Qais  tries  these  and  finds  them 
too  small.  Eos  then  oQers  him  a  pair  of  TVawin-salmon  eyes.  But  these 
also  are  too  small.  The  chief  then  hands  him  a  pair  of  Xsd'k-Enu- 
salmon  eyes,  and  these  are  found  to  be  just  the  right  size.  Qais  now 
q>rinkleB  the  corpse  with  some  of  his  medicine,  and  the  young  man  is 
immediately  restored  to  life.  On  the  fourth  day  Kos  makes  a  great 
£iaae£n  (feast),  and  gives  to  every  one  of  bis  people  a  little  of  the 
medicine  which  Qais  had  presented  to  bim.  They  were  overjoyed  to 
receive  it,  having  seen  its  virtue  exercised  upon  the  corpse  of  the  drowned 
mao.  During  the  feast  Qais  spoke  thus  with  Eos  :  '  I  have  come  to  visit 
you  for  the  purpose  of  asking  you  to  let  some  of  your  people  come  to 
mine.  They  are  very  poor  and  wretched,  and  have  scarcely  anything  to 
eat,'  '  Very  good,'  replied  KOs,  '  I  will  do  as  you  request,  only  you  must 
take  care  of  them  and  be  careful  not  to  allow  any  of  their  bones  to  come 
near  a  corpse.'  Qais  promised  compliance  with  this  request,  and  next 
day  set  out  with  bis  followers  on  his  return.  To  Qais  the  time  spent 
with  the  salmon  people  seemed  only  four  days,  but  it  was  realty  a  whole 


..Google 


522  REPORT— 1900. 

year.  As  he  was  leaving  Koa  said,  '  I  and  my  tribe  will  visit  yon  first 
in  the  seaBon.'  '  After  KOs,'  said  the  ttvtrai  (popularly  knows  as  tho 
sockeye),  '  I  will  come.'  '  And  aft«r  the  tmk-ai  I  will  arrive,'  said  the 
ttavnn  (cohoe).  '  I  will  follow  next,'  said  the  kodk-Enia  (d<^-Bnlmon). 
'  I  will  come  last  of  all,'  cried  the  tlau'etcin  (humpback),  '  and  I  shall  not 
come  regularly  like  the  others,  but  just  now  and  again.' 

Hence,  according  to  Indian  belief,  the  irr^alarity  of  the  rana  of  the 
laat-uuned  species. 

When  Qais  got  back  he  assembled  a  great  concourse  of  people  and 
told  them  that  for  the  future  they  would  have  plenty  to  eat ;  that  the 
Salmon  had  promiHed  to  come  to  them  every  year.  After  this  he  recalls 
that  hia  youngest  brother  had  been  carried  off  by  Snu'knim  and  seeka  to 
learn  from  those  present  if  any  of  them  could  climb  up  beyond  the  clouds 
to  Snu'k-um's  bouse.  They  aU  reply  that  no  one  could  climb  so  far. 
But  among  them  was  one  cleverer  and  smarter  than  the  rest,  named 
Tu'vUum  (Wrea )).  He  possessed  a  fine  bow  and  many  arrows.  Hs 
now  comes  forward  and  says  to  Qais,  '  I  can  shoot  np  there  and  make  a 
chain  of  my  arrows.'  Qais  was  delighted  with  the  plan,  and  bade  him 
begin  at  once.  Tu'mtum  thereupon  shoots  an  arrow  into  the  clouds,  and 
they  hear  it  strike  against  the  sky  where  it  remained.  He  shoots  again, 
and  the  second  arrow  lodges  in  the  notch  of  the  first.  He  contdnues 
shooting  in  this  way,  each  arrow  striking  and  fixing  itself  in  the  last  until 
the  chain  thus  formed  reached  to  the  ground.  Qais  now  takes  some  of 
his  'medicine'  and  sprinkles  it  on  the  line  of  arrows,  and  the  whole 
becomes  rigid  and  stout  and  strong.' 

Ko&'tEn,  the  mouse-man,  now  comes  forward,  and  offers  to  climb  up 
first.  Qais  consents,  and  he  swarms  up  followed  by  T&tlum,  the  flea, 
after  whom  come  Me'tein,  the  louse,  'Sie'sks,  the  woodpecker,  and  the 
rest  of  the  company.  When  they  reached  the  summit  of  the  ladder  they 
perceive  a  big  house.  This  was  Snu'k'um's  dwelling.  They  seek  to 
enter,  but  find  it  securely  fastened  and  too  strong  to  break  into  by  main 
force. 

After  some  consultation  it  is  decided  to  leave  the  matter  of  forcing 
an  entrance  to  £oa'tEn,  To'tlum,  and  Me'tein.  Koa'tEu  sets  to  work 
and  soon  gnaws  himself  a  hole  to  enter  by,  and  the  other  two  foroe 
themselves  through  a  small  crack  in  the  boards.  When  they  get  inside 
Snu'k-um  is  just  getting  into  bed.  The  fleas  get  into  his  blankets  and 
worry  him,  the  lice  into  his  head  and  do  the  same,  and  the  mice 
make  such  a  disturbance  that  he  is  unable  to  get  to  sleep.  They  keep 
him  awake  tossing  and  turning  till  after  midnight,  and  then  being  veiy 
weary  he  falls  into  a  deep  sleep  in  spite  of  them.  They  bite  him  again 
and  again,  but  cannot  wake  him.  Koa'tKn  then  opens  the  door  to  Qaia 
and  the  others.  Qais  discovers  tho  head  and  bones  of  his  brother,  and 
returns  to  the  ground  with  them.  He  now  sprinkles  some  of  his 
'  medicine '  upon  them,  and  his  brother  comes  to  life  again. 

When  he  had  done  this  he  pulled  down  the  ladder,  and  many  of  thoae 
who  were  still  upon  it  fell  down  and  were  killed.  The  Qais  having  coDie 
together  again,  the  youngest  resumes  the  form  of  a  canoe,  and  tliey 
paddle  away  to  another  part  of  the  country.     On  their  way  they  come 

■  It  is  worth?  of  remark  Chat  in  one  of  the  Haida  folk-tales  access  to  the  aroer 
regions  is  gained  b;  an  arrow  rope  constructed,  as  here,  b;  abootiug  one  atrow  into 
the  notch  of  another  (see  Second  Report  of  the  Committee  under  Uie  writer^  Dotea 
on  the  Haida  Beliefs,  &c). 
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upon  &  couple  of  men  paddling  about  in  a  canoe.  One,  whose  name  vaa 
T^Ueapntm  (duck),  sat  in  the  bow,  and  the  other  who  was  called 
Elt^a  (sea' cucumber)  in  the  atem,  he  being  the  captain.  Said  Qais  to 
them  :  '  Where  are  you  going  1 '  TE'ltcapsum  replies,  '  We  are  ont 
trapping,'  and  becomes  go  frightened  that  he  immediately  dives  iilto  the 
,  sea.  Qais  now  takes  the  bait  the  pair  were  using,  and  when  TE'ltcapsum 
comes  to  the  surface  some  little  way  off  throws  it  at  him  and  strikes  him 
on  the  head  with  it.  Where  it  struck  a  white  spot  immediately  appeared. 
TE'ltcapsum  looked  round  to  see  what  bad  happened,  and  Qais  throwa 
a  second  piece  at  him,  and  hits  him  this  time  on  the  nose.  Again  a 
white  spot  appeared.  The  duck  now  takes  to  flight,  crying  out  in  fear 
as  he  goes  ^anin,  nin.  nin,  nin.'  Ela's  observing  Qais's  action  new  also 
takes  to  the  water  and  dives  down  to  the  bottom  and  remains  there. 
Qais  seeing  this  calls  out  to  him,  '  Very  well,  my  friend,  if  you  want  to 
stay  down  there  do,'  and  therewith  he  transforms  him  into  a  sea- 
cucumber  (Holothuriau).  Thus  originated  the  white-beaded  duck  and 
the  Bea-cnonmber. 

After  these  events  they  went  up  towards  the  head  of  the  Sk'qo'mic 
River.  On  their  way  they  perceive  a  village  and  three  Fort  Douglas 
men  (members  of  the  StlatlumB  tribe,  whose  territory  is  contiguous  to 
that  of  the  Upper  Sk'qS'mic),  who  are  'packing'  something  ou  their 
backs.  Qais  transforms  these  men  and  their  packs  into  three  big 
boulders  which  are  to  be  seen  at  this  village  to  this  day.  Going  on 
from  thence  they  come  to  a  mountain,  down  the  slope  of  which  they 
perceive  Skod'toaiG  (sturgeon)  coming,  TTim  also  they  change  into  stone. 
A  little  after,  as  they  still  journeyed  on,  they  come  upon  K-winVg  (whale), 
and  he  too  is  transformed  by  them  into  a  rock.  In  course  of  time 
they  arrived  at  the  spot  where  the  village  of  'nku'&£penale  now  stands. 
There  they  saw  two  men  in  their  canoes.  These,  both  men  and  canoes, 
they  turn  into  stone  ;  hence  the  name  n'ku'k-Epenate,  which  signifies  the 
place  of  the  stone  canoes.  Some  time  after  this  they  meet  a  man 
carrying  a  spear.  They  request  him  to  give  them  his  weapon,  but  be 
refuses  to  do  so,  and  him  they  likewise  turn  into  stone,  where  he  may  be 
seen  to  this  day  with  his  spear  in  his  hand.  At  this  point  my  informant's 
memory  gave  out,  and  he  could  tetl  me  no  more  of  the  doings  and  trans- 
formations of  the  Qais. 

Ttai'anak. 
There  was  once  a  man  who  was  the  father  of  twins.  One  night  he 
dreamt  a  strange  dream.  In  his  dream  he  was  bidden  to  collect  the 
bones  of  all  the  fish  that  frequented  the  Sk'qC'mic  River.  He  was  to 
place  them  in  a  box  divided  by  partittons,  a  pattern  of  which  was 
shown  him  in  his  dream.  The  bones  of  each  kind  of  fisb  were  to  be  kept 
separate  in  the  divisions  of  the  box.  On  awaking  he  set  about  his  task. 
When  the  box  was  ready  he  filled  each  division  of  it  with  the  bones  of 
different  kinds  of  fish,  and  then  placed  the  box  in  a  large  bole  of  a  living 
tree,  whose  trunk  he  had  hollowed  out  for  the  purpose.  He  then 
covered  up  the  aperture  so  that  the  box  could  not  be  seen.  Shortly  after 
this  he  died,  and  from  that  time  onward  no  fish  came  into  the  river. 
Many  years  later  a  man  chanced  to  pass  by  the  tree  in  which  the  box 
of  fi^-bones  was  hidden.  When  he  approached  the  tree,  his  senses  were 
taken  from  him,  and  he  wandered  round  and  round  the  place  in  a  kind 
of  trance.    la  this  state  be  was  shown  the  box  bidden  in  the  tree,  and 
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instructed  what  to  da  with  it  and  its  contents.  When  he  came  out  o( 
bia  trance,  he  cut  away  the  bark  which  had  grown  over  the  hole 
completely  and  took  out  the  box  and  opened  it.  The  various  divisions  of 
the  box  no  longer  contained  bones,  but  only  a  little  dust.  Some  of  thb 
dust  got  on  his  hands  and  fingers,  and  he  took  some  moss  and  went  down 
to  the  river  and  washed  his  hands  in  the  water  with  the  mosa.  As  he 
washed  a  gale  of  wind  arose,  and  little  fish  darted  out  from  the  mosa  in 
hundreds.  He  now  put  the  box  back  into  the  hole  in  the  tree  agaiii  and 
went  home.  It  was  evening  when  he  arrived,  and  his  wife,  who  had  been 
alarmed  at  his  long  absence,  oaked  him  where  he  had  been  all  day.  Not 
desirin;^  to  tell  her  yeb  of  his  strange  adventure  he  said  that  he  had  gone 
to  the  river  and  had  fallen  asleep  oo  the  bank.  Early  next  morning  he 
goes  down  to  the  river  where  he  had  left  the  moss,  and  where  the  little 
tish  had  so  suddenly  appeai-ed,  and  found  to  his  great  joy  that  the  waters 
were  teeming  with  fish,  amongst  which  was  a  new  kind  afterwards 
called  Igai'anuk.  It  would  seem  that  the  people  had  been  aware  of  the 
reason  of  the  disappearance  of  the  fish  from  the  river,  and  had  a  tradition 
among  them  that  they  would  return  again  some  day  when  the  dust  of 
the  bones,  which  had  been  bidden  away  by  the  father  of  the  twins, 
should  be  found  and  placed  in  the  water.  The  man  now  saw  from  the 
quantity  of  the  fish  in  the  river  that  he  had  truly  brought  back  the 
fish,  and  ran  home  and  told  his  wife.  From  that  time  on  Uie  people  of 
this  villt^  had  plenty  of  fish,  which  aroused  the  jealousy  of  the  oilier 
villagers,  and  one  day  the  box  containing  the  bone  dust  was  stolen  by 
some  one  and  taken  to  another  village.  This  brought  about  the  death  of 
the  man  who  had  first  found  the  box,  for  on  its  being  taken  from  the 
tree  a  gale  arose  which  overwhelmed  his  canoe  and  drowned  him. 
From  that  time  the  people  on  the  river  every  year  put  a  little  of  the  bone 
dust  in  the  water  and  never  lacked  fish  again. 

I  was  unable  to  identify  the  tsai'anuL  They  are  a  kind  of  small 
fish  like  smelts  or  oolicans,  but  differ  from  these  in  that  they  are  never 
found  floating  dead  on  the  water,  and  tbey  come  and  go  in  a  mysterious 
manner.  The  Sk-qO'mic  always  regarded  them  as  the  descendants  of  the 
twins.  Twins,  according  to  the  beliefs  of  the  Sk-qO'mic,  had  power  over 
the  wind;  hence  the  rising  of  the  wind  when  the  bone  dust  was  disturbed. 
If  any  one  ate  tsai'anuk  and  suA'nias  (oolicans)  at  the  same  meal  he 
would  drop  dead,  the  SkqO'mic  believed. 


Long  time  ago  a  shaman  named  TcuIq  had  two  daughtera.  One  fine 
day  the  two  girls  got  in  their  canoo  and  went  out  on  the  water.  When 
they  were  some  distance  from  the  shore  they  ceased  paddling  and  lay 
down  in  the  canoe  one  at  each  end.  They  then  began  to  sing.  Their 
song  was  addressed  to  a  certain  mysterious  youth  who  was  supposed  to 
live  at  the  bottom  of  the  water.  The  words  of  the  song  which  they 
repeated  many  times  were  as  follows  : — 

Atcina' !     Atcini'  !     Atcina'  !     Kwi'na  yatcsi  its  tEm 
Kwina'-sT-a'li  -  -  -  i, 
which,  freely  translated,  may  bo  rendered  as  follows  ; — '  0  dear !     0  my  ! 
We  have  been  told  that  a  hopdaome  young  man  lies  below  !     Oh  that  ho 
would  come  up  ! ' 

When  they  had  been  sijigiag  a  little  while  they  sair  a  form  rising 
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throngb  the  water.  It  was  yoaog  AiEt  (black  cod).  Said  the  girls  to 
him  when  he  came  to  the  surface  :  '  We  don't  want  a  man  like  you  with 
big  bulging  eyes.  You  can  go  back  again.'  They  sang  again,  and 
presently  TsacUe'uk  (rock-cod)  came  up.  As  soon  as  they  perceived  him 
they  derided  him,  saying  :  '  Do  you  think  we  want  a  man  like  you  1  Go 
down  again,  you  big-mouthed  creature.'  Rock-cod,  much  mortified  at 
their  treatment  of  him,  sank  slowly  to  the  bottom  again  as  they  continued 
their  song.  Presently  they  perceived  a  bright  and  tiery  form  rising  to 
the  surface.  The  watera  glowed  as  if  a  great  fire  burnt  beneath.  '  This 
must  be  he,'  satd  one  to  the  other.  But  when  this  glowing  body  rose  to 
the  surface  they  saw  it  was  only  Tuk-to'q  (red  cod).  The  girls  are  angry 
and  disappointed  as  he  appears,  and  revile  poor  Tfllc-to'q  bitterly.  '  You 
big-eyed,  gaping- mouthed,  ahort-waisted,  ugly  creature,  get  out  of  our 
eight  snd  don't  come  here  deceiving  us  again.'  Tukto'q  sank  slowly  to 
the  bottom  again. 

And  thus  it  was  with  one  fish  after  the  other  that  came  to  the  surface 
at  their  singing  :  each  and  every  one  the  girls  dismissed  with  scornful, 
abusive  woros.  At  last  came  Kos,  the  prince  of  fishes  (spring  salmon), 
but  he  fared  no  better  than  the  rest.  When  they  saw  his  graceful  silvery 
form  come  shooting  through  the  water  they  cried  out  to  each  other  : 
'  This  must  be  he.  How  bright  and  shining  he  is  ! '  But  when  he  got 
close  to  the  canoe  they  perceived  that  they  had  been  mistaken.  'Wo 
don't  want  you,  KOs,'  cried  they.  '  You  have  a  black  mouth.  We  don't 
like  black-mouthed  men.  Go  away  and  hide  your  black  mouth.'  They 
continue  their  singing  as  K^s  disappears.  Presently  they  see  an  arrow 
(s'md'fd)  come  shooting  up  out  of  the  water.  As  it  falls  back  they  paddle 
towards  it,  each  eager  to  seize  it  first.  The  younger  of  the  sisters  grasps 
it  first.  They  now  sing  again,  and  a  little  later  a  second  arrow  shoots  up 
as  before.  This  time  the  elder  sister  is  the  first  to  get  it.  Then  a  third 
appears  in  the  same  manner,  and  after  that  a  fourth.  Each  sister 
succeeds  in  getting  one  of  these,  so  that  they  now  have  two  arrows  apiece. 
They  sing  their  song  again,  and  presently  a  bow  (ii'qisale)  and  quiver 
(teiau'q)  are  thrust  up.  These  the  younger  of  the  two  manages  to  secure 
first  Once  again  they  repeat  their  song,  and  a  few  moments  later  they 
behold  a  golden  form,  bright  and  shining  like  the  sun,  coming  up  from 
the  lowerdepths.  This  at  last  is  he  whom  they  desired.  He  is  Meh-iIe- 
Saie'li:m  (Son  of  the  Briffht  Day).  They  paddle  towards  him,  and  when 
the  canoe  has  approachea  near  enough  he  springs  into  the  centre  of  it. 
He  looks  from  one  sister  to  the  other  to  see  which  possesses  most  of  his 
property.  Perceiving  that  the  younger  sister  hod  most,  he  goes  to  her  end 
of  the  canoe  and  sits  down  by  her  side,  and  t)ie  girls  then  paddle  back  to 
their  landing.  When  they  arrive  the  elder  sister,  who  is  greatly  disap- 
pointed and  Jealous  of  the  other,  springs  out  first  and  runs  to  her  father 
complaining  that  her  sister  has  tEdcen  her  si'yo  (lover)  from  her.  TcuIq 
smiled  and  told  her  not  to  distress  herself,  that  neither  of  them  would 
have  him  long.  It  would  appear  that  TcuIq  used  his  two  daughters  as 
decoys  to  attract  young  men  to  his  house,  where  he  wickedly  destroyed 
them  in  various  ways  by  his  shamanistic  powers.  The  younger  daughter 
being  well  aware  of  this  takes  advantage  of  her  sister's  absence  to  warn 
her  lover  of  what  awaited  him  at  her  father's  hands.  Said  she  to  him  as 
they  were  approaching  her  father's  dwelling  :  '  Take  care  of  yourself 
when  you  pass  throngb  the  door.  My  father  has  a  magic  door  that  closes 
with  a  sprung  upon  people  as  they  enter,  and  cute  them  in  two  if  they  are 
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not  wary.  He  haa  killed  a  great  many  of  our  lovers  that  way.  When 
we  get  to  the  door  watch  how  I  get  through,  and  follow  in  the  same 
manner.  If  you  succeed  in  getting  through  safely  you  must  not,  how- 
ever, think  you  are  free  from  danger.  Another  di^nger  awaits  you.  My 
father  will  spread  a  fine  handsome  bear  akin  mg  on  the  ground  for  yoa 
to  sit  upon.  In  the  hair  of  this  skin  are  fixed  many  sharp  claws  of  the 
grisly  bear  (tlatlalsm)  so  skilfully  hidden  that  no  one  would  suspect 
their  presence.  Should  any  one,  however,  be  unwary  enough  to  tlwow 
himself  down  on  the  skiu,  these  claws  will  tear  and  rip  him  to  pieces.  Be 
careful  of  yourself,  therefore,  when  my  father  invites  you  to  sit  down  on 
this  rug  and  avoid  the  clawa'  MBn-tlB-8ai€'lEm  thanks  the  maiden  for 
her  warning,  but  tells  her  not  to  fear  for  him  ;  that  his  medicine  is  strot^er 
than  her  father's.  Before  entering  the  house  MEn-tlE-SaidlEm  filled  his 
clothes  with  pieces  of  rook  and  stones.  When  they  got  to  the  door  the 
girl  gave  a  sudden  leap  and  passed  safely  through.  Msn-tlE  Saig^Em, 
obser^'ing  her  action,  did  the  same,  and  passed  through  without  harm  to 
himself  ;  but  the  door  springing  to  after  him  caught  the  end  of  his  quiver  as 
it  trailed  in  the  air  and  cut  offthe  end  of  it.  The  shaman  looked  up  and 
accosted  the  youth  thus  ;  'Ah  !  itula'tl  (prospective  son-in-law),  you  have 
arrived,  have  you  I  Come  and  sit  down  on  this  rug.'  And  with  that  he 
shakes  out  a  fine  bearskin  and  spreads  it  on  the  fioor.  Mi!n-tlE-Sai€'lEm 
throws  himself  on  the  skin,  as  if  he  had  no  suspicion  of  its  hidden  dangers^ 
and  rolls  about  upon  it  as  if  he  sought  to  find  the  most  comfortable 
position,  breaking  ofi'  as  he  did  so  all  the  points  of  the  sharp  claws  with 
the  stones  he  had  placed  inside  his  garmenta  He  was  thus  able  to  He 
upon  the  rug  without  harm.  They  talk  together  for  a  while,  and  then, 
as  night  had  come  on,  they  retire  to  rest,  MEn-tlE-Saig'lEm  and  his  bride 
occupying  the  same  bed.  Before  they  rose  next  morning  she  warns  him 
that  a  third  trial  awaits  him.  '  In  the  y^rd  yonder,'  said  she,  '  my  father 
has  a  big  canoe  he  is  in  the  course  of  making  (tcatwi'tt).  It  is  of  rock 
and  not  of  wood.  In  itis  a  deep  crevice  or  fissure,  down  which  my  father 
will  purposely  drop  his  Qokai't  (chisel)  to-morrow  morning  and  requect 
you  to  dive  in  and  bring  it  out.  When  any  one  does  this  the  crevice 
closes  over  him  and  he  is  buried  alive  in  the  rock.  I  am  greatly  alarmed 
for  your  safety.  Hitherto  no  one  has  escaped  this  trap  of  my  father's.' 
The  young  wife  is  very  sad  and  cries  as  she  tells  her  husband  of  the  danger 
ahead  of  him.  MEn-tlE-Saielsm  bids  her  be  of  good  cheer  and  not  to  be 
anxious  for  him.  'I  shall  do  as  your  father  desires  me,' said  he  ;  'hii 
medicine  cannot  hurt  me.'  Presently  the  shaman  calls  out  to  the  young 
man  :  *  R&q  (son-in-law),  I  want  you  to  come  and  get  my  chisel  for  me  ; 
it  has  dropped  down  a  deep  crack  in  my  tccUmVtl.  He  got  up  at  once, 
hut  before  leaving  his  wife  he  requests  from  her  some  Uau'ok-  (pipeclay)' 
which  he  hides  upon  his  person.  He  now  goes  out  to  the  old  man,  who 
points  out  to  him  the  deep  crevice  into  which  his  chisel  has,  as  he  declares, 
fallen.  The  young  man  takes  a  leap  into  the  fissure,  and  as  he  enters  he 
Y  throws  the  gtau'Ck-  back  over  his  .shoulder,  and  the  next  moment  the  cleft 
'■^loses  over  him.  The  shaman  perceiving  the  atau'ok-  come  from  the  rock 
in.iagines  it  to  be  his  son-in-law's  brains,  which  have  been  squeezed  out  by 
th^  pressure  of  the  rocks  upon  his  head  as  they  closed  upon  him,  and  goes 
off  1^  ughing,  saying  as  he  went :  '  I  got  him  that  time,  sure.'    Meanwlnle 
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the  ytmih  finds  himself  in  a  kind  of  hollow  or  cave  in  the  rock,  tm  the 
floor  oE  which  he  perooiTea  a  great  number  of  human  bones,  the  remains 
of  the  shaman's  former  victims. 

Picking  np  the  chisel  he  goes  to  the  end  of  the  cave,  which  opens  to 
him,  and  he  passed  out  with  the  tool  in  his  hand.  He  hurries  after  the 
old  man  and  overtakes  him  before  he  has  reached  the  house.  'S&q' 
(father-in-law),  said  he,  'here  is  the  chisel  jon  lost.'  The  shaman  takes 
the  chisel,  langhs.  and  says  :  'You  beat  me  that  time,  son-in-law,'  The 
nl^t  following  this  when  the  others  had  gone  to  rest  the  shaman,  who 
possesses  a  litUe  dog,  calls  the  creature  to  him  and  holds  converse  with  it 
m  Uiis  wise  :  '  I  am  going  to  transform  you  into  a  Btoa'&wil  (loon)  and 
put  you  out  on  the  water  in  the  morning  for  mj  son-in-law  to  shoot  at. 
Yon  must  take  care  to  dive  when  you  see  his  arrows  coming,  and  eooh 
time  you  rise  to  thesurface  again  come  up  farther  off.'  Msn-tlK-Saifi'lEm's 
wife  was  still  anxious  and  troubled  for  her  husband's  safety.  Said  she  to 
him  :  '  None  of  our  young  men  ever  escaped  from  the  rock-trap  before,  so 
I  do  not  know  what  mischief  my  father  is  plotting  against  you  now.  I 
feel  sure  he  will  not  desist  from  his  attempts  to  kill  you,  and  I  am  fearful 
of  what  may  befall  you.'  MBn-tls-Saie'lEm  comforte  her  by  assuring  her 
that  her  father  cannot  really  harm  him,  do  what  he  will.  Early  next 
morning  the  shaman  takes  the  dog  to  the  beach  and,  muttering  magic 
words  over  it,  transforms  (giutoin)  it  into  a  loon,  which  enters  the  water 
near  the  shore  and  begins  to  swim  and  dive  about  just  in  front  of  the  old 
man's  landing.  He  now  returns  to  the  house  and  bids  his  daughter  wake 
her  husband  and  ask  him  to  go  to  the  beach  and  shoot  a  loon  which  is 
sporting  about  there  close  to  the  shore.  MEn-tlE-Saie'lEm  gets  up  and 
goes  to  the  beach,  taking  his  bow  and  arrows  with  him.  His  arrows  have 
the  faculty  of  striking  and  killing  whatever  he  shoots  them  at.  He  takes 
aim  at  the  loon  and  shoots.  The  seeming  bird  dives  as  the  arrow  reaches 
it.  To  the  young  man's  surprise  the  loon  is  not  killed,  only  wounded,  the 
arrow  merely  breaking  its  flesh  and  passing  on  beyond.  The  youth  asks 
his  wife  to  get  him  a  second  arrow.  The  loon  having  come  to  the  surfaoe 
again,  though  farther  off,  he  shoots  the  second  arrow  at  it,  but  meets  with 
no  better  success  than  before,  merely  wounding  the  bird  without  killing 
it.  He  asks  for  a  third  and  yet  a  fourth  arrow,  but  the  loon  is  still  alive 
and  passing  out  of  sight.  Perceiving  now  that  his  father-in-law  was 
working  his  medicine  against  him,  and  having  shot  away  all  his  arrows, 
be  adopts  another  plan.  Said  he  to  his  wife :  '  Has  your  father  got  a 
sfum  1  (big  cedar  pot  or  kettle).  '  Yes,'  replied  she.  '  Fetch  it  for  me 
and  bring  it  down  here  to  the  beach.  I  will  go  after  the  loon  in  it.'  She 
did  OS  he  bade  her,  and  he  set  out  after  the  wounded  loon  in  the  tub. 
He  took  his  bow  with  him,  and  as  he  passed  his  arrows  which  were  float- 
ing on  the  surface  he  picked  them  up.  He  now  shot  them  at  the  loon 
again,  but  with  the  same  result  as  before.  He  could  only  wound  the  loon, 
which  swam  farther  out  at  each  shot.  The  old  shaman  had  watched  the 
prooeedings  thus  far  without  saying  a  word  or  doing  anything.  As  the 
loon  and  his  son-in  law  pass  from  their  gaze  he  stands  up  and  takes  his 
bearskin  garment,  shakes  it,  and  turns  it  several  times  and  then  puts  it 
on  again.  Consequent  upon  this  action  there  arose  forthwith  a  great 
storm,  and  the  wind  caused  the  waves  to  rise  mountain  high.  The  young 
wife  is  greatly  distressed  thereat,  and  believes  that  she  will  never  see  her 
husband  again.  She  continues  for  a  while  to  gaze  seaward,  but  nothing 
Ijat  the  mountainous  UUows  meets  her  eyes,  ar'  presently  she  SE«ks  the 
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shelter  of  the  house,  believing  MEn-tlE  Saie'lEin  to  Lave  been  over- 
whelmed b;  the  vaves.  Iq  the  me&atime  the  latter  purEues  and  presently 
cornea  up  with  the  loon.  This  time  he  anoceeds  in  killing  it.  A^  it  ei- 
pired  it  barked  like  a  dog.  '  Ah  I '  said  MEQ-tlE-Saig^ro,  '  now  I  under- 
stand why  I  could  not  kill  tou  before.  Very  well,  you  shall  serve  my 
purpose  now.'  By  this  time  tlie  storm  has  reached  him,  but  be  is  in  no  wise 
alarmed  at  it.  He  commences  to  sing,  and  the  t«mp«et  at  once  subsides 
immediately  about  him.  Within  a  certain  radius  the  water  is  as  caJm  as 
a  Weltered  pond.  As  soon  as  he  had  secured  the  dog-loon  he  makes  for 
home  again.  On  bis  way  he  kills  a  great  number  (d  ducks  which  the 
storm  had  driven  shorewards.  He  shoots  so  many  that  they  overfill  his 
boat.  He  utters  siuuv'n  words  over  them  and  they  shrink  at  once  to  a 
small  compass.  He  then  fills  the  canoe  again,  after  which  he  makes 
directly  for  the  shaman's  landing-place.  The  tempest  is  still  raging  all 
about  him  on  every  hand  as  before.  When  he  reaches  the  shore  he  finds 
it  deserted.  Everybody  ia  indoors,  having  given  him  up  for  lost.  He 
enters  the  house,  and  when  his  wife  perceives  him  she  is  overjoyed  at  his 
return.  He  tells  her  he  has  killed  the  loon  her  father  wanted  and  bidsher 
go  to  the  s^um  and  bring  it  up  and  cook  it  for  her  father.  She  goes  down 
to  the  landing  and  takes  up  from  the  bottom  of  the  tub  what  appeared  to 
her  to  be  a  single  bird.  But  when  she  held  it  iii  her  hand  aoother 
appeared  in  its  place.  She  picks  up  this  also  only  to  find  the  same  thing 
occur  again  and  again.  Presently  her  arms  are  full,  and  yet  a  bird  re- 
mained in  the  bottom  of  the  tub.  She  goes  to  the  bouse  and  tells  her 
husband.  '  Take  your  big  basket,'  said  he,  '  and  pack  them  up  on  your 
back.'  She  does  so,  and  when  at  last  she  faa«  exhausted  the  supply  the 
house  is  half  full  of  ducks.  MEn-tlE-Saig'lEm  now  utters  aiutcen  words 
over  them  again,  and  they  are  reduced  to  apparently  a  few  only.  These 
he  takes  and  plucks  and  afterwards  roasts  them.  In  plucking  the  loon 
he  said  to  it  :  '  When  your  master  takes  you  up  to  eat  you  I  want  you  to 
bark  like  a  dog.'  When  the  birds  were  cooked  MEU-tlE-Saie'lEM  made  a 
cedar  dish  and  placed  them  upon  it  and  laid  it  before  the  shaman,  who 
began  at  once  to  partake  of  them.  When  he  commenced  he  thought  he 
could  easily  clear  the  dish,  but  as  soon  as.  he  has  eaten  one,  another 
appears  in  its  place.  Presently  he  takes  up  the  loon,  and  as  he  was 
eating  it,  it  barked  like  a  dog,  and  the  old  man  knew  at  once  that  his  son- 
in-law  had  outwitted  him  again.  Said  he  to  MEn-tlE-Soie'lsm  :  '  You 
have  beaten  me  again,  son-in-law.'  In  his  greediness  the  shaman  had 
overeaten  himself  and  now  become  very  ill.  Early  acxt  morning  he  calls 
out  to  his  daughter  to  come  to  him.  '  I  am  very  sick,'  said  he,  '  and  I 
want  your  husband  to  go  into  the  woods  and  gather  some  yil-twd'n 
(salmon -berries,  Rubus  ap.)  for  me.'  Now  it  was  winter  time,  and  not 
even  a  green  leaf  could  be  found,  much  lesa  fruit.  The  daughter  tella 
her  huaband  what  her  father  had  requested  him  to  do.  At  first  he  would 
not  get  up,  but  lay  and  thought  out  a  plan  of  action.  This  time  his 
patience  was  exhausted,  and  he  det«rmined  to  punish  hia  wicked,  selfish 
fatber-in-law.  When  he  had  thought  out  his  plan  he  got  up  and  requested 
his  wife  to  get  him  some  aWwi  (finely  beaten  inuer  bark  of  the  cod&r. 
Thuya  gigantea).  She  gives  him  some.  As  he  leaves  her  he  tells  her 
not  to  be  alarmed.  '  I  am  likely  to  be  delayed  in  my  quest,'  said  he. 
'  What  your  father  desires  is  not  easy  of  oocomplishment  at  this  season  of 
the  year.'  He  directs  his  steps  towards  the  for^t  and  pushes  hi*  vay 
through  the  thick  underbush  tiU  he  arrives  at  the  foot  of  a  mounthin. 
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H«re  he  comes  to  an  open  glade  (awa'wEk)  where  maoj  yit-twa'nai  Csat- 
mon-berry  bushes)  are  growing.  He  halts  here,  procures  some  bark  of 
the  klc'lai  or  older  tree  (Alnut  rubra),  and  chowin  j  this  blows  the  joioe 
from  his  mouth  upon  his  wad  of  slu'tm,  thus  dyeing  it  red.  But  only  the 
outer  bark  is  stained  red,  the  inner  remaining  yellow.  He  now  proceeds 
to  tie  little  tuft«  of  it  to  the  salmoD-berry  bushes,  some  of  the  tnfta 
being  red  and  some  yellow.  Kext  he  transforms  these  tufts  of  als'wi  into 
salmon -berries,  some  of  which  are  red  and  some  yellow.  This  originated 
the  salmon-berry,  and  thus  it  is  Uiat  the  fruit  of  one  bush  is  red  and  that 
of  another  yellow.  But  the  fruit  was  not  yet  ripe.  To  ripen  it  he  needs 
some  assistance.  So  he  next  proceeds  to  call  upon  some  of  his  anceston 
to  help  him.  He  invokes  them  in  the  following  terms  :  '  Come  to  me, 
my  grandparents,  and  help  me  ripen  thia  fruit  ! '  The  grandparents 
whom  he  calls  upon  for  this  purpose  are  the  tifc-tilCEnw,  or  humming- 
bird {TrochUus  gp,),  the  S'k'ukuTnJsnmi,  or  humble-bee  {SoirJiue  ap.),  and 
the  Qit,'  or  wren  (Troglodytes  kiemalis  ?).  The  two  former  were  males, 
the  latter  a  female.  The  bumble-bee  is  the  first  to  respond  to  the 
invocation.  He  buzzes  round  and  round  in  the  air  in  lessening  circles  . 
until  he  alights  upon  the  sshuon-berry  bushes.  He  is  followed  by  the 
humming-bird,  and  he  again  by  the  wren.  They  all  three  set  to  work  at 
once  to  ripen  the  berries.  He  begs  them  not  to  loiter  over  their  work, 
as  he  wants  the  berries  in  four  days  at  the  latest.  When  tlie  fourth 
day  arrived  all  the  berries  were  ripe  and  ready  for  picking.  He  bod 
brought  a  small  woven  basket  (lealeuk-)  with  him.  This  he  soon  filled, 
putting  into  it  only  red  berries.  When  it  was  full  he  uttered  iluvx'n 
words  over  it,  and  the  berries  immediately  sank  down,  leaving  room  for 
more  to  be  added.  When  it  was  full  the  second  time  he  put  it  aside  and 
makes  another  little  receptacle  from  alder>bark  (pl&'ko).  This  he  fills 
in  the  same  way  with  the  yellow  berries.  When  full  he  sprinkles  over 
the  fruit  some  of  the  needles  of  the  hemlock- spruce.  As  he  does  so 
he  converses  with  the  needles  and  instructs  them  in  this  wise:  '  Some  of 
yon  must  stick  to  the  berries,  and  when  my  father-in-law  eats  them  you 
must  stay  in  his  throat  and  not  let  him  swallow  you  or  spit  you  out. 
You  must  then  begin  to  grow,  and  go  on  growing  till  you  come  out 
through  the  top  of  his  bead.'  On  the  red  berries  he  sprinkles  no  leaves, 
intending  these  for  his  wife  and  sister-in-law. 

He  now  starts  homeward  after  thanking  his  grandparents  for  the 
help  they  had  given  him.  He  has  not  picked  all  the  berries  that  were 
ripened,  and  as  he  leaves  be  bids  them  enjoy  what  is  left  themselves.  On 
the  afternoon  of  the  fifth  day  he  arrives  home  with  bis  two  baskets  of 
berries.  He  calls  to  his  wife  and  says  r  '  Has  your  father  any  cedar- 
plates  {Qdpiyoitl)  1 '  The  wife  answers  that  he  has,  and  brings  him  one. 
On  thia  he  now  pours  out  the  yellow  berries,  some  of  which  have  the 
little  needles  of  the  spruce  still  sticking  to  them.  The  basket  of  red 
berries  he  gave  to  his  wife  and  sister-in-law.  He  then  presents  the  dish 
of  yellow  berries  to  his  father-in-law,  saying  as  he  does  so,  'Here,  S4q, 
Hre  the  berries  you  desired  :  they  have  cost  me  some  trouble  to  procure 
for  you.'    The  old  shaman  grumbled  when  he  saw  how  few  they  seemed. 

■  It  Is  loterestiDg  to  note  that  a  myth  of  the  Halda  (Qaeeu  Charlotte  Islandera) 
niaJcei  the  Wren,  called  also  by  them  Qit  or  Wkit,  the  riponer  or  the  wild  beniea 
She  Is  iDTOked  smong  them  in  a  sodk  the  wotds  of  which  I  ha^o  given  la  the  original 
wiA  a  free  tiaiuaation  in  mjr  aot«s  on  Saida  SteHe*  and  Stli*f'  (*ee  Second  Report 
pt  the  StfinolcjgiCBl  Survey  of  Canada,  1898). 
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'  I  could  eat  twice  that  quantity,'  said  be.  But  to  his  surprise  he  finds 
the  fruit  more  than  he  caa  consume.  Eat  as  many  as  he  will,  some  still 
remain  on  the  platter.  Presently  he  beginsi  to  cough  and  spit.  Some  of 
the  spruce  needles  have  got  into  bis  throat  and  he  cannot  dislodge  them. 
Between  his  spasms  of  coughing  he  cries  out :  '  Ah  !  son-in-law,  yoa 
have  beaten  me  this  time,'  8a3^iig  this  his  eye  [for  it  seems  be  possessed 
but  one)  begins  to  start  from  his  head,  and  presently  a  young  hemlock- 
spruce  burst  through  bis  crown  and  speedily  grew  into  a  bi^  tree. 
liRn-tlE- Sals' 1  Em  then  called  his  wife  and  sister-in-law,  and  ssid  to  them: 
'  We  will  go  away  and  leave  your  wicked  father  now.'  They  forthwith 
pack  up  their  belongings  and  start  off.  When  they  get  outside  of  the 
house  MEn-tlE-SaiS'lEm  gives  a  great  kick  to  the  back  of  it,  and  the 
whole  structure  falls  in  and  is  traneformed  into  a  big  rock  with  the  tree 
that  grew  from  the  old  shaman's  head  still  standing  up,  and  apparently 
growing  out  of  it. 

This  boulder,  which  the  Indians  used  to  look  upon  as  an  enchanted 
rock,  is  said  to  be  situated  near  Nanaimo.  Even  now  the  older  Indians 
believe  that  tiie  shaman  is  still  shut  up  in  it.  Thpy  declare  they  can 
Eometimee  hear  him  saying,  '  You  have  beaten  me  this  time,  sou-in-law,' 
and  if  any  one  passing  by  on  the  water  were  to  revile  it,  or  call  it 
opprobrious  names,  such  as  '  old  one-eye,'  they  believe  a  tempest  similar 
to  that  the  old  shaman  brought  upon  MEn-tlE-Saie'lsm  when  he  went 
after  the  loon  would  immediately  arise  and  drown  all  in  the  canoe. 

From  the  fact  that  this  rock  is  situated  within  the  bordei-s  of  the 
SnamaimuQ,  as  well  as  from  the  hero's  name  being  doubtful  Sk'qij'mic, 
it  is  pretty  certain  this  story  has  been  borrowed  from  the  Snamaimnq. 

Tb  QoitcUd'l,  the  Serpmt-ilm/er, 

A  long  time  ago  many  people  lived  at  Stamis,  a  village  at  the  month 
of  the  Sk-qi^mio  River.  The  son  of  the  chief  had  just  been  married. 
The  night  following  the  marriage,  just  before  daybreak,  the  old  people 
heard  the  cry  of  Tb  Slno'tlkai  (a  huge  double-headed  water- serpent)  as  he 
passed  from  one  side  of  the  mountain  to  the  other.  The  old  people  woke 
up  the  young  couple  who  were  sleeping  together  by  throwing  cold  water 
over  them,  and  told  the  young  man  that  he  ought  to  get  up  and  go  after 
the  Sino'tlkai.  The  youth  was  deeply  offended  at  this  treatment  on  his 
wedding  night,  and  would  not  at  £rst  stir  ;  bat  presently  he  said  to  his 
wife,  '  I  will  do  what  they  wish.  I  will  follow  the  Sino'tlkai  and  kill  it. 
Dont  be  alarmed  during  my  absence.  I  shall  be  away  only  four  days.' 
He  was  really  absent  four  years,  though  the  years  seemed  to  him  as 
days.  So  he  got  up  and  took  his  bow  and  arrows  and  blanket  and  went 
after  the  serpent.  When  he  came  upon  the  creature's  trail  the  stench 
which  it  had  left  behind  it  in  its  passage  was  so  terrible,  and  the  buzzing 
of  the  flies  which  the  smell  had  attracted  so  annoying,  that  he  was 
obliged  to  keep  some  distance  off.  From  time  to  time  as  he  went  along 
he  bathed  himself.  After  a  while  he  came  upon  the  serpent,  which  was 
lying  lengthwise  across  a  small  lake.  Its  heads  rose  up  on  one  side,  and 
its  tail  on  the  other,  Qoitcita'l  would  not  bathe  in  this  lake  where  the 
serpent  lay,  but  sought  out  another  spot  a  little  way  off.  The  serpent 
stayed  here  testing  the  lake's  capacity  for  the  space  of  two  whob  days 
as  it  seemed  to  Qoitcita'l.  In  reality  a  whole  year  thus  passed  away. 
It  then  went  on  again  followed  by  Qoitcita'l  as  before,   who  iMthed 
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himself  frequently  aa  be  weat  along.  They  came  to  severol  other  amall 
l&kea,  alt  of  which  the  serpent  tried  as  before,  but  none  of  them  was 
big  enongh  for  its  purpose.  Thus  the  third  year  passed,  which  to 
Qoitclt&'l  seemed  as  another  day.  At  last  the  sei^nt  came  to  a  lake 
lai^e  enough  for  it  to  swim  about  in.  Into  this  the  Sino'tlkai  dived.  On 
the  edge  of  the  lake  Qoitclt^'l  built  himself  a  house  and  watched  the 
serpent  which  from  time  to  time  came  to  the  surface  of  the  water  to 
disport  itself.  One  night  Qoitoltft'l  dreamt  that  he  killed  the  serpent 
witfi  a  big  heavy  spear  made  of  resinous  pine-wood.  In  his  dream  he 
seemed  to  be  in  a  large  canoe,  and  he  possessed  two  of  these  heavy 
spears.  So  when  he  awoke  he  built  himself  a  canoe,  and  made  a  couple 
of  spears  after  the  fashion  of  those  he  had  seen  in  his  dream.  When  he 
had  finished  bis  canoe  he  launched  it  on  the  lake.  The  serpent  was  not 
visible  at  the  time,  so  he  allowed  the  canoe  to  drift  about  as  it  would. 
By-and-by  the  serpent  came  to  the  surface  again  at  some  little  distance 
from  Qoitclta'l.  He  at  nnce  paddled  quietly  towards  it.  The  serpent's 
two  large  heads  were  now  raised  in  the  air  with  its  great  mouths  agape. 
When  it  opened  its  mouths  it  was  like  the  opening  of  two  fiery  ovens  ; 
and  the  cries  it  made  on  these  occasions  were  exceedingly  terrifying. 
Qoitcit&'l  paddled  towards  the  nearest  of  the  heads  and  struck  it  just 
at  the  junction  of  the  neck  with  one  of  his  spears  which  remained  sticking 
in  it.  He  then  hastily  paddled  towards  the  other  and  did  the  same  with 
it,  and  the  serpent  sank  to  the  bottom  of  the  lake.  Qoitclt&'l  there- 
upon went  into  a  trance  and  remained  in  that  condition  for  some  time. 
While  he  was  in  this  state  the  water  of  the  lake  rose  up  and  carried  him 
to  the  top  of  a  high  mountain.  When  he  came  out  of  his  trance,  in 
which  he  had  learnt  many  secrets  and  much  strange  knowledge,  he 
looked  intently  at  the  water  which  immediately  began  to  sink,  and  in 
a  little  while  the  whole  lake  was  dry.  He  now  descended  the  mountain 
and  got  down  to  the  bed  of  the  lake  across  which  he  perceived,  stretching 
from  side  to  side,  the  trail  of  the  serpent's  bones.  These  were  now  clean 
and  free  from  flesh,  and- some  of  them  were  curiously  shaped.  Some 
had  the  form  of  swords,  and  some  of  blanket-pins  or  brooches.  He  took 
possession  of  two  of  these — one  of  the  sword  kind  and  one  of  the  brooch 
kind — and  returned  to  his  house  on  the  edge  of  the  lake.  Having  now 
accomplished  his  task  he  determined  to  return  home.  He  accoi^ngly 
sets  his  face  homewards.  To  get  home  he  had  first  to  pass  over  many 
mountains  and  rivers.  One  day  he  perceived  a  fiock  of  mountain- sheep 
on  a  ridge  before  him.  Thereupon  he  takes  hia  new  sword,  vhich 
poGsessed  magio  properties,  and  waves  it  in  the  air,  and  all  the  sheep 
straightway  fall  down  dead.  He  now  skins  them  all,  and  dries  their 
hides.  When  they  are  dried  he  packs  them  up  and  takes  them  with 
him.  There  are  many  hundreds  of  them,  but  his  magic  enables  him  to 
carry  them  all  easily.  As  he  jouimeyed  on  he  came  to  a  certain  mountain 
which  it  was  necessary  for  him  to  cross.  But  his  passage  over  this  was 
hindered  by  the  presence  of  a  huge  snail  which  barred  his  way  whenever 
he  sought  to  cross  it.  He  tried  every  means  to  pass  this  creature,  but 
always  failed.  At  lost  it  occurred  to  him  to  use  the  Sino'tlkai- bone 
brooch,  which  like  the  sword  possessed  magic  properties.  He  now  points 
this  at  the  snail,  and  it  immediately  shrivels  up  like  a  green  leaf  in  the 
fire,  and  dies.  At  last  after  much  travelling  he  comes  to  the  head  of 
the  Sk'qO'mic  River,  at  the  mouth  of  which  his  own  '%illage  is  situated. 
Between  the  head  and  the  mouth  of  the  river  ther^  are  many  d'kuntmflq, 
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or  villages,  which  he  has  to  pass  on  his  way.  The  first  village  was  on  the 
eide  of  the  river  opposite  to  his  own.  When  he  got  over  againet  it 
he  covered  himself  with  a  white  blanket  and  sat  down  to  rest  and 
await  events.  The  people  of  the  village  soon  perceive  him  and  cry  ont 
to  oae  another  wondering  what  the  strange  white  object  is.  Said  one  to 
the  other, '  Let  ns  go  and  see  what  this  white  thing  is  on  the  other  side 
o£  the  river.'  They  all  come  down  to  the  river's  edge.  Qoitclta'l  now 
standa  up  and  waves  his  magic  sword  in  the  air,  and  all  the  people 
shrivel  up  as  the  snail  had  done,  and  fall  down  dead.  He  now  crossed 
over  the  river  and  took  a  Qok-o'UtEn,  or  large  basket  used  for  gathering 
herbs,  and  Glled  this  with  the  leaves  of  certain  plants  and  herbs.  He 
then  broke  these  up  and  bruised  them,  and  made  therefrom  some 
powerful  medicine  the  magic  properties  of  wliich  he  had  learned  in  his 
trance.  With  this  he  sprinkles  all  the  dead,  and  they  are  immediately 
restored  to  life  again.  After  this  the  people  take  a  number  of  canoes 
and  construct  from  them  a  large  raft.  On  this  they  place  Qoitclta'l  and 
present  him  with  a  great  number  of  blankets.  They  also  give  him  one  of 
the  girls  of  the  village  for  a  wife.  Qoitcita'l  accompanied  by  some  of  the 
people  of  the  village  now  goes  down  the  river.  At  every  villase  they 
come  to  Qoitclt&'l  kills  all  the  inhabitants  by  waving  hb  sword  as  he 
had  done  at  the  first  place,  and  afterwards  restores  them  to  life.  At 
each  stopping -place  he  is  presented  with  many  gifts,  and  a  girl  for  wife, 
and  some  of  the  people  accompany  him  ;  so  that  by  the  time  he  hoi 
reached  his  own  village  the  raft  is  loaded  with  people  and  presents,  and 
he  possesses  nearly  two  score  wives.'  When  he  arrived  at  Sta'mis  he 
does  the  same  there  as  at  sll  the  other  places  and  kills  everybody,  his 
own  parents  and  first  wife  included.  Then  he  brings  them  all  back  again 
to  life  except  his  wife.  He  does  this  to  impress  the  people  with  his 
power.  His  wife  had  token  another  husband,  and  so  to  punish  her  for 
her  want  of  trust  in  him  he  would  not  restore  her  to  life.  He  now  takes 
all  his  new  wives  and  presents  into  his  father's  big  house.  A  great 
feast  is  then  held  and  all  the  visitors  are  generously  entertained  for 
many  days.  There  was  no  scarcity  of  food  or  game,  for  Qoitcita'I  bad 
only  to  go  into  the  woods  and  wave  his  magic  sword  before  him  and 
everything  immediately  fell  dead  at  his  feet  From  this  time  on  Qoitcita'I 
became  a  great  man  and  the  chief  of  his  okwumfii/. 

Te  Sniiqicd'otl,  or  the  Deserted  Touth. 

A  youth  was  once  undergoing  his  k'Viaiyd'iOl,  or  training  for  medicine- 
man. He  had  led  an  isolated  life  in  the  forest,  according  to  the  custom 
of  novices,  for  some  time,  and  had  eaten  no  food  for  several  days.  Nov 
it  happened  that  just  at  this  time  there  was  a  scarcity  of  food  in  the 
village  to  which  he  belonged,  and  a  party  of  girts  had  gone  into  the 
woods  to  dig  Sadthtk-  (Plerig  aquilina)  for  food  for  themselves.  They 
had  secured  some  roots  and  had  roasted  and  eaten  them  in  the  woods, 
throwing  aside  the  hard  cores." 

As  the  youth  was  wandering  round  in  the  woods  he  came  upon  the 

I  Wives  acquired  io  this  way  are  cabled  b;  a  special  Dupe  to  distirguish  tbem 
from  those  obtained  in  the  ordinary  toatiner.  Tbia  term  is  AiiiUla'ntsm,  and  means 
'  presented  '  or  '  freely  given.' 

■  The  edible  part  of  this  root  when  roasted,  m?  inforniaiit  stated,  is  very  liks  in 
(ubstance  and  appearance  the  flesh  or  meat  ol  the  coBDa-UDt.  The  cmiei  part  onlj 
is  eaten,  the  Inner  part  Uein'g  a,  haid  core,  which  ts  throm)  aside.    In  tiiaea  cd 


Whi 


ON  T&E  ETHNOLoaiCAL  SnRV^Y  OF  CANADA.  533 

spot  where  the  girls  had  roasted  their  feni-roots.  AU  around  him  lay 
the  discarded  cores.  The  sight  of  these  was  too  much  for  the  young 
man's  hungry  stomaich,  and  he  sought  to  appease  his  cravings  for  food  by 

lawing  at  some  of  them.     This  occurred  towards  the  end  of  his  training. 

'hen  he  had  cotnpleted  his  k'tuaiyd'adt  he  returned  to  the  village.  Now 
wtien  the  eiders  of  the  village  learnt  that  the  girls  had  been  in  the  woods 
roasting  Sqo'tluk'  near  where  the  youth  was  undergoing  his  training  it 
entered  their  minds  that  he  might  break  his  fast  upon  the  remains  of 
their  meaL  So  when  he  returned  home  his  parents  undertook  to  test 
him.  They  did  this  by  drawing  scarifying  knivee  all  over  his  body.  In 
the  process  one  of  the  fern-root  oorea  was  drawn  out  of  his  flesh,  at  sight 
of  which  his  father  was  shocked  and  scandalised.  He  informs  the  people 
of  his  discovery,  telling  them  he  is  greatly  ashamed  and  grieved  at  his 
son's  wicked  deception.  It  is  decided  that  he  most  go  back  to  the  woods 
and  go  through  tjie  whole  procedure  from  beginning  to  end  over  again. 
So  he  returns  to  the  training-ground  and  enters  upon  a  second  course  of 
fasting  and  exercise.  No  one  expresses  any  sorrow  for  the  youth  except 
his  old  grandmother,  who  cries  when  she  leams  that  he  is  sent  back  in 
disgrace  to  repeat  his  trying  ordeal  once  more.  Among  the  personal 
belongings  of  the  youug  man  was  a  little  dog  which  was  much  attached 
to  him.  This  dog  the  old  grandmother  called  to  her  side  one  day,  and 
told  it  that  the  people  had  determined  to  go  away  from  the  village  and 
abandon  her  grandson,  who  had  disgraced  them  by  breaking  his  fast 
during  his  kwaiya'sOt.  '  When  your  master  returns,  said  she  to  the  dog, 
'he  will  find  the  village  deserted  and  all  the  fires  out.  I  am  very  sorry 
for  him  and  want  to  help  him  all  I  can.  I  intend  to  keep  all  the  cores  of 
my  SQd'tluk  and  make  them  into  charcoal  and  bury  it  in  a  big  clam-shell, 
and  when  my  grandson  returns  you  can  tell  him  where  to  find  it,  so  that 
he  will  not  be  without  fire.'  You  must  stay  behind  when  the  people  go, 
and  wait  for  your  master  and  do  as  I  instruct  you.  When  I  have  buried 
it  I  will  show  you  the  spot,' 

It  was  as  the  old  woman  had  told  the  dog.  The  whole  village  felt 
that  they  could  not  harlmar  a  youth  who  had  brought  such  shame  upon 
them,  and  so,  at  the  suggestion  of  Sk'auk',  the  Raven,  they  determined  to 
go  away  to  another  camp  and  leave  the  youth  to  his  own  resources.  To 
make  their  desertion  of  him  the  more  complete  and  exemplary,  when  they 
are  ready  to  start  they  take  water  and  pour  it  upon  all  the  fires  and  so 
put  tbem  dead  out.  Just  before  they  did  this  the  old  grandmother,  unob- 
served by  any  one,  converted  her  fern-root  cores  into  charcoal  and  buried 
it  in  a  clam-shell  near  one  of  the  posts  of  the  dwelling,  and  bade  the  dog, 
which  was  observing  her,  remember  where  to  bid  his  master  look  for  it. 
They  all  now  go  away,  taking  their  belongings  with  them,  the  little  dog 
alone  remaining  behind.  Some  time  afterwards  the  youth,  having  com- 
pleted his  course  of  training,  returns  once  more  to  his  home.  When  he 
perceives  the  abandoned  state  of  the  village  he  quickly  comprehends  what 
has  happened,  and  walks  up  and  down,  crying,  feeling  heart-broken  at 
their  desertion  of  him.     His  little  dog  tried  again  and  again  to  attract  his 

scardtf  and  famine  the  IndiaoB  had  frequent  recociM  t«  these  niols,  end  dng  up 
and  ata  large  quantities  of  them,  the  old  people  and  children  having-  little  else 
Indeed  to  sabsiat  opoD. 

'  It  wonld  appeal  from  the  precaution  here  taken  hj  the  old  grandmother  that 
the  prcMrration  of  fire  was  a  matter  of  snpreme  impoTtaoce  in  the  early  days  of  the 
ttibe,  and  the  procuring  ol  it  afresh  a  task  of  mnoh  diffioolty  and  troable.  i 
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attention  and  lead  him  to  the  apot  where  the  bnried  cores  were  smoulder- 
ing in  the  clam-shell ;  but  for  »  long  timehis  master  would  take  no  notice 
of  him.  Presently,  when  hisgriefhiMl  somewhat  subsided,  the  importunity 
of  the  dog  and  its  unusual  behaviour  aroused  his  attention.  For  the  dc^, 
on  perceiving  that  it  had  at  length  attracted  its  master's  notice,  had  run 
(.0  the  foot  of  the  post  where  the  fire  was  secreted  and  begun  rigorously 
Bcratehing  there,  looking  up  at  its  master  the  while  and  barking  excitedly. 
Said  the  youth  to  himself  :  '  I  believe  my  grandmother  has  buried  some- 
thing there  for  me.'  He  then  went  to  the  spot  and  speedily  discovered 
the  hidden  charcoal,  with  which  he  soon  made  himself  a  big  fire.  He 
now  made  a  bow  and  some  arrows  for  himself,  and  shot  many  small  birds 
and  chipmunks  {Tamiat  glriatut),  and  from  the  skin  of  these,  when  diy, 
he  made  himself  a  garment  to  cover  his  nakedness.'  After  this  he  makes 
a  big  box  in  front  of  tbe  house,  in  which  he  sits  and  looks  about  him. 

One  morning  just  about  sunrise  he  is  sitting  with  hisgay  robe  wrapped 
abont  him,  when  he  perceives  the  Sun  coming  down  to  him.  When  hia 
visitor  got  near  he  said  to  SqOqwa'otl  i  '  That's  a  fine  coat  you  have  on. 
I  would  like  to  make  an  exchange  with  you.  My  garment  has  magic 
qualities,  and  whoever  wears  it  need  never  want  for  food.'  'All  right,' 
said  the  youth,  '  111  exchange  with  yon.  I  am  badly  in  want  of  a  coat 
of  that  kind  just  now.'  The  exchange  is  forthwith  made,  and  each  puts 
on  the  other's  garment.  Then,  said  the  Sun  to  the  youth,  '  If  you  dip 
one  comer  of  my  cloak  in  the  water  when  yon  want  something  to  eat,  you 
will  always  be  able  to  obtain  any  amount  of  slau'it  (herrings).  Be 
cai'eful  not  to  dip  too  much  of  the  garment  in,  or  the  fish  will  choke  the 
stream.'  After  this  the  Sun  returned  to  his  own  country,  carrying  with 
him  the  youth's  cloak.  On  the  morrow  SQOqwa'otl  goes  down  to  the 
water  to  try  the  'medicine  '  of  his  new  garment.  He  dips  one  comer  in 
as  the  Sun  had  instructed  him,  and  immediately  the  water  swarmed  with 
fine  fat  herrings.  He  straightway  makes  a  tli'tamEn — a  kind  of  rake,  on 
the  spikes  of  which  the  fish  are  impaled  as  it  is  drawn  through  the  water. 
With  this  he  catches  great  quantities  of  the  fish,  after  which  he  threads 
them  on  strings  and  hangs  them  up  to  dry.  He  (»>ntiiiues  at  hin  task  till 
he  has  filled  his  father's  house  wiUi  them.  In  like  manner  he  then  pro- 
ceeds to  fill  the  hou^E  of  all  the  others  in  the  village  except  Sk-auJc'  the 
Raven's.  He  had  become  aware  by  some  means  that  the  proposition  to 
desert  him  originated  with  the  Raven,  so  he  would  not  give  him  any 
herrings.  On  the  contrary,  he  filled  his  house  with  the  stinking,  rotting 
entrails  of  the  fish  he  had  cleaned,  by  way  of  taking  his  revenge  upon 
him.  When  be  had  stocked  all  the  houses  with  dried  herrings,  K-lak'o, 
the  Crow,  paid  a  visit  to  the  village  one  day,  and,  being  hungry,  soon  dis- 
covered the  entrails  of  the  herrings  and  began  eating  them.  When 
StjAqwa'otl  perceived  the  Crow,  he  asked  him  if  he  knew  where  the  people 
of  his  village  had  settled,  and  whether  he  had  seen  his  grandmother. 
,  Yes,'  answered  the  Crow,  '  I  know  where  your  people  went.  They  are 
living  on  the  other  side  of  the  water,  and  every  day  I  hear  your  grand- 
mother crying  for  you.'  '  Ah  I'said  the  youth,  'I  am  sorry  for  my  grand- 
mother, and  X  want  you  to  take  these  four  herrings  and  give  them  to  her, 
when  she  is  outaide  and  nobody  is  looking,  and  tell  her  to  come  over  here, 
where  there  is  now  plenty  of  food.     I  know  they  haven't  much  over 

e  miut  wear  no  clothea.    He  mmt  go  euUiely 
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there.'  The  Crow  uadertookto  do  as  the  youth  requested,  and  started  off 
on  his  mission.  He  finds  the  old  woman  sitting  in  the  boiF  of  a  canoe 
crying  to  herself.  He  alights  on  the  edge  of  the  canoe  and  cries  out  to 
her  in  the  following  words  :  '  K'^,  kdq,  ts  teatcdd'tltEn  ts  um-mvn-maU, 
kaq ' ' — '  Plenty,  plenty  food  where  your  grandson  is,  plenty.'  He  then 
disgorges  the  four  herrings  which  he  had  carried  in  his  gullet  The  old 
woman  quickly  comprehends  the  message  her  grandson  had  aent  by  the 
Crow,  secretes  the  fish  on  her  person,  and  goes  bime.  At  eight,  when  all 
were  abed  and,  na  she  supposed,  asleep,  Uie  old  woman  approached  the 
fire  and  in  the  shadow  of  the  big  night  log  ^  produced  the  herrings  and 
began  to  roast  them  over  the  embers.  She  tliought  that  no  one  would 
observe  her  at  this  time  ;  but  it  so  happened  that  one  of  the  children 
woke  up  and  saw  her.  The  child  lay  near  the  father's  head,  which  was 
raised  some  little  distance  from  the  bed  by  the  bead-rest,  thus  leaving  a 
space  between  his  neck  and  the  bed.  Looking  tlirough  this  space,  uie 
cnild  observed  the  grandmother  cooking  and  eating  her  herrings.  She 
presently  roused  her  father  and  told  him  what  the  old  woman  was  doing. 
The  savoury  smelt  had  by  this  time  filled  the  whole  building  and  aroused 
everybody.  The  father  demands  from  the  old  woman  how  she  came  by 
the  herrings  she  had  been  stealthily  cooking.  At  first  she  made  no  reply, 
and  he  had  to  ask  her  the  same  question  three  times  before  she  would 
respond.  She  then  told  him  that  Uie  fish  came  from  her'  deserted  grand- 
son, and  that  the  Crow  had  brought  them  to  her  that  afternoon  with  the 
message  that  there  were  plenty  more  at  the  old  village.  On  the  following 
morning  the  chief  calls  all  the  people  together  and  tells  them  of  the  herring 
incident,  and  that  his  son  whom  they  had  deserted  was  living  at  the  old 
village  in  plenty.  He  proposes  that  they  shall  all  return  thither,  as  food 
is  scarce  in  their  present  quarters.  It  was  agreed  that  they  all  return. 
So  they  started  off  for  their  old  ii'kunimuq  in  their  canoes  and  in  duo  time 
arrived  at  the  landing-places.  They  came  in  siogle  file,  one  canoe  behind 
another.  As  they  drew  near  the  shore,  the  youth  donned  his  wonder- 
working cloak.  To  those  approaching  he  now  had  the  glorious,  resplen- 
dent appearance  of  the  noonday  sun.  They  could  not  look  upon  him  as 
he  sat  in  front  of  his  dwelling  for  the  dazzling  splendour  of  his  garment. 
Before  they  landed,  those  who  had  ksmkd'mai  (daughters)  dressed  them 
in  their  best  and  gayest  blankets,  for  the  purpose  of  presenting  them  to 
the  yoQth  as  wives.  Among  these  was  Raven,  who  had  two  daughters. 
These  he  not  only  dresfled  in  their  best  blankets,  but  also  painted  their 
foreheads.  Presently,  when  all  were  ready,  they  landed,  and  the  chief  led 
forward  his  daughter  and  offered  her  to  the  young  Shaman  as  his  wife. 
The  others  in  turn  did  likewise.  Raven  among  the  rest.  He  accepts  all 
but  Raven's  daughters.  These  he  scornfully  rejects,  and  tells  Raven  to 
keep  them,  that  be  doesn't  want  them,  and  will  have  nothing  to  do  with 
them.  He  then  bade  the  people  go  to  their  old  dwellings  and  they  would 
find  plenty  of  food  awaiting  them  there.  His  many  wives  he  takes  to  his 
own  house.    When  Raven  and  his  rejected  daughters  arrive  at  their  home 

'  This  ii  not  good  Skqu'mio.  The  crow  is  supposed  to  have  maogled  it, some- 
what In  coi'rect  Hk'qu'iDic  the  expression  wonld  be  tbns  rendered ;  K-Oq,  Jfdq,  iK 
ttevie'ilxn  ts  tlni-nii  tn  e'meti,  iaq.  It  is  possible  that  rhiBBtorf  is  not  of  Sk'qSmto 
origin,  hence  the  difference  in  the  form  of  the  ezpresiioi!.  I  called  my  infannant's 
attention  to  this,  but  his  explanation  was  that  this  was  the  crow's  way  of  talking. 

'  The  old  Indians  alira;s  banked  up  their  fiies,  before  retiring  for  the  night,  with 
one  or  more  big  logs.    These  kept  the  lire  smouldering  till  moming. 
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thev  find  it  fall  of  the  etinking  entraila  of  the  fish  witlt  Vhick  S<}Aqw&'od 
had  filled  their  neighbours'  dwellingg.  Thejr  are  so  hungry  that  the;  are 
fain  to  appease  the  cravings  of  their  stomach  by  eating  Uie  foetid  mass. 
Thas  did  SgOqv&'otl  revengs  himself  upon  Raven  for  his  part  in  the 
people's  desertion  of  him. 

When  everybody  had  once  more  assembled  about  his  dwelling 
SQOqw&'otl  invites  them  to  come  down  to  the  water's  edge  with  him. 
Upon  their  arrival  there  he  turns  his  cloak  about  and  dips  one  comer  of 
it  into  the  water,  and  immediately  the  spot  teems  with  fish.  At  first  the 
peo[Je  are  too  astonished  to  seize  the  fish,  but  presently  they  fill  their 
canoes  with  them.  From  that  time  onward  the  people  of  tiiis  village 
never  lacked  for  food,  and  SgOqwa'otl's  cloak  brought  him  much  honoor 
and  renown,  and  he  became  a  great  man  among  them. 

SmJtnd'tl,  or  the  Storjf  of  the  Chitft  BeoighUr. 
The  chief  of  a  certain  large  village  once  possessed  a  big  dog.  This 
dog  was  not  a  common  dog.  He  was  really  a  wi^rd,  who  had  assumed 
this  form  for  evil  purposes  of  his  own,  though  no  one  in  the  village  was 
aware  of  the  fact.  One  night  he  stole  to  the  bed  of  the  chief's  daughter 
and  ravished  her  in  her  sleep.  When  some  little  time  had  passed  the 
girl  found  herself  with  child  without  any  knowledge  of  the  person  who 
had  bronght  Uiis  shame  upon  her.  Suspecting  that  her  ravisher  would 
visit  her  again,  she  takessome  red  paint  and  mountain- sheep's  taUow,  and, 
mixing  the  two  into  a  paste,  smears  the  palms  of  her  hands  with  it. 
Before  she  has  discovered  the  author  of  her  trouble  her  father  perceives 
her  condition  and  questions  her  coaccming  it.  She  is  unable  to  give  him 
any  satisfactory  explanation,  and  he  is  much  grieved  and  ashamed.  The 
foUowing  night  the  dog-wizard  visits  her  again,  but  before  he  leaves  her 
on  this  occasion  she  presses  her  paint-smeared  hand  upon  his  shoulders. 
In  the  morning,  when  all  the  young  men  of  the  tribe  are  engaged  in  their 
exercise  on  the  village  ground,  she  scnitinises  their  backs  and  shoulders 
to  see  if  any  of  them  bear  the  imprint  of  her  hands  in  red  paint.  She 
passes  them  all  iu  review  before  her,  bnt  cannot  perceive  the  sign  she  is 
looking  for  on  any  of  them.  The  evening  of  that  same  day  the  dog  is 
lying  before  the  firo,  and  the  girl,  wishing  to  occupy  the  dog's  place,  takes 
a  stick  and  tries  to  drive  it  away.  At  first  the  dog  will  not  stir,  but 
eventually  it  consents  to  get  up  and  move  ofi".  As  it  does  so,  she  is  greatly 
surprised  to  see  marked  upon  its  shoulders  the  imprint  of  a  pair  of  harn^ 
in  red  paint  In  her  asttmishment  she  cries  out,  '  Oh  !  my  father,  I  have 
discovered  my  ravisher.  Look  at  the  dog's  shonlders ;  it  must  be  he.' 
The  father  looks  at  the  dog  and  perceives  the  paint-marks  upon  his  back. 
'  Very  well,  daughter,'  said  he ;  '  if  that  is  the  father  of  your  child  you 
cannot  live  with  me  any  longer.'  Thereupon  the  chief  goes  some  little  dis- 
tance from  the  village  and  builds  his  daughter  a  house  apart  by  itself.  When 
it  is  ready  he  sends  her  to  live  there.  The  chief  is  greatly  ashamed ;  and 
when  later  his  daughter  gives  birth  to  twelve  puppies  he  is  so  deeply 
mortified  by  the  whole  circumstance  that  he  calls  his  people  together  and 
tells  them  that  he  wishes  to  go  away  out  of  sight  and  sound  of  his  dis- 
graced daughter  and  her  unnatural  offspring,  and  proposes  a  change  of 
settlement.  They  agree  to  his  plan,  and  presently  all  pack  up  their 
belongings,  take  their  canoes,  and  paddle  away  to  a  near  village.  Near 
their  old  settlement  is  a  point  of>  land  or  promontory  (5jt*'uftM'S-£n,  cf. 
radical  for  nose)  stretching  out  some  way  into  the  water  and  hiding  the 
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view  beyond.  They  determine  to  settle  beyond  this  point,  where  they 
vill  be  out  of  sight  of  their  old  camp.  In  the  meantime  the  poor  deserted 
girl  does  the  best  she  can  in  her  lonely  state  for  her  strange  family.  Of 
the  twelve  puppies  two  only  are  females,  all  the  rest  are  mates.  When 
they  are  old  enough  to  run  about  the  mother  returns  witli  them  to  her 
father's  house  in  the  abandoned  village.  One  evening  she  split  some 
pitch-wood  for  torches,  and,  lighting  one  of  these,  she  went  down  to  the 
beach  to  dig  for  clams.  She  had  not  long  been  engaged  at  her  task  when 
she  heard  sounds  of  singing  and  dancing  coming  from  the  village.  She 
rushes  back  to  see  what  it  all  meaiks,  and  as  she  nears  her  own  dwelling 
perceives  the  sounds  to  come  from  it.  At  the  door  one  of  the  two  young 
bitches  is  standing.  When  the  latter  sees  her  mother  approaching  she 
warns  the  others  within  the  house,  and  the  sounds  at  once  cease.  The 
mother's  suspicions  are,  however,  roused,  and  when  she  enters  the  house 
she  asks  tbem  who  had  been  singing.  She  gets  no  response  to  her  question 
from  the  puppies,  who  are  now  speechless.  She  is  sure,  however,  she 
had  heard  the  sound  of  human  voices,  which  indeed  she  had,  for  her 
progeny  partook  of  the  wizard-nature  of  their  father,  and  had  the  poww 
to  throw  off  their  dog-natures  at  will.  This  they  had  done  in  their 
mother's  absence,  and  had  sung  and  danced  to  the  following  words  :  *  Our 
mother  thinks  we  are  dogs,  but  we  know  better.'  This  they  repeated 
many  times.  As  soon  as  the  sister  who  was  watching  informed  them 
that  their  mother  was  returning  they  stopped  their  singing  and  dancing, 
put  on  their  dog-skin  coverings,  which  they  had  thrown  aside  for  the 
occaaion,  and  resumed  the  form  and  character  of  puppies  once  more. 
Hence  when  their  mother  questioned  them  they  made  no  response.  After 
looking  round  the  place  she  returned  to  her  work  on  the  beach.  This 
time  she  took  a  mat  with  her.  When  she  got  to  the  beach  she 
stuck  the  torch  in  the  mud  and  made  to  go  on  with  her  digging  as 
before.  Her  intention  was,  however,  to  return  to  the  house  unobserved, 
and  learn  if  possible  the  meaning  of  the  dancing  and  singing  she  had 
heard  before,  and  which  now  began  again  as  soon  as  she  had  got  to  the 
beach.  To  this  end  she  took  her  s/culq  (clam-digger)  and,  plsjiting  it 
firmly  in  the  ground  behind  the  flaming  torch,  hung  upon  it  the  mat  she 
had  brought  for  the  purpose,  thus  shutting  off  the  light  from  the  village, 
and  causing  a  line  of  shadow  to  appear  between  the  beach  and  the  house. 
Under  cover  of  this  she  stealthily  makes  her  way  back  to  her  dwelling. 
She  sees  one  of  the  bitches  standing  in  the  doorway  as  before,  but,  being 
in  the  deep  shadow  of  the  mat,  she  herself  is  not  seen  by  the  watcher. 
She  is  thus  able  to  get  close  to  the  building.  She  steals  round  behind  it 
and  peeps  in  through  some  chink  in  the  wall,  and  is  greatly  astonished  to 
see  all  her  children,  except  the  watcher  at  the  door,  in  human  guise,  with 
their  dog-raiment  thrown  aside.  She  enters  suddenly  from  the  rear,'  and 
before  they  are  aware  of  her  presence,  pounces  upon  their  dog-garments 
and  casts  them  into  the  fire,  where  they  are  quickly  consumed.  Thus  she 
breaks  the  wizard's  charm  and  overcomes  his  '  medicine,'  and  her  children 
retain  thereafter  their  human  form.  She  now  reproaches  them  for  the 
deception  they  had  practised  upon  her.  '  It  is  entirely  due  to  you  and 
your  dog  disguises,'  said  she,  '  that  I  have  been  deserted  by  all  my  people 
and  left  in  my  present  forlorn  condition.'    They  all  listen  in  silence  for 

'  As  the  old  haosea  had  hut  one  door  or  moans  of  Ingress  and  egress,  this  entraiice 
on  the  part  oi  the  mother  froin  behind  is  not  clear.  My  narrator  wss  himself  anare 
of  this  discrepancy,  bnt  was  nnahle  t«  explain  it.  i 
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some  time,  and  then  the  eldest  boj  eaja  they  are  BOrry  for  her  and  Till 
now  help  her  and  make  her  happy  and  comfortable.  '  O  mother  ! '  said  be, 
'  I  know  what  I  will  do  for  you  :  I  will  become  a  great  hunter  and  kill 
lots  of  mountain-goats  for  you.'  The  second  then  cliimea  in  '  0  mother  J 
Z  know  what  I  will  do  :  I  will  build  you  a  nice  house  with  carved  posts' 
{Stutria).  The  third  then  says,  '  0  mother  !  I  will  become  a  great  fisher 
and  catch  lots  of  whales  and  seals,  itc'  In  like  manner  each  declares  in 
turn  what  he  intends  to  do  f>ir  her.  The  fourth  would  be  a  canoe-buitder 
and  build  them  all  canoes.  The  fifth  a  bear-hunter  and  bring  them  many 
bear-skina.  The  sixth  a  song-maker  and  dancer  and  make  songs  and 
dances.  The  seventh  a  bird-hunter  and  bring  home  many  birds.  The 
eighth  a  transformer  (suiwe'n)  and  wonder-worker.  The  ninth  would  be 
a  great  chief  and  look  after  everything  belonging  to  the  village.  The 
tenth  would  do  a  little  of  everything — in  short,  would  become  a  '  Jack-of- 
Kll-trades.'  The  mother  listened  to  them  all  without  making  any  remark. 
The  two  girls  now  chimed  in,  and  the  elder  declared  that  she  would  be  a 
great  ba^et-maker  and  make  all  kinds  of  baskets  for  her  mother  ;  and 
the  younger,  that  she  would  be  a  berry  and  root  gatherer  and  keep 
the  house  supplied  with  berries  and  roots.  The  day  following  they 
undertook  the  special  task  they  had  allotted  themselves.  The  hunters 
brought  home  their  different  kinds  of  games  and  presented  it  to  their 
mother,  while  each  of  the  others  presented  her  with  some  specimen  of 
their  craft  or  handiwork.  From  thistimeonward  they  lived  in  comfort  and 
happiness.  One  day  the  mother,  fearing  they  njight  on  some  occasion  go 
round  the  point  of  land  and  come  in  contact  with  her  former  associates 
and  friends,  with  whom  she  now  desired  to  have  no  dealings,  warned 
them  never  to  go  in  that  direction  or  they  would  get  into  trouble  and 
danger.  This  caution  served  bub  to  awaken  their  curiosity,  and  one  day, 
when  they  were  out  on  the  water  in  their  canoes,  one  of  them  remarked  to 
the  others,  '  I  believe  that  village  round  the  point  belongs  to  our  mother's 
people  ;  let  us  go  round  and  see.'  The  others  agreeing,  they  make  for 
their  grandfather's  settlement.  It  was  then  early  in  the  day,  and  in 
their  canoes  they  had  many  seal  which  the  fisher  brother  had  caught  that 
morning.  When  they  had  got  round  the  point  they  perceived  an  old  man 
sitting  on  the  beach,  They  direct  their  canoes  towards  him  and  land 
close  by.  The  old  man  observed  their  movements,  but  did  not  speak  to 
them.  Presently  one  of  them  accosts  him  in  these  words  :  '  We  think 
our  grandfather  lives  here  and  we  have  come  over  to  see  ;  can  you  tell 
us  1 '  The  old  man  then  asks  them  where  they  come  from.  They  tell 
him,  from  behind  the  point,  where  they  live  alone  with  their  mother.  The 
old  man,  who  is  really  the  chief,  their  grandfather,  perceived  at  once  that 
they  must  be  his  daughter's  children  who  were  bom  as  puppies,  and 
declares  himself  to  them,  telling  them  he  is  their  grandfather  whom  they 
are  seeking.  They  are  glad  to  learn  this,  and  present  him  with  all  the 
seals  they  had  brought  in  their  canoes.  The  old  chief  now  calls  some  of 
his  people  and  instructs  them  to  unload  the  visitors'  canoes  and  bring  the 
seals  up  to  his  house.  He  is  feeling  very  joyful  and  happy  (ts6'stauq). 
'Come  into  my  house,  grandchildren,' said  he  to  his  grandsons,  ' and  let 
me  tell  my  people  of  your  arrival.'  They  follow  him  into  his  big  house, 
where  the  rest  of  the  people  soon  assemble.  The  old  man  presently 
informs  them  that  the  strangers  are  his  grandsons,  the  children  of  his 
deserted  daughter,  and  proposes  that  they  shall  all  go  back  to  the  old 
settlement.     The  idea  is  accepted,  and  he  tells  his  grandsons  that  they 
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will  retnm  to  the  old  village,  and  will  arrive  there  with  all  their  beloDg- 
iiigB  early  next  morning.  The  yoang  men  then  bid  him  good-bye,  and  set 
oat  to  return  to  their  mother  to  tell  her  the  newa  It  is  late  in  the  day 
when  they  arrive,  and  their  long  and  unusual  absence  has  caused  her 
much  worry  and  anxiety.  She  has  almost  ^ven  them  up  for  lost  when 
they  are  seen  approochuig  the  lauding.  She  questions  them  conceming 
their  delay,  and  learns  that  they  have  visited  her  father  and  given  him 
all  their  seab  (a'auq),  and  that  he  and  all  the  rest  are  coming  back  to 
occupy  their  old  quarters  on  the  morrow.  Next  morning,  while  they  are 
busy  preparing  to  receive  them,  the  son,  who  was  a  giuiofn,  said  to  his 
mother  :  '  What  will  you  do  to  the  people  to-morrow,  mother  1  I  know 
what  I  shall  do  to  make  them  feel  my  power.'  His  mother  made  no  reply, 
but,  knowing  her  son's  wonder-working  abilities,  she  was  curious  to  see 
what  he  would  do.  Presently  the  canoes  were  seen  approaching  the  chief 
landing-place.  When  they  were  almost  near  enough  to  land,  the  tiuwe'n 
began  to  exercise  his  mt^c  power,  and  caused  a  strong  out-flowing 
current  to  take  the  canoes  and  carry  them  far  out  into  the  gulf  and  then 
bring  them  bock  again.  This  he  did  four  times  before  he  would  allow  them 
to  land,  and  it  was  evening  when  they  left  their  canoes.  The  sons  now 
make  their  mother  sit  down  in  the  foreground  of  the  village  on  an  elevated 
seat  and  pile  up  heaps  of  blankets  by  her  side.  The  sixth  son  then  opened 
the  reception  ceremonies  with  special  songs  and  dances.  In  the  first 
dance  two  bears  appear — one  a  cinnamon  {k'tialum)  and  the  other  a  black 
bear  (miaquU).  This  was  a  bear  dance.  These  are  followed  by  mountoin- 
goata,  aftor  which  all  the  brothers  dance  and  sing  together.  The  second 
brother,  who  was  skilled  in  carving,  danced  in  a  mask  of  his  own  carving.' 
The  visitors,  who  had  remained  in  their  canoes,  looked  on,  and  pronounced 
the  entertainment  a  great  success  and  the  character- dancing  very  fine. 
After  these  performances  are  over  the  people  land,  bring  up  their  belong- 
ings, and  occupy  their  old  quarters  in  the  village.  From  this  time 
onward  they  live  together  in  amity,  and  the  ten  brothers  are  accorded 
by  general  consent  the  rank  of  chiefs.^ 

Start/  <{fS(iiil»t  the  Coj^ptr-man. 
Once  there  were  two  brothers  named  A'tsaian  and  (^uk9nkIako's. 
Each  one  had  six  sons.  A\\  the  sons  were  fine  tall  men  except  one. 
The  youngest  son  of  Qukfuklak&'s  was  somewhat  deformed,  having  a 
large  protuberance  on  one  aide  of  his  stomach.  One  day  all  twelve  of 
the  youths  stalled  off  into  the  mountains.    They  climbed  three  successive 

'  The  Sk-qomic  used  formerly,  Bxx:ordin([  to  Chief  James  of  Bt&mis,  to  indulge  in 
dnuuatic  entertaismentx  of  the  kind  described  In  this  story,  which  has  i^paiently 
lieen  molTed  from  the  tribal  conscioasceas  toaccoant  for  the  origin  of  these  particu- 
lar masqueiadings  in  which  the  participants  appear  under  the  gaise  of  beara,  moun- 
taJD-gnats,  &c.  I  was  not  able  to  learn  that  the  right  to  participate  In  these 
chBiBcter-dancas  belonged  to  an;  particolar  family  or  gens. 

'  The  bestowal  of  the  mnk  of  chiefs  bs  a  mark  of  honour  and  esteem  upon  the 
ten  sons  of  the  chief's  daughter,  a«  here  related,  bears  ont  the  atalements  of  my 
informants  on  social  customs — viz.  that  children  of  a  cblers  danghter  take  the  rank 
of  their  father.  Althoagh  their  mother  was  a  tmma'tl  or  '  princess,'  they  could  not 
take  her  isjik,  as  their  father  was  of  inferior  birth.    The  conferring  of  this  special 

C'ril^e  upon  the  wizard's  sons  shows  us  also,  however,  that  men  of  inferior  class, 
possession  and  exercise  of  snperior  natoral  gifts,  or  by  the  performance  of  pnblio 
s,  could  upon  occasion  be  elevated  by  tribal  consent  to  the  tank  of  chiefs,  ai 
~  le  of  Tk  SQoqwft'otl,  the  heio  of  the  story  of  that  name.  ,  ~  t 

C.oogic 
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mountains,  and  after  they  had  passed  the  third  the;  aav  in  the  distance 
before  them,  on  the  brow  of  the  opposite  slope,  a  strange  5'iwumuq 
(vilUge).  As  they  stood  regarding  it  and  wondering  what  people  lived 
there,  they  presently  observed  a  roan  roUiog  a  big  copper  ring  down  the 
mountain-slope  opposite  them,  and,  as  soon  as  it  bad  reached  the  bottom, 
drawing  it  back  again  with  hb  breath.  When  they  saw  this  beautiful 
ring,  which  glinted  and  shone  in  the  sunlight,  they  determined  to  possess 
themselves^of  it.  To  this  end  they  adopted  the  following  plan  :  The 
eldeet  of  A'tsaian's  sons  was  to  go  down  into  the  valley  to  the  spot 
where  the  ring  stopped,  and  seize  it  when  next  it  came  down.  The 
brother  next  to  him  was  to  follow  after,  but  was  not  to  go  so  far.  All 
the  rest  were  to  do  likewise,  each  being  some  littie  distance  from  the 
other,  the  deformed  youth  being  last  and  consequently  nearest  home. 
They  adopted  this  plan  to  make  sure  of  secnring  the  ring,  being  all 
quite  well  aware  that  its  owner  would  not  lightly  part  with  it,  and 
that  the  attempt  might  end  disastrously  for  some  of  them.  A  little 
while  after  each  had  taken  his  place  tlie  ring  came  rolling  down  the 
hill  again.  Aa  soon  as  it  reached  the  bottom,  the  youth  stationed  there 
sprang  out  of  his  hiding-place  and  caught  it  up  and  immediately  ran 
towards  his  next  brother  with  it.  As  he  ran  he  found  himself  impeded 
ill  hb  movements  by  the  breath  of  the  man  who  was  palling  the  ring 
back  again,  and  he  had  great  difficulty  in  getting  along.  .  The  owner  of 
the  ring  perceived  that  something  had  gone  amiss  with  it,  and  came 
down  to  see  what  was  the  matter.  He  soon  discovered  the  youth 
struggling  off  with  his  ring,  and  straightway  made  after  him  to  recover 
his  treasure.  By 'this  time  the  young  man  had  reached  the  spot  where 
hb  second  brother  was  hiding,  and  just  as  the  wizard  was  about  to  seise 
him  he  threw  it  to  thb  brother,  who  immediately  ran  with  it  towards  the 
next.  Being  fresh,  this  one  made  a  good  start,  the  more  so  as  the  wizard 
stopped  to  punish  hb  brother  by  cutting  out  hb  heart.  This  he  ate  aa 
the  youth  fell  dead  at  his  feet.  He  tlien  started  after  the  other,  and 
came  up  to  him  just  as  he  got  to  the  next  brother  and  passed  the  ring 
on  to  him.  Thb  one  met  the  same  fate  as  hb  elder  brother,  and  like- 
wise had  his  heart  cut  out  and  eaten.  And  thus  it  was  with  all  of  them 
except  the  last,  who,  as  soon  as  he  obtained  possession  of  the  ring,  took 
the  lump  which  caused  his  deformity  from  hb  side  and  threw  it  at  the 
wizard.  Thereupon  a  dense  fog  arose,  and  while  hb  pursuer  tried  in  vain 
to  find  him  he  hastened  homewards,  recrossed  the  three  intervening 
mountains  safely,  and  presently  got  near  the  village.  As  he^  approached, 
he  called  out  to  his  father  (^^uk^uklako'a  and  to  hb  uncle  A'tsaian  that 
all  his  brothers  and  cousins  were  killed.  His  father  and  uncle  were  in 
the  house  at  tlie  time,  and  when  they  heard  him  shouting  they  climbed 
up  through  the  smoke-hole '  to  the  roof  to  hear  what  it  was  he  waa 
saying.  As  soon  as  they  understood  the  full  import  of  his  terrible  news 
they  threw  themselves  down  into  the  fire  to  mark  their  deep  grief,* 
whereupon  their  eyes  shot  out  like  fiery  sparks  and  went,  the  right  ones 
northwards,  and  the  left  ones  southwards.     Immediately  upon  this  the 

'  This  description  seems  to  suggest  a  "keetwilet-hoDBe'tatherthan  the  ordinary 
lam,  of  tbe  Sk'qo'mic.  Some  of  the  upper  Sk-qo'mlc  appear  to  have  ms^e  use  of 
the  keekwi lee-house,  one  of  their  villages  being  known  hy  tbe  term  iSk-imi'ti, 
which  in  Skqo'mic  signifies  a  keekwilee-house. 

'  This  practice  koqIiI  appear  to  have  benn  unosnal.  I  cannot  recall  that  It  has 
been  recorded  of  any  of  oar  B.C.  Indians  befon. 
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da;  became  olear  and  fine.  The  youth  now  enters  the  house  and  relates 
bia  own  and  his  brothejs'  and  cousins'  adventores,  and  diaplaya  the 
wonderful  copper  ring.  A'teaian  takes  the  ring  from  the  lad,  and  says  : 
'  I  know  what  we  will  do  with  thb  hoop.  I  will  hammer  it  down  thin 
into  a  copper  cloth  for  armour.'  He  therewith  takes  the  ring  and 
hammers  it  down  till  it  is  as  thin  as  a  piece  of  cloth.  They  now 
determine  to  go  over  the  mountains  to  the  strange  village  and  have 
their  revenge  upon  the  wizard.  A'tsaian  wraps  the  copper  cloth  ^  about 
his  body  and  fastens  upon  his  head  a  pair  of  mountain- sheep  horns,  and 
thus  equipped  they  all  three  start  out.  They  make  for  a  cliff  opposite 
the  wizard's  village.  When  they  have  reached  this  spot  (^uk^uklako's 
and  hie  son  hide  themselves,  while  A'tsaian  walks  to  and  fro  on  the 
edge  of  the  cliff  on  all-fours  as  if  he  were  a  mountain -sheep  grazing  on 
the  herbage.  He  is  soon  discovered  by  the  wizard,  who,  taking  him  for 
a  sheep,  iires  his  arrows  at  him.  The  copper  covering  A'tsaian  has  on 
prevents  the  arrows  from  piercing  or  injuring  him.  After  the  wizard 
had  shot  all  hia  arrows  he  climbed  the  cliff  to  see  why  the  sheep  had  not 
fallen.  He  walks  backwards  and  forwards  upon  the  brow  of  the  cliR 
picking  up  liis  arrows.  As  he  does  this,  A'tsaian  runs  at  him  and  prods 
him  with  hia  horns,  and  finally  pushes  him  over  the  cliff  so  that  he  falls 
down  and  is  killed,  (^uk^uklakd's  and  his  son  now  come  out  of  their 
hiding-place,  and  the  three  descend  the  cliff  to  where  the  wizard's  body  is 
lying.  They  now  proceed  to  cut  him  open,  and  inside  they  find  the 
eleven  hearte  oE  their  dead  children.  These  they  take  and  convey  to 
their  original  places  in  the  bodies  of  their  sons.  They  then  make  some 
powerful  medicine  and  restore  the  youths  to  life  again,  after  which  they 
all  proceed  home.  When  they  reach  their  own  village,  A'tsaian  converts 
the  copper  cloth  into  the  figure  of  a  boy,  whom  by  the  utterance  of 
magic  words  he  presently  brings  to  life.  This  boy  grows  into  a  powerful 
man  and  becomes  a  great  and  famous  hunter.  Being  made  from  copper 
gives  him  a  decided  advantage  over  other  men,  for,  however  much  he 
falls  or  is  knocked  about,  he  is  never  hurt  or  injured.  He  is  known  by 
the  name  Soiila. 

Te  Skauk;  the  Baven. 

Once  upon  a  time  Eaven  lived  by  himself  in  a  village  of  his  own. 
Near  by  his  dwelling  was  a  stream  in  which  he  had  set  his  salmon-trap. 
One  day,  on  going  to  the  trap,  he  found  a  fine  salmon  in  it.  When  he 
took  it  home,  and  was  cutting  it  open,  he  perceived  that  it  contained  two 
tlkdi  (milt,  or  soft  roe).  He  is  delighted,  and  daiices  about  with  joy  and 
cries  Ka  !  Ka  !  Says  he  now  to  himself,  '  Tbey  shall  be  my  wives.'  He 
hangs  the  tlkoi  upon  the  beams  of  his  house,  but  cooks  and  eats  the 
salmon,  leaving  only  the  tail  end  of  it.  Hai-ing  eaten  so  heartily,  he  feel.'! 
dull  and  sleepy,  and  throws  himfielf  down  by  the  fire,  with  his  back 
towards  it,  and  goes  to  sleep.  While  he  sleeps  he  calls  to  the  tikot  to 
come  down  from  the  beam  on  which  they  are  hung.  They  come  down 
and  are  changed  into  two  comely  yount;  women  with  very  white  soft  skins. 
They  laagh  at  Raven,  and  maVe  fun  of  his  scorching  back  and  feet,  which 
are  cracking  from  the  effects  of  the  heat.     They  presently  look  aboat  for 

■  In  the  Diart/  of  Captain  Taneonver,  in  his  lemarkg  nn  tht  Sk'^d'iDJc,  be  make* 
brief  mention  of  their  '  cOpp^  gumantB.'  The  allDsics  TBceivet  riomo  Hgtat  from 
thisitbry.    Tb^ae  'gannents'  were  pi^bal^ly  of  this  kind. 

,  V,  Google 
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something  to  eat,  but  can  discover  nothing  bat  the  scanty  remains  of 
Baven's  meal,  the  salmon  tail.  This  thev  qnicklj  dispose  o^  Raven 
continuing  to  sleep  heavily  all  the  vbile.  Said  one  to  the  other,  '  I  wish 
I  could  find  Skauk''s  comb  ;  I  should  like  to  comb  my  hair.'  The  other 
expressed  the  same  wish,  and  they  both  look  round  for  Raven's  comb. 
Presently  they  discover  a  little  basket  containing  what  they  sought,  as 
well  as  other  of  Skauk''8  belongings,  such  as  needles,  paint,  &c.  This 
they  appropriate.  They  comb  their  hair  and  paint  their  faces,  laughing 
all  the  time  at  the  slumbering  Aaven,  who  is  snoring  heavily.  Said  one, 
'  What  is  the  good  of  a  husband  with  cracked  feet  and  back  1  Let  as  go 
away  and  leave  him.'  The  other  agrees,  and  they  start  off,  carrying 
Raven's  little  basket  and  its  contents  with  them.  The  day  is  very  hot. 
Tbey  walk  along  the  beach  at  the  edge  of  the  water  towards  a  distant 
promontory.  As  they  proceed  they  shake  out  some  of  the  paint  which 
the  basket  contains,  and  which,  being  fine,  ia  scattered  all  about  the  beach. 
Since  that  time  the  beach  always  shines  and  glistens  in  the  sunlight. 
Just  about  the  time  ihat  they  were  nearing  the  distant  point  of  ^nd 
Raven  wakes  up.  The  first  tiling  he  did  was  to  look  up  and  see  if  his 
Cltdi  were  in  their  place,  He  finds  them  gone.  He  then  looks  for  the 
salmon-tail  he  had  left  over  from  his  dinner,  but  cannot  find  it  either. 
Then  he  searches  for  his  paint-basket,  but  it,  too,  is  missing.  Says  he  to 
himself,  '  I  think  the  tikoi  must  have  taken  them.  I'll  go  and  see  if  they 
are  outside.'  With  that  he  leaves  the  house  and  goes  down  to  the  water 
and  looks  up  and  down  the  beach.  He  perceived  the  two  young  women 
just  approaching  the  distant  promontory.  '  Ah,'  said  he,  '  they  are 
leaving  me.  I  must  go  after  them  and  bring  them  back.'  lliereupon  he 
set  out  to  overtake  the  fugitives  and  bring  them  back.  But  as  the  fire 
had  burnt  and  cracked  his  feet  badly  while  he  lay  in  his  heavy  stupor,  he 
finds  he  cannot  walk  fast.  He  is  obliged  to  stop  frequently  and  bathe 
them  in  the  cold  water.  In  a  short  time  the  young  women  pass  from  his 
eight  beyond  the  point,  and  he  realises  that  he  has  lost  them.  '  I  cannot 
overtake  them,'  says  he  ;  '  my  feet  are  too  sore.'  And  with  that  he  hobbles 
back  to  his  dwelling  again,  crying  and  groaning  as  he  went.  In  the 
meantime,  when  the  young  women  had  rounded  the  promontory  they  hear 
a  peculiar  noise.  This  noise  resembled  the  sounds  which  a  Fort  Douglas 
(Stlatlums)  woman  is  said  to  make  with  her  lips  when  she  wishes  to 
amuse  her  child  or  keep  it  from  crying.  They  look  about  them,  but  at 
first  can  perceive  no  one.  Presently,  however,  they  discover  two  old 
women  who  are  trying  to  stop  the  crying  of  a  baby  they  have  in  charge, 
the  mother  of  whom  is  away  in  the  woods  picking  berries.  Said  one  ot 
the  girls  to  the  old  women,  who  are  both  blind,  'You  don't  seem  able  to 
stop  the  child  from  crying.  Here,  give  it  to  me.'  The  old  women  gave 
up  the  child,  thinking  the  girl  was  the  mother  returned  from  her  berry- 
gathering.  The  two  girls  carry  off  the  child.  Some  little  time  after  the 
mother  returns  and  demands  her  baby  from  the  old  women.  Not  seeina 
her  child,  she  cries  out,  '  What  have  you  done  with  my  baby  t '  Bepliea 
one  of  the  old  women,  'Why,  we  gave  it  to  you  just  now.'  This  state- 
ment makes  the  mother  angry,  and  she  takes  a  big  stick  and  beats  the 
old  women,  crying  out  that  she  had  been  robbed  of  her  child.  As  she 
strikes  them,  one  of  the  pair  turns  into  a  sie'me  (some  kind  of  bird  which. 
I  was  unable  to  identify),  and  files  away  making  the  sound  peculiar  to  its 
kind  ;  the  other  is  transformed  into  a  Cauk-  (skull).  This  the  angry 
mother  throws  into  the  woods,  saying  as  she  does  vo,  '  Tou  can't  stay 
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here.'i  The  mother  searches  &I1  roand  for  some  trace  of  her  child.  She 
walks  all  night,  and  early  next  morning  comes  upon  the  girls'  tracks. 
Presently  she  finds  the  dead  body  of  her  child  on  the  ground,  but  the  two 
tlkoi  women  who  had  taken  it  had  entirely  disappeared. 

Slori/  of  SmSmEttS'n  and  Kaiq,  the  Skunk  and  the  Mink, 

Near  by  the  village  of  Stapas  (Gambler  Island,  Howe  Sound)  stands 
a  large  isolated  boulder.  This  rock  a  very  long  time  ago,  the  old 
Indians  believe,  was  a  big  Ud'anukautA'a  or  potlatch- house,  owned  by 
Mink  (Putoriua  (Lutreola)  vison)  and  his  sister  Skunk  {Mephiti*  mephiHca). 
It  was  transformed  into  a  huge  boulder  after  the  occurrence  of  the 
events  in  the  following  story.  One  day  Kaiq  (Mink)  called  his  sister 
SmEmEUS'n  (Skunk)  to  hiu)  and  bade  her  store  up  all  her  ttu'eom  ^  in  a 
number  of  boxes.  SmEmEtsS'n  did  as  she  was  instructed,  and  filled 
several  boxes  with  the  pungent  fluid.  These  Kaiq  fastened  down  in  an 
air-tight  manner  and  stored  them  in  a  pile  in  one  comer  of  the  house. 
After  this  he  sent  out  invitations  to  all  the  animals  and  birds  and  fish  of 
l^e  district  to  come  to  a  big  pratlatch  he  was  going  to  hold.  On  the  day 
appointed  the  guests  gathered  in  Eaiq's  tld'anukautu'ti.  The  building 
was  big  enough  to  hold  them  all  easily,  but  unfortunately  for  the  Whale 
the  doorway  was  too  narrow  for  him  to  get  through.  Eaiq,  prepared  for 
this  dilemma,  requested  him  to  put  his  head  and  shoulders  in  and  remain 
in  that  position.  With  some  difiiculty  the  Whale  complied  with  Kaiq's 
request,  and  jammed  himself  in  so  tight  that  later,  when  he  wished  to 
retire,  he  was  unable  to  do  so.  N'ow  the  Mink  was  on  very  bad  terrain 
with  his  neigh  hours  the  Wolves — indeed,  he  mortally  hated  the  whole  Wolf 
family,  and  had  actually  killed  one  of  them  a  few  days  before  the  feast. 
He  now  takes  the  tail  of  the  dead  Wolf  and  winds  it  round  his  head  like  a 
wreath  and  opens  the  proceedings  with  a  dance-  The  song  which  Kaiq 
kings  ashedanoesisallaboutthetsu'som  of  his  sister.  Skunk.  Hie  visitors 
presently  remark  to  one  another,  'What  a  dreadful  song  Kaiq  is  singing  !' 
Kaiq,  however,  continues  to  dance  and  sing,  making  his  way  gradually 
round  the  building  towards  the  corner  where  the  boxes  of  tau'som  were 
stocked.  When  he  is  close  to  the  boxes  Skunk  quickly  opens  them,  as 
■he  had  been  previously  instructed  by  Kaiq,  and  lets  the  tsu'som  escape. 
No  one  suspects  the  vile  purpose  the  two  have  in  yiew.  They  think  they 
are  unpacking  their  blankets  and  other  presents  to  give  them.  But 
presently  the  pungent,  suffocating  effluvium  fills  the  whole  building,  and 
they  realise,  too  late,  what  has  been  done.  Unable  to  get  out  because  of 
the  huge  form  of  the  whale  blocking  the  doorway,  after  many  frantic 
struggles  they  nearly  all  succumb  to  the  terrible  choking  stench,  four  of 
them  only  escaping  alive.  These  are  little  Louse  (AfElcin),  who  crawled 
into  a  crack  in  the  building  and  thus  avoided  the  effects  of  the  effluvium  ; 
little  Wren  (Qit),  who  escaped  through  a  knot-hole  in  the  side  of  the 
building  ;  Cod  (Ai'st),  who  also  managed  to  save  bis  life  by  throwing 
himself  into  the  water,  and  who  has  had  in  consequence  to  live  ever  since 
at  the  bottom  of  the  sea  ;  and  Mallard,  the  duck,  who  fiew  up  to  the  roof, 
and  thence  out  through  the   smoke-hole,  in  consequence  of  which  all 

.-'  '  HeDce.  eaj  the  Indiana,  arose  the  cuatom.  among  them  of  picking  up  and 
throwing  away  any  honea  they  foanfl  lying-  in  their  path. 

'  The  offensive  yellow  flnid  which  the  skunk  secretes  for  its  defence  against  its 
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Mallard -duoka  since  that  time  always  fly  skyward  when  they  first  rise  on 
the  wing. 

After  this  trick  of  Kaiq  and  his  ^istor,  his  Ud'anukauiii'Q  with  all  its 
contents  was  transformed  into  a  big  boulder,  and  the  tail  of  the  whale 
may  be  seen,  as  the  old  Indians  think,  to  this  day  itretching  out  as  a 
lateral  projection  beyond  the  centre  of  the  rock. 

Te  S!a'tlmS«,  th*  Rain-Man. 

Sia'tlmsa  lived  in  a  big  house  apart  by  ibieU.  The  inmates  consisted  of 
himeelf,  his  son,  and  two  old  women,  the  name  of  one  of  whom  was  Cauk' 
(skull).  Notveryfarawayinaneighbouring  village  lived  Skauk'itheRaven. 
For  some  time  past  Skauk'  had  been  trying  to  find  some  way  to  indace 
Sia'tlmBQ  to  make  some  rain.  The  season  had  been  extremely  hot,  and 
the  $un  had  dried  and  scorched  np  everything.  Everybody  had  suffered 
greatly  from  lock  of  water,  all  the  streams  in  the  iieighbaurbood  having 
been  dried  np  for  some  time  past.  But  nothing  he  had  done  hitherto  had 
induced  Sia'tlmBQ  to  take  any  notice  of  him  or  open  his  door.  It  was  the 
opening  of  ihe  door  of  Sia'tlmEQ's  dwelling  that  caused  the  rain.  If  the 
door  stood  ajar  it  rained  softly  ;  when  it  was  half  open  it  rained  heavily  ; 
and  when  it  was  wide  open  it  came  down  in  torrents.  Wkauk-  sat  in  the 
sweltering  heat,  parched  like  the  whole  land  with  thirst,  revolving  in  his 
mind  how  to  get  the  rain-maker  to  open  his  door,  and  so  save  the  people 
from  perishing.  Said  he  to  himself,  '  I  must  try  and  steal  his  son  and 
then  1  can  make  terms  with  him,  so  that  we  shall  not  be  subject  to  these 
terrible  periods  of  drought.'  But  Sia'tlmEQ's  house  was  very  strongly 
built,  and  for  a  long  time  Skauk'  does  not  see  bow  he  can  manage  to 
effect  an  entrance.  At  length  he  forms  a  plan.  He  calls  to  him  Ts'llwn, 
the  flea,  Ms'lein,  the  louse,  and  QSd'tsn,  the  mouse,  and  reveals  to  them 
his  intention  and  asks  for  their  aid  and  co-operation.  They  promise  to 
assist  him  and  do  what  be  desires  of  them.  One  evening  they  all  set  out 
together  in  a  big  canoe,  To'tlnm,  ME'tcin,  and  Qfi&'tKn  bringing  with  them 
all  their  relations,  so  that  the  canoe  was  full.  They  presently  anive  at 
Sia'tlmEQ's  house,  which  contains  no  opening  save  the  door,  which  is 
fastened  very  securely  from  the  inside.  It  was  dusk  when  they  arrived, 
and  Sia'tlmBQ  and  his  household  had  just  gone  to  bed.  '  Now,'  said 
Skauk-  to  the  others, '  you  most  manage  to  get  in  and  keep  Sla'tlmn) 
and  his  household  from  going  to  sleep  till  towards  morning.  They  will 
then  sleep  the  heavier,  and  we  shall  be  able  to  do  what  we  want  without 
waking  any  of  them.  I  will  wait  outside,  and  when  you  have  wearied 
them  out  and  at  last  permit  them  to  go  to  sleep  Qda'tEn  must  open  the 
door  and  let  me  in  and  I  will  carry  off  the  boy,  and  then  we  can  make 
our  own  terms  with  his  father.'  Responded  they,  '  Oh,  well  get  in  all 
right.  Strong  as  Sla'tlmEQ  has  made  his  house,  he  cannot  keep  us  out.' 
Thus  saying,  To'tlum  sought  and  found  a  crack  in  the  boards  and, 
creeping  through  this,  was  soon  in,  followed  by  all  his  people.  MB'tcin 
and  his  people  did  the  same,  while  Qoa'tsn  and  his  friends  found  a  knot- 
hole, through  which  they  forced  their  way.  When  they  were  all  inside 
they  proceeded  without  delay  to  make  things  uncomfortable  for  the 
inmates.  The  fleas  got  into  their  blankets  and  bit  their  bodies,  the  lide 
into  their  hair  and  did  the  same  there,  and  the  mice  kept  up  such  a 
Bcptchjng  and  gnsmng  that  frOm  the  tht^  c^HS^  together  it  was  im- 
possible for  any  of  them  to  go  to  sleiep.     They  tc^'^  and  ^iiied,  scratched 
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iheir  bodies  luid  heads,  and  shook  their  blankets  again  and  again,  but  all 
to  no  purpose  ;  and  not  until  late  in  the  night,  when  the  mice  ceased  their 
noise,  and  the  fleas  and  lice  left  them,  did  they  get  any  sleep.  Then,  worn 
out  and  heavy  with  sleep,  all  sank  into  deep  slumber.  Qoa'tsn  now 
opened  the  door  and  let  in  the  waiting  Bkauk',  who  quietly  takes  the  rain* 
maker's  sleeping  son  in  his  arms  and  carries  him  down  to  the  canoe.  In 
leaving  Sta'tbnEq's  dwelling  fjkauk-  sets  the  door  ajar,  and  the  rain  at 
onoe  begins,  to  fall  lightly.  As  soon  as  the  child  is  placed  in  the  i^anos 
they  leave  the  place  and  return  to  Skauk^'s  house.  ■  When  they  arrive 
Skaak-  takes  the  still  sleeping  boy  to  his  house  and  lays  him  on  his  bed. 
About  the  time  that  Skauk'  and  his  friends  got  home  t^Ia'tlmBQ  woke  up 
and  found  his  door  ajar.  He  soon  discovers  that  his  son  is  missing.  He 
ia  much'  grieved  and  goes  out  and  looks  about.  As  he  does  so  he  opens 
the  door  wide  and  leaves  it  in  that  position,  thus  causing  the  rain  to 
descend  in  torrents.  Suspecting  who  had  robbed  him  of  his  child,  he 
presently  takes  his  canoe  and  makes  for  Skauk's  landing.  When  be 
arrives  he  anchors  his  canoe,  but  does  not  get  out  of  it.  The  rain  does 
not  incommode  Sia'tlmEq  in  the  least.  Although  fae  has  come  some 
distance  in  his  canoe,  and  it  has  been  pouring  all  the  while,  not  a  drop  has 
fallen  npon  him  or  in  his  canoe.  Wherever  he  is  no  rain  falls  within 
a  certain  radius  of  him.  The  creeks  and  streams  are  now  full  of 
wat«r,  and  the  whole  land  is  drinking  in  the  long-desired  rain.  When 
Sta'tlmBQ  reached  the  landing  he  asked  the  people  if  they  had  seen  or 
knew  anything  of  his  son.  '  Yes,'  they  reply,  *  he  is  here.  Skauk'  has 
bim.'  '  Tell  Skauk*  to  come  to  me,'  said  the  rain-maker,  who  still  sat  in 
his  canoe.  Skauk'  comes  down  to  the  water's  edge.  Said  Sla'tlmEQ  to 
bim  :  *  You  have  my  son  here,  I  learn.  Why  did  you  steal  him  away  1 ' 
'Yes,'  replied  Skauk',  'your  son  is  here,  but  I  did  not  steal  him.  I  only 
brought  bim  here  because  we  were  badly  in  want  of  water,  and  I  did  not 
know  bow  otherwise  to  get  you  to  give  us  rain.  I  do  not  wish  to  rob  yon 
of  yonr  child,'  continued  he.  All  the  people  were  dying  for  want  of 
water.  You  would  not  open  your  dwelling  to  me,  and  so  I  got  some  of 
my  friends  to  help  me,  and  together  we  found  a  way  to  open  your  door, 
and  while  you  slept  I  brought  away  your  son.  But  I  am  willing  to 
restore  him  to  you  if  you  will  be  friends  with  us  and  give  us  rain  whenever 
we  want  any..  I  cannot  bear  to  see  all  the  people  die  and  all  the  berries 
and  roots  fful  us  for  wont  of  water.'  Sla'tlmBQ  replied  :  'Very  well,  I  will 
be  good  friends  and  do  as  you  request,  only  give  me  back  my  son.'  Skauk- 
gives  the  rain-maker  back  his  child,  and  the  two  return  to  their  own  bouse. 
Before  Sia'tlmEQ  left  he  promised  to  open  his  door  every  now  and  again 
from  that  time  on.  Said  he  :  'I  will  keep  my  door  shut  for  five  or  ten  or 
perhaps  twenty  days,  then  I  will  open  it  again  for  a  little  while  and  you 
shall  have  plenty  of  rain.'  As  soon  as  he  got  home  he  closed  his  dwelling 
and  the  rain  ceased  at  once.  About  a  week  after  he  opened  it  again  for 
some  time  and  the  rain  again  fell.  This  he  did  from  time  to  time,  and 
has  ever  since  continued  to  do  so  ;  and  thus  it  is  that  the  rain  falls  on 
some  days  and  not  on  others,  and  we  have  periods  of  wet  alternating  with 
periods  of  dry  weather. 

Skauk-  and  E-teaie'tEk,  or  the  Origin  nf  DayUght. 

TeT7  long  ago,  in  the  early  days,  it  was  always  dark,  the  daylight  being 

then  shut  up  in  a  box  and  carefully  stored  away  in  the  dwelling   of 

KtcoWtEi,'  the  Seagull,  who  alone    possessed  it.'    Q^his  condition  of 
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thinga  had  gone  on  for  &  loog  time  when  Skauk',  the  Baren,  detennmed 
to  make  hb  brother  K'waie'tsk  share  hia  precious  treasare  with  the 
rest  of  the  world.  So  one  da;  he  mode  some  torches,  and  lighting  aoma 
went  down  to  the  beach  when  the  tide  was  out  and  sought  for  sk-de'taai 
(Echini).  Having  found  as  many  aa  he  required,  be  took  them  home  and, 
after  eating  their  contents,  placed  the  empty  shells,  with  their  spinra  stil! 
attached  to  them,  on  a  platter.  These  he  stealthily  takes  to  his  brother 
K'waie'tEk's  house  and  spreads  them  over  his  doorstep  so  that  he  cannot 
come  out  without  treading  upon  them  and  running  the  spines  into  his 
feet.  Next  morning  when  K'waie'tEk  came  ont  of  his  dwelling  he  trod 
upon  the  ak-6e'l»ai  shells  and  ran  several  of  the  sharp  spines  into  his 
naked  feet,  which  made  them  so  sore  that  he  was  obliged  to  keep  indoors 
and  nurse  them.  Later  in  the  day  Skauk'  came  along  ostensibly  to  pay 
his  brother  a  friendly  visit,  but  really  to  see  how  far  his  stratagem  for 
procuring  the  S/etiail,  or  Daylight,  had  been  saccessfuL  He  finds  K'w&i^'tBk 
laid  np  unable  to  walk,  with  his  feet  very  painfnl  and  much  swollen. 
'What  is  the  matter,  brother  E.'waie'tEk  ?'  said  the  Raven.  'Oh,' 
responded  he,  '  Z  think  some  of  yonr  children  must  have  been  playing  on 
my  doorstep  last  evening  and  left  some  ak'M'teai  there  ;  for  dus  morning 
I  trod  upon  some  aa  I  was  leaving  the  house  and  the  shells  most  have 
pierced  my  feet,  and  they  arp  so  sore  and  swollen  in  conseqaence  that  I 
can't  put  them  to  the  ground  without  pain.'  '  Let  me  look  at  them,'  said 
Skauk' ;  '  perhaps  I  can  find  the  spines  and  take  them  out  for  you.'  So 
saying,  he  took  hold  of  one  of  his  brother's  feet  and  pretended  to  take  ont 
the  sea-urchins'  spines,  which  had  embedded  themselves  in  the  flesh,  with 
his  knife.  He  dug  the  instrument  in  so  roughly,  and  gave  his  brother  so 
much  pain,  that  the  latter  cried  out  in  his  agony.  '  Am  I  hurting  you  I ' 
questioned  Skauk*.  '  It  is  so  dark  I  can't  properly  see  what  I  am  doing. 
Open  your  Skoail-boz  a  little  and  I  ahitll  be  able  to  see  better.'  K'waie'tKk 
did  as  his  brother  suggested,  and  opened  the  lid  of  the  box  in  which  he 
kept  the  Daylight  a  little  way.  Skauk'  continued,  however,  to  hack 
away  at  his  foot  ander  pretence  of  taking  the  spines  out,  and  presently 
E'waie'tsk  cried  out  again.  Said  the  Raven,  '  If  I  hurt  you  it  ia  your 
own  fault.  Why  don't  you  give  me  more  light  1  Here,  let  me  have  the 
box.'  His  brother  gave  him  the  box,  cautioning  him  the  while  to  be 
careful  and  not  open  the  lid  too  wide.  'AH  right,'  said  Skauk',  and  he 
opened  the  lid  about  halfway.  Then  he  made  as  if  to  continue  his 
operation  on  bis  brother's  feet,  bnt  as  soon  as  he  turned  round  he  swiftly 
threw  the  lid  of  the  box  wide  open,  and  all  the  Daylight  rushed  ont  at 
once  and  spread  itself  all  over  the  world,  and  could  never  be  gathered 
again.  When  K'waie'tEk  perceived  what  his  brother  had  done,  and  that 
his  precious  Skdail  was  gone  from  him,  he  was  much  distressed,  and  cried 
and  wept  bitterly  and  would  not  be  comforted. 

Thus  it  b  that  the  Seagulls  to  this  day  never  cease  to  utter  their 
plaintive  cry  of  k'n-ni  -  -  -  i,  k'n-ni  -  -  -  i, 

Tie  Ka'k'laitl,  the  Witch-Giantea. 

Once  upon  a  time  a  number  of  children  were  swimming  and  playing 
about  in  the  shallow  water  on  the  beach.  The  children  were  of  all  agea— 
some  quite  young,  others  oUler.  One  of  the  oldest  of  them,  a  big  boy 
named  Tetke'tsGn,  was  sitting  on  the  beach  watching  the  others,  and 
making  some  arrows  for  himBelf.    S«  was  sitting  wi£  hia  back  to  the 
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torest,  so  did.  not  observe  tha,t  a  Kalclaitl,  or  huge  witch,  wu  stealing 
upon  them  out  of  the  woods.  When  she  got  to  him  she  caught  him  up 
and  threw  him  over  her  shoulder  into  her  hig  tao'maicin  (basket  made 
from  woven  snakes).  The  lad  retained  his  hold  of  his  knife  when  she 
dropped  him  into  the  basket.  She  nest  proceeded  to  where  the  other 
children  were  huddled  tt^ether  in  a  terrified  group  and  threw  them  also, 
one  by  one,  over  her  shoulder  into  the  tso'maicin,  and  carried  them  off 
into  the  forest.  She  had  not  proceeded  far,  however,  when  Tetke'tsEn, 
making  use  of  his  knife,  cut  a  hole  in  the  bottom  of  the  tso'maicin,  and 
dropped  the  smaller  children  one  at  a  time  through  the  opening  on  to  the 
ground.  They  made  some  tittle  noise  as  they  dropped,  thus  attracting 
the  Kani'laitl's  attention.  She  called  out  to  Tetke'tien  to  know  what  it 
meant.  Said  she,  '  What  is  that  sound  (J^min)  I  constantly  hear  t ' 
Tetke'tiBBn  replies  quickly,  '  It  is  only  the  noise  of  your  heels  as  you 
walk,'  and  continues  dropping  the  little  ones  through  the  hole,  bidding 
them  run  home  as  fast  aa  they  could  aa  he  did  bo.  By  the  time  the 
K&'klaitl  reached  her  dwelling  in  the  forest  none  but  the  bigger  children, 
who  were  too  stout  to  pass  through  the  aperture,  remained  in  the  basket. 
These  she  takes  into  her  house  ;  after  which  she  builds  an  enormous  fire, 
putting  into  it  a  great  number  of  big  stones.  These  soon  got  red  hot 
from  the  fierce  heat.  Next  she  takes  some  pitch  and  smears  it  over  the 
eyes  of  the  children,  so  that  they  cannot  raise  their  eyelids  or  see  what 
is  going  on.  While  she  was  busy  over  the  fire  Tstke'tsEn  had  wai-ned  his 
companions  against  thia  trick  of  the  Ka'klaitl,  and  had  instructed  them 
to  screw  up  their  eyes  very  tight  (  Yd-  Ya')  when  she  attempted  to  pitch 
them.  Some  of  them  were  careful  to  regard  his  injunctions,  but  others 
were  heedless  and  closed  their  eyelids  but  slightly  (mukm'uk).  When 
Tstkg'tsEn's  turn  came  he  screwed  his  eyelids  together  so  dosely  that 
but  little  of  the  pitch  got  on  the  lashes,  and,  on  trying  a  moment  after  if 
he  could  open  them,  found  to  his  great  satisfaction  that  he  could  without 
much  difficulty.  He  then  tells  the  others  to  open  their  eyes.  Some  of 
the  others  are  able  to  do  so  a  little  ;  others  are  not  able  to  separate  their 
lids  or  see  at  all.  The  E&'klaitl  now  places  them  in  a  ring  round  the 
fire  at  some  little  distance  from  it.  In  the  space  between  it  and  them 
she  then  commences  to  dance  and  sing,  arranging  at  the  same  time  the 
heated  stones  aa  she  circles  round  the  fire.  The  words  of  her  song  are 
'ntsaqala  ie  ela^ahwitl.^  TStke'tsKn  repUes,  'Come  opposite  me,  grand- 
mother, but  keep  your  eyes  closed  or  the  heat  of  the  fire  will  bum  them.' 
She  continues  dancing  and  singing  till  she  gets  between  him  and  the  fire. 
Then  he  opens  his  eyes,  and,  springing  forward,  gives  her  a  great  shove 
and  pushes  her  into  the  fire,  and  she  falls  on  the  burning  stones.  'Open 
your  eyes,'. said  Tetke'tsEn  to  the  others,  'and  come  and  help  me  keep 
her  down.'  They  respond  to  his  call,  and  taking  up  the  spare  firewood 
heap  it  upon  her,  covering  her  up  entirely  with  it.  She  screams  out, 
Ttdl  camps  Tetke'lsEn .'  Tlal  camps  TeikffUEn  I '  '  Take  me  out,  Tetkfi't- 
SBU  !  Take  me  oat,  Tetke'tsEn  ! '  Replied  he,  '  We  are  trying  to,  grand- 
mother, but  you  are  bo  heavy.'  They  continue  to  pile  on  more  wood, 
which,  presently  blazing  up,  consumes  the  Ka'k'laitl.  But  even  when  her 
body  is  consumed  her  bones  still  cry  out  '  Tldt  eampg  Tetke'UBn  I '  tor  she 
cannot  die.  They  watch  the  fire  bum  down  and  then  collect  the  ashes. 
These  Tetke'tsEn  blows  upon  and  scatters  abroad,  and  they  are  turned 

'  In  good  SkqO'mla  tbid  word  ii  iMD'tl  oi 
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into  little  birds  (Icitc&c)  known  locally  as  '  snow-birds.'  Those  wto  could 
not  open  their  eves  for  the  pitch  now  cried  out  to  Tekte'teKn  to  help  tham. 
At  first  he  could  do  nothing  for  them,  but  on  looking  round  the  Ka'klaitl's 
dwelling  he  discovers  some  oil  and  grease.  He  rubs  their  eyelids  with 
some  of  this,  and  thus  dissolves  the  pitch,  so  that  they  can  again  open 
them  and  see.  After  this  he  takes  them  all  home  to  their  parents,  who 
had  given  them  up  for  lost. 

Te  Sk'lav,  the  Beaver. 
Once  upon  a  time,  long  ago,  Sk'lau  had  a  large  family  of  boyi.  Not 
far  off  from  Sklau'a  dwelling  there  lived  all  alone  a  woman  named 
QumB'l&wit  (Frog).  It  we^  winter  time  and  the  weather  was  very  cold, 
snow  covering  all  the  land  and  thick  ice  all  the  wat«r.  Sk'Jau  called  hia 
sons  to  him  and  bade  them  go  and  gamble  (tfa'-ff'sllq)  with  the  Ice- 
'  Play  hard,'  said  he,  'and  don't  give  up  tiU  you  have  won.'  So  the  boys 
gamble  with  the  Ice  and  play  continuously  without  break  for  two  days 
and  nights.  On  the  second  night  Sklau  goes  to  the  dwelling  of  QumE'- 
lOwit  and  tells  her  he  wants  her  for  his  wife.  QumK'lowit  gets  angry  and 
reviles  him  bitterly.  She  strikes  him  and  sends  him  away.  Sk'lau  is 
very  sad  and  cries,  saying  '  o'a'h  !  o'a'h  ! '  As  he  goes  home  he  hears  bis 
boys  singing  over  their  gambling.  '  Manl  ua  kaiU-kaiU  mdtyu  /  Jlanl 
ua  kaitl-kaitl  maiyu  I ' — '  Ice  crack  open  !  Ice  crack  open  !  '^repeat  tiiey. 
Presently  the  ice  began  to  groan  and  crack,  and  by  morning  the  water 
is  open  and  the  ice  gone.  When  Sk'lau  perceives  the  open  water  he 
plunges  in,  frisking  and  leaping  like  a  Salmon.  Presently  tJie  rain  begins 
to  fall,  increasing  in  violence  as  Sk'lau  leaps  and  sings.  In  a  short  time 
the  water  rises  and  overwhelms  the  house  of  Qums'lowit,  who  becomes 
greatly  alarmed  for  her  safety,  and  calls  out  to  the  Beaver  in  her  fright 
'  AnS'tltcin,  Sk'lau !  AnS'tltein,  Sk'lau  /  Anoll,  dno  -  -  -  tl ' — '  I  con- 
sent, Beaver  !  I  consent,  Beaver  !  Consent,  oonsen  -  -  -  nt ' — screamed 
she.  The  only  notice  Sklau  takes  of  her  now  is  to  call  back  :  '  Cc  !  c6  ! 
I  am  not  such  a  bad  fellow,  after  all,  eh  t  Like  to  marry  me  now,  would 
yon)'  QumElOwit's  house  is  now  full  of  water,  and  she  struggles  with 
difficulty  on  to  the  roof  of  it.  Sklau  continues  his  plunging  and  leaping, 
and  when  the  water  is  about  to  wash  her  off  the  roof-top  she  seizes  a  log 
that  is  floating  by  and  jumps  on  to  it  and  is  carried  away.  After  she 
had  floated  about  for  some  dme  the  log  is  stranded  in  a  strange  country. 
!Not  far  off  she  sees  a  large  house.  She  goes  forward  and  peeps  in. 
Within,  reclining  on  his  bed,  she  perceives  a  man  with  a  very  round  head 
and  big  face.  It  was  the  Moon-man.  She  enters  the  building  and  seats 
hersell  on  the  side  of  the  fire  farthest  from  the  Moon.  Said  he  now  to 
her,  'Come  and  sit  at  the  foot  of  my  bed.'  '  Do  you  think  I  came  here,' 
responded  she,  '  to  sit  at  the  foot  of  your  bed  1 '  '  Come  and  sit  on  my 
lap,  then,'  returned  ho.  '  Did  I  come  here  for  tliat  purpose,  do  you  think  ? ' 
was  her  reply.  '  Come  and  sit  on  my  breast,  then,'  said  he  again  ;  '  perhaps 
.that  will  please  you.'  'I  did  not  cotno  here  for  that  purpose  either,' 
'  was  her  response  to  this  invitation.  *  Well,  come  and  sit  on  my  forehead 
.  then  ! '  To  this  she  consents,  and  thereupon  jnmps  up  on  his  ^ce,  where 
.she  has  remained  ever  since. ^ 

'  This  story  in  part  etronglj  recalls  that  of  '  Snuya  and  the  Frog,'  which  I 
collected  from  the  NllakapamaQ,  and  which  was  pablisbed  In  the  Urt  Report  of  tbe 
Committee.  Wlietber  we  are  to  regard  this  aa  the  original  and  the  other  as  » 
-TvariontformlB  hot  perfectly  clear,    I  am  myself  inclined  to  ifgardtiieN'Uakapamaii 
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Tb  Smai'lEtl,  or  Wiidmen  Story. 
Once  there  was  a  chief  who  had  an  only  daughter.  He  possessed  also 
a  male  slave.  Now  this  slave  was  accustomed  to  sleep  at  tl)e  foot  of  the 
daughter's  bed,  his  bed  lying  crosswise  at  the  foot  of  hers.  One  night  he 
crept  to  her  side  and  ravished  her  while  she  slept.  Some  little  while  later 
she  foaiid  herself  with  child,  but  was  wholly  ignorant  of  the  penon  who 
had  brought  this  shame  upon  her,  not  knowing  that  the  slave  had  lain 
with  her  in  her  sleep.  When  she  once  realises  her  condition  she  ia 
anxious  to  find  out  who  had  visited  her,  and  suspecting  that  the  intruder 
would  pay  her  another  visit  some  night,  she  takes  some  paint  and  smeani 
it  all  over  the  palms  of  her  hands.  Shortly  after  the  slave  pays  her  a 
second  visit  As  it  is  dark  she  cannot  discover  who  he  is,  but  before  he 
leaves  her  this  time  she  presses  her  paint-smeared  hands  upon  his  shoulders 
and  leaves  thereon  an  impression  of  them  without  his  knowledge.  In  the 
morning  she  is  greatly  surprised  to  find  that  it  was  the  slave  who  had 
visited  her  and  whom  she  had  painted  on  the  shoulders.  When  the  chief 
became  conscious  of  his  daughter's  condition  he  was  overwhelmed  with 
shame.  And,  on  learning  who  it  was  who  had  caused  this  disgrace  to  fall 
upon  him,  he  took  both  the  guilty  slave  and  his  hapless  daughter  away  in 
his  canoe,  and,  arriving  at  a  certain  lofty  cliff  which  overhang  the  water, 
be  landed  them  at  its  base  and  left  them  there  to  perish  together.  But, 
although  the  cliff '  was  always  regarded  as  inaccessible,  in  some  mysterious 
way  the  pair  managed  to  climb  it.  After  they  had  reached  the  top  theiy 
travelled  inland  amongst  the  mountains  till  they  came  to  a  lake.  Here 
they  stopped  and  built  themselves  a  house,  and  here  the  girl  gave  birth 
to  her  chUd.  In  course  of  time  many  other  children  were  bom  to  them, 
and  when  these  had  come  to  maturity,  as  there  were  no  others  with  whom 
they  could  mate,  they  took  each  other  to  husband  and  wife,  and  in  time  a 
large  community  grew  up  around  the  lake.  Though  living  in  a  wUd  state, 
without  proper  tools  or  other  utensils,  they  never  forgot  their  mother's 
speech,  but  always  conversed  together  in  Sk-qO'mic,  The  men  were  ex- 
ceedingly tall  and  very  keen  of  scent  and  great  hunters.  They  always 
dressed  in  garments  made  from  the  untanned  skins  of  the  animals  they 
bad  slain.  From  this bablt  they  were  called  by  the  SkqO'imc,  Smai'lsU, 
or  wild  people. 

APPENDIZ  m. 

The  Jfurona  ofZorelle.     By  LiON  G^itnr. 

Two  distinct  races  of  aborigines  were  found  by  the  French  explorers 
at  the  opening  of  the  seventeenth  century  occupying  the  basin  of  the 
St.  Lawrence  : 

1.  The  Algonquins,  nomadic  hunters,  roving  over  the  lower  valley  and 
the  northern  highlands. 

2.  The  Huron-Iroquois,  more  sedentary,  having  some  development  of 

vertioD  as  a  bonowed  form  which  has  crept  np  the  river.  It  is  donbtful  if  the  frog 
is  nach  known  within  the  limita  of  tba  '  Diy  Belt' in  which  the  N'tlakapamtiQ,  for 
the  most  part,  lesidB.  It  will  be  remembered  that  the  events  in  the  IftlakapaiDtK) 
version  took  place  near  Spaizam,  the  lower  boiindaj7-liiie  of  the  tribe  whlt^  is 
immediately  contfgaons  to  the  npper  diviiioDB  of  the  '  Stalo,'  or  lower  Fraser  tribes. 
1  The  cliff,  at  wboae  baae  the  ^1  and  the  eIbtc  ore  said  to  have  been  left  by  die 
irate  father,  is  od  the  right-hand  side  of  the  North  Arm  of  Bnrrard  lulet.  Borne 
way  bock  in  th«  moiiiit^iiiB  ther^  is  »  be^ntifnl  little  lake,  now  weU  known  tg  tronti 
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agricaltnre  and  a  better  defined  organisation,  settled  in  the  region  of  the 
three  great  lakes,  Ontario,  Erie,  Huron  ;  the  Hurons,  to  the  north  of 
lAke  Ontario ;  the  Iroquois,  to  the  soath  of  it ;  the  Ifeutrals,  to  the 
north  of  Lake  Erie  ;  the  Enes  (or  Cats),  to  the  south  of  the  same  lake. 

The  Hurons  (otherwise  called  Wyandots)  alone  numbered  some 
25,000,  and  their  villages  were  spread  from  Toronto  to  the  Bay  of 
Quinte,  and  from  Lake  Ontario  to  Georgian  Baj.'  From  the  north- 
weaterlf  projection  of  that  territory  to  which  they  had  been  driven  by 
degrees,  the  Hurons,  after  their  overthrow  by  the  Iroquois  about  1G50, 
were  dispersed  in  all  directions.  Broken  fragments  of  the  nation  became 
the  foundation  stock  of  the  small  Wyandot  communities  still  extant  in  the 
Indian  Territory  of  the  United  States,"  in  Essex  (Ontario),  aud  at  Lorette, 
near  Quebec. 

This  paper  is  the  result  of  an  inquiry  carded  on  daring  the  summer  oi 
1899  into  the  social  conditions  of  the  Hurons  of  Lorette.  The  object  -was 
apecially  to  ascertain  the  present  status  of  the  race,  the  degree  of  its 
variation  from  the  primitive  type,  and  the  influences  which  brought  about 
■noh  variation.  The  method  followed  was  that  of  social  observation  as 
initiated  by  Frederick  Le  Play,  perfected  by  Mr,  Henri  de  Tourville,  and 
OTopounded  by  l'£eole  de  la  Science  Sociale  of  Paris,  and  its  leader,  Mr. 
Edmond  Demolins. 

The  facts  descriptive  of  the  present  social  conditions  have  for  tJie  most 
part  been  collected  by  the  writ«r  in  the  course  of  two  short  visits  to 
Lorette.  As  for  the  historical  and  general  scientific  data  which  supple- 
ment and  explain  the  former,  they  were  obtained  from  original  sources, 
reference  to  which  is  made. 

rhysical  FeatuTte. 

Lorette  (also  called  Indian  Lorette,  or  Joune  Lorette,  to  distinguish  it 
from  I'Ancienne  Lorette)  lies  46°  51'  N.  lat.  by  71°  21'  W,  long.,  on  the 
north  side  of  the  river  St.  Lawrence,  eight  or  nine  miles  inland  N.W,  of 
Quebec. 

At  this  point  three  natural  zones  are  observable  in  close  succession  : 
1.  Lorette  itself  stands  on  the  brow  of  an  elevated  terrace  which 
marks  the  southerly  limit  of  the  Laurentian  formation,  and  from  which 
the  river  St.  Charles  descends  through  a  steep  and  narrow  gorge.'  That 
terrace,  which  extends  some  eight  or  ten  miles  towards  the  north,  has  a 
flat  and  almost  horizontal  sur&ca  ;  but  its  soil,  though  generally  deep,  is 
sandy  and  rather  poor.  The  land  has  been  partly  cleared  of  woods,  but 
agriculture  has  not  developed  over  it  to  any  great  extent.  Along  the 
upper  course  of  the  river  St.  Charles,  back  of  Lorette,  no  farms  are  to  be 

flshers,  which  anawera  tn  thn  lake  of  the  slory.  The  SkqS'mic  firmly  believed  in 
the  eiJBtence  of  these  KmHi'lEtl.  The  old  Indians  ea;  they  Ecmetimes  s&w  Ihem 
when  out  banting.  Wheiher  euch  a  comajuaity  once  letlly  existed  it  ia  impossible 
now  to  say.  But,  at  any  rate,  no  such  tribe  or  people  has  ever  dwelt  io  tlie  moun- 
tains in  the  memory  of  the  oldest  setilcre  here. 

'  A.  F.  Hunter,  TTaataetions  of  Canadian  Inititvtft  Torontfl,  1889,  1892.  G.  E. 
Laidlaw,  Ontario  Arehaotogieal  Beport,  1S99,  p.  16.  Compare  Ohamplain  (Quebec, 
18T0).  vol.  iv.  p.  36,  vol.  v.  p.  2E  6. 

'  United  8taU»  Centm,  1890,  Indians,  p.  2i8. 

*  The  water  supply  of  the  city  of  Quebeo  is  taken  from  this  river,  a  very  short 
distance  back  of  Lorette.  The  *Chfttesa  d'Ean'  is  said  to  stand  at  an  altitude 
130  feet  greater  Uian  the  citadel  built  on  the  rock  which  overlooks  Quebec. 
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seen,  but  inBtead,  an  after-growth  of  scrubby  spruces  and  th^  summer 
villas  o£  some  professional  men  of  Quebec. 

2.  To  the  south  of  Lorette,  and  overlooked  by  it,  there  stretches  a  hdi 
of  land  eight  miles  wide  ;  a  low  plain  through  which  the  river  St. 
Charles  slowly  wiuds  its  way  to  its  estuary  ;  a  valley  scooped  out  between 
the  sandy  terrace  just  described  and  a  narrow  ridge  which  forms  the 
north  bank  of  the  St.  Lawrence.  The  soil  of  that  second  zone  is  generally 
deep,  fertile,  and  particularly  well  adapted  for  agricultural  pursuits.  Ai 
evidence  of  that,  fine  expanses  of  cultivated  fields  interspersed  with 
comfortable  farmhouses,  cosy  villages,  and  glittering  church  steeples 
are  to  be  seen  along  the  lower  course  of  the  St.  Charles,  over  its  rich  bottom 
lands  or  loamy  hillsides. 

3.  Towards  the  north  the  sandy  terrace  of  Lorette  merges  into  a  vast 
mountainous  tract  which  extends  to  Hudson  Bay  and  the  Atlantic 
Ocean,  interrupted  only  by  the  valley  of  Saguenay  and  I^ke  St.  John. 
These  North  Laurentian  highlands  present  a  succession  of  rocky,  rounded 
summits  cut  by  narrow  valleys,  wiUi  sparse,  limited  areas  of  shallow  soil.- 
A  land  well  adapted  for  the  production  of  timber,  especially  for  the 
growth  of  the  Conifene,  and  originally  a  tract  abounding  in  fur- 
bearing  animals,  bat  over  the  greater  part  of  its  extent  offering  little 
inducement  to  agricultural  settlers,  who  of  lat«  years  only  have  taken  a 
foothold  within  its  borders. 

In  other  words,  Lorette  lies  at  the  meeting  point  of  two  great  regions 
widely  different  in  their  productions  and  capabilities  :  the  Champaign 
r^on  bordering  on  the  St.  Lawrence,  and  the  Korth  Laurentian  high- 
lands ;  the  former  restricted  and  narrowing,  the  latter,  on  the  contrary, 
expanding  at  this  point  of  the  valley.  Lorette  is  still  within  the  Champaign 
region,  not,  however,  on  its  inner  fertile  zone,  but  on  its  outer  sandy 
Eone  ;  and  adjoining  it,  or  in  close  proximity  to  it,  there  are,  on  the  one 
hand,  a  fine  agricultural  country,  on  the  other  a  rugged  wilderness.' 

The  geographical  position  of  the  Hurons  of  Lorette  is  very  similar  to 
that  which  was  occupied  by  their  ancestors,  in  the  vicinity  of  Lake 
Simcoe,  during  the  first  half  of  the  seventeenth  century.  Though  some 
400  miles  to  the  west  of  Lorette,  and  150  miles  nearer  to  the  equator, 
the  old  Huron  country  was  situated  alike  on  the  border  of  that 
great  Laurentian  formation,  betwixt  mountain  and  plain,  with  to  one 
aide  a  vast  natural  hunting  ground,  and  to  the  other  deep  soils  invit- 
ing tillage. 

However,  as  re^itis  soil  and  climate,  the  habitat  of  the  ancient 
Hurons  was  more  favoured  than  the  sandy  terrace  of  Lorette,  Cham- 
plain  and  the  early  explorers  who  ascended  the  river  Ottawa  and  its 
tributary,  the  Mattawa,  and  by  way  of  lake  IJipissing,  French  River  and 
the  shores  of  Georgian  Bay,  reached  the  Wyandot  settlements  adjoining 
Lake  Simcoe,  were  much  impressed  by  the  pleasantness  and  fertility  of 
that  country  compared  with  the  rocky  solitude  they  had  just  traversed. 
They  write  in  glowing  terms  of  Huronia,  its  extensive  clearings,  its  fields 
of  maize,  sunflowers,  and  pumpkins,  its  fruit  trees,  in  the  midst  of  gentle 
hills  and  verdant  plains  watered  by  many  a  stream.     The  soil,  though 

'  In  the  moping  of  tba  natoral  zones  sarniimding  Lorette  the  pnblicBtionB  of 
the  Geological  Kurve;  of  Canada  have  been  verj  belpfal.  The  map  ihowiiig  the 
snpeifldiil  deposits  between  I^ke  Saperior  and  Oaspfi  (AtlM,  1S63)  and  the  map  of 
geological  tonoatloiiE  In  the  province  □(  Qnsbeo  attached  t«  Dr.  BUs's  report  tox 
16ST,  are  here  i^ecfally  referred  to. 
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aomewhat  s&ndy  in  places,  thej  say,  is  on  the  whole  well  suited  to  the 
growth  of  ludian  corn.^ 

To-daj.  the  comities  of  East  and  Iforth  Simcne,  which  cmmpme  Uie 
greater  portion  of  the  later  settlementa  of  the  Surons,  support  a  farming 
and  trading  population  of  over  65,000  whites.  They  are  thriving  sections 
of  a  highly  prosperous  province.^  In  contrast  the  sandy  terrace  l)ack  of 
Lorette,  even  up  to  this  time,  is  sparsely  settled,  and,  like  the  lAnrentian. 
highlands  to  the  north,  remsins  aJmost  untouched  by  agricultural 
enterprise. 

Sixty-two  families,  or  abont  300  men,  women,  and  children,  make 
up  the  resident  population  of  Indian  Lorette.'  The  forms  of  laboar 
through  which  these  people  support  themselves  are  as  follows,  in  the 
order  of  decreasing  importance  :  (1)  Hide-dressuig  ;  (2)  moccasin- making ; 
(3)  enowshoe-  and  canoe-making  ;  (4)  basket-making  and  fancy  wares ; 
(5)  hiring  out  as  guides  ;  (6)  hunting  and  £shing  ;  (7)  fanning. 

Nide-dressinff. — Prom  10,000  to  15,000  hides  are  dressed  yearly  at 
Lorette.  These  hides  are  for  the  most  part  imported,  East  India  elk 
and  antelope  making  the  bulk  ;  caribou  (I'arandue  rangi/er)  and  cow,  tJie 
produce  of  the  region,  are  used  in  certain  quantities,  as  also  a  few  mooGa 
pelta. 

The  dressing  processes  are  very  simple.  The  green  sklna  are  first 
steeped  in  water,  mere  barrels  sunk  in  the  ground  in  an  open  field 
serving  the  purpose.  Once  thoroughly  soaked  the  skins  are  scraped  ;  the 
inner  (meat)  layer  ajid  the  first  outer  (hair)  layer  of  the  hide  are  thereby 
removed,  (The  scrapings  are  sold  to  manufacturer  of  glue.)  Then 
other  labourers  take  the  skins  and  wash  them  in  soap  emulsions,  and 
afterwards  sprinkle  them  with  oil.  Codfish  oil  is  used  for  this.  The 
skins  are  then  rubbed  with  sand-paper,  and  finally  passed  throuifh  a 
smoke-house,  similar  to  that  used  in  the  curing  of  hams.  At  various 
stages  of  preparation  the  skins  are  put  up  to  dry  on  scafFolds  made  of 
poles  connected  by  rails  to  which  hooks  are  attached.  These  scaffolds,  or 
'  chantiers  de  peaux,'  are  a  characteristic  feature  of  Lorette.  Not  only 
do  they  cover  two  or  three  large  fields  adjoining  the  village,  but,  as  well, 
■mailer  patches  within  the  village  plot.  With  the  smoke-house  and  the 
hide-wringer  they  constitute  practically  the  whole  plant  required  for  the 
dressing  of  hides. 

The  hide-dressing  industry  at  Lorette  is  centred  in  three  or  four  fairly 
large  establishments  managed  by  private  enterprise,  and  in  connection 
with  which  the  manufacturing  of  moccasins  and  snowshoes  is  carried  on. 
The  head  of  each  concern  owns  or  rents  the  grounds  and  buildings,  owns 
the  plant,  purchases  the  green  hides  and  aoceasories  from  importers  in 
Quebec,  and  pays  his  help  wages  by  the  day  or  month.  The  hides  thiu 
dressed  are  not  sold,  but  utilised  on  the  same  premises,  principally  in  the 
manufacture  of  moccasins. 

'  Cbamplain,  ibid.,  vol,  iv.  pp.  27,  30,  31 ;  Bifibeof,  Jesut  Belationi  (Thwaites'l 
edition),  vol.  viii.  p.  115. 

*  Cautu  qf  Canada,  1891,  vol.  1.  p.  66,  il.  pp.  66,  ITi. 

*  The  writer  is  indebted  to  Mr.  A.  O,  BasUen,  Govemment  agent  at  the  Hnron 
Heservation,  for  much .  of  the  infcimation  contained  in  the  following  pages.  Mr. 
Cloutier.  the  owner  of  a  bJiJe-dresBing  an^  moccasin  making  establishment  at  LoiettA 
kindl;  sapplied  many  facta  relative  to  the  variona  industriee,  as  did  also  Hr.  MagriOC 
Baatien,  wlio  oontrols  a  large  cosoern  In  the  locality, 
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Moceeuin-maHng. — The  output  at  Lorette  in  1898  waa  about  110,000 
pairs.'  The  first  operatioa  is  the  cutting  of  the  hide.  It  isdone,  inn-ork- 
abops  coaaected  with  the  dressing- grounds,  by  the  boas  himself  or  by 
specially  skilled  workmen  under  his  superyiaion.  'Theae  workmen  are 
paid  by  the  day  or  piece.  The  work  is  performed  by  means  of  a  sharp 
knife  and  various  wooden  forma.  It  requires  some  skill  to  make  the  most 
of  a  hide,  to  cut  out  of  each  skin  the  greatest  possible  number  of  bottoms, 
tops,  aad  uppers  with  the  smallest  possible  proportion  of  useless  cuttings. 
This  is  the  main  operation  in  the  hide-dressing  and  moccasin-making 
business,  that  which  is  left  to  the  boss,  or  head  of  the  industry,  whenever 
he  takes  a.  hand  in  the  work.  The  three  processes  which  follow,  viz.  (1) 
embroidering  of  the  top  piece,  (2)  turning  up  of  the  bottom  piece  and 
Bewing-on  of  the  top,  and  (3)  sewiug-on  of  the  upper  piece,  are  not  accom- 
plished by  men  at  the  workshop,  but  in  the  village  homes  by  women 
making  a  speciality  of  one  of  the  above  operations.     They  are  paid  by  the 

Moose-hair,  dyed  in  bright  colours,  serves  for  embroidering  the  top 
piece.  Twenty-five  to  thirty  cents  per  dozen  pairs  are  the  wages  paid 
for  that  work,  and  a  woman,  besidea  attoudiog  to  her  daily  house-work, 
may  fiad  time  to  embroider  from  one  to  two  dozeo  pairs  a  day.  The 
second  and  third  processes  above  mentioned  are  each  paid  for  at  about 
the  same  rato  as  the  first,  and  an  equal  amount  of  work  may  be  accom- 
plished by  hand  at  each  one  of  them  by  one  person  in  a  day.  By  means 
of  a  sewing-machine  three  dozen  pairs  of  moccasins  may  be  sewed  in  a 
day's  work.  To  increase  their  earnings  in  that  way,  some  of  the  Loretto 
women  have  provided  themselves  with  sewing-machines.  When  choe- 
inaker's  thread  is  used  instead  of  the  ordinary,  the  wages  paid  run  as  high 
OS  one  dollar  a  dozen  pairs.  The  moccasins  are  then  returned  to  the 
central  workshop,  where,  by  means  of  three  simple  apparatus,  holes  are 
punched  through  the  uppers,  eyelets  fastoned  on  to  oue  side,  and  hooks  to 
the  other.  Laces  are  made  of  strips  from  the  edgings  of  the  hide. 
Finally  the  moccasins  are  packed  and  shipped  to  distant  points.  They 
are  sold  wholesale  to  large  dealers  in  towns  and  cities  throughout  Canada 
and  the  United  States ;  in  lato  years  large  quantities  have  been  for- 
warded to  the  Klondike. 

Snowsfioe-making. — Seven  thousand  pairs  of  snowshoes  were  turned  out 
at  Lorette  in  1898  ;  but  the  demand  was  larger  than  usual  that  year 
consequent  on  the  opening  up  of  the  Klondike.  That  same  year  as  many 
as  20,000  hides  were  dressed  in  the  locality  and  12,000  dozen  pairs  of 
moccasins  manufactured.  The  following  year  there  was  a  marked  falling 
off  in  the  demand,  especially  of  snowshoes,  the  Lorette  snowshoe  not 
having  been  found  of  as  suitable  a  shape  as  other  makes  for  nse  in  the 
Klondike.  Cow-skin  is  largely  used  for  the  netting  of  the  snowshoe,  and 
ash  wood  for  the  frame. 

It  should  be  noted  that  in  the  various  industries  carried  on  at  Lorette 
there  am  not  only  Kurons  engaged,  but  a  number,  quite  as  large,  of 
French  Canadians  residing  at  Bt,  Ambroise,  across  the  river.  This  is 
particularly  the  case  with  the  moccsa  in -making  industry,  in  which  many 
French  Cariodian  women  take  a  hand.  Snowshoe-making  is  an  exception 
to  the  rule  :  it  is  still  a  distinctive  Huron  industry,  only  two  French 
Canadians  beiog  trained  in  the  art. 

'  Sea  Dominim  Boiemmfnt  Slm-ieok,  Indian  Affa\Tt,  1698,  Bap^en>  B^Mut, 
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About  twenty-five  canoes  are  made  and  sold  every  year.  Fine  birch 
bark  suitable  for  canoe-making  is  not  very  easily  found  within  reasonable 
distance,  and  most  pf  the  canoes  tum^  out  at  Lorette  are  made  of 
canvas  purchased  from  Quebec  dealers. 

Some  years  ago  lacrosses  were  manufactured  in  certata  quantities ; 
bat  very  few  are  made  now.  To boggaji -making  is  also  an  industry  of 
the  past  here.  Competition  has  killed  it,  toboggans  manufactured  at 
Montreal  and  elsewhere  being  considered  of  better  quality. 

Basket- making  and  Fancy  Wares. — With  ash  wood  and  sweet  hay  the 
Huron  women  msnafocture  baskets  of  ornamental  designs  and  variona 
small  wares  :  fans,  boxes,  reticules,  toys,  <tc.  The  men  occasionally  lend 
a  band  in  preparing  strips  of  ash  and  discs  of  various  woods,  but  the 
women  and  girls  practically  have  the  industry  to  themselves.  Contrary 
to  the  preceding,  this  industry  is  not  a  traditional  one  of  Lorette  :  it  was 
introduced  here  from  the  Abenakis  Reservation  of  St.  Francis  (on  the 
south  shore  of  the  St.  Lawrence)  some  fifteen  years  ago.  It  has  not 
developed  to  the  same  extent  as  hide-dressing  and  moccasin -making,  and 
is  still  essentially  a  home  industry.  Several  families  have  large  displays 
of  these  Indian  wares  in  their  houses.  Fart  of  the  output  is  dupOGed  of, 
as  in  the  case  of  moccasins  and  snowshoes,  to  dealers  in  large  cities ;  the 
bulk  is  sold  by  the  Hurons  themselves  to  visitors  in  their  village,  or  taken 
by  them  to  summer  resorts  and  centres  of  population,  and  there  retailed. 

Of  late  a  severe  blow  was  dealt  to  this  businesss  through  the  with- 
drawal by  the  United  States  Government  of  the  privilege  exempting  Indians 
from  paying  duty  on  their  wares  when  entering  that  country. 

Guiding. — Several  of  the  Lorette  Hurons  hire  out  periodically  to 
parties  of  sport  seekers  on  hunting  or  fishing  excursions  into  the  interior. 
This  is  a  favourite  occupation  of  many  of  the  men.  While  thus  engaged 
they  earn  one  dollar  and  twenty-five  cents  per  day,  besides  their  living 
expenses. 

Hunting  and  Fishing. — Like  the  preceding  a  favourite  occupation  of 
the  Hurons,  though  (except  for  a  very  few)  it  is  not  any  longer  an 
important  means  of  livelihood.  In  1808,  ika  revenue  derived  from 
hunting  by  the  Lorette  community  was  estimated  at  800  dollars,  and  that 
from  fishing  at  100  dollars.' 

Beaver,  otter,  marten,  mink,  and  caribou  are  sttll  found  in  fairly  large 
numbers  over  the  vast  unsettled  tract  which  extends  towards  the  north. 
The  upper  courses  of  the  rivers  St.  Charles,  Jacques-Cartier,  Ste.  Anne, 
ice.,  which  lead  into  that  wilderness,  are  much  interrupted  by  rapids,  and 
canoes  cannot  be  much  used  as  means  of  conveyance.  The  hunters 
proceed  on  foot,  sometimes  right  across  the  streams.  Otter  and  beaver 
are  the  most  valuable  of  the  fur. bearing  animals.  The  furs  are  generally 
sold  undressed  to  large  dealers  in  Quebec.  Caribou  are  found  in 
abundance,  and  they  provide  good  meat,  but  their  skin  is  of  little  value. 
The  skin  of  the  moose  is  worth  three  or  four  times  as  much  ;  but  moose 
is  scarce  now  in  this  part  of  the  countiy.  To  find  it  hunters  have  to 
cross  the  St.  Lawrence  and  reach  the  plateaus  of  Northern  New  Brunswick 
and  of  Maine.     They  do  so  by  railway. 

The  Hurons  of  Lorette  bitterly  complun  of  interference  with  their 
hunting  privileges  on  the  part  of  the  whites  through  governmental 
regulations,  leases  to  clubs,  and  the  creating  of  a  national  park  north  of 

■  Indian  Jffairi,  1898,  p.  4CS.  ^ 
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Qaebec  Forest  rangers  are  on  the  look  out,  and  frequently  confiscate  the 
pelts  and  destroy  the  trapg  of  the  Indian  hunters. 

Farming. — ITio  Huron  villagers  do  not  seek  any  appreciable  part  of 
their  income  from  agriculture,  nor  even  from  those  more  simple  opportuni- 
ties afforded  by  country  life.  Only  three  or  four  farailiea  keep  a  cow 
each,  and  some  hens  ;  only  a  few  have  a  small  kitchen  garden  ;  the  others 
purchase  from  French  Canadian  farmers  the  very  miJk,  eggs,  and  vege- 
tables they  consume.     Only  one  of  the  villagers  keeps  horses. 

Two  miles  to  the  west  of  Jjorette  village  there  ia  a  reserve  1,600 
arpents  (1,350  acres)  in  area,  on  which  six  or  seven  Huron  families  arc 
supposed  to  be  farming.  Although  they  may  occasionally  turn  out  a  few 
pairs  of  snowshoes,  they  do  not  resort  to  industries  in  at  all  the  same 
measure  as  do  the  Lorette  villagers.  At  the  same  time  they  can  hardly 
be  considered  farmers.  Much  the  greater  part  of  the  reserve  is  still  bush. 
Each  farm  comprises  a  few  arpents  (at  most  ten  or  twelve)  of  cleared 
land,  on  which  the  only  growth  to  be  observed,  apart  from  a  small 
garden  and  potato  patch,  is  a  miserable  field  of  very  thin  hay  overrun  by 
5ie  ox-eye  daisy.  In  rare  instances  a  crop  of  a  few  bushels  of  oats  may 
be  added.  When  any  farm  animals  are  kept,  the  stock  comprises  one 
cow  (exceptionally  two),  one  horse  (if  any),  one  or  two  porkers,  and  about 
as  many  hens.  Attracted  to  one  of  these  homesteads  by  the  rather  better 
appearance  of  the  house  and  the  bam  compared  with  the  hovels  on  most 
of  the  other  clearings,  we  were  disappointed  to  find  that  the  husbandry 
there  carried  on  was  of  the  same  general  undeveloped  type.  We  did  not 
see  any  stock,  but  were  met  by  the  fierce  barking  of  three  or  four  dogs 
coming  out  in  succession  from  under  the  doorsteps.  '  They  ore  very  good 
hunting  dogs,'  the  people  told  us  by  way  of  apology. 

For  the  Hurons  of  the  reserve  a  more  congenial  means  of  living  than 
agriculture  is  hunting.  We  had  an  hour's  chat  with  Thomas  Tsioui,  a 
typical  old  Huron.  Three  of  his  sons  still  living  are  hunters  as  much  as 
conditions  permit ;  he  himself  spent  the  greater  part  of  his  early  life  in 
the  woods.  At  one  time  he  was  a  noted  long-distance  runner  at  the 
Quebec  and  Montreal  fairs. 

In  1898,  the  revenue  derived  from  farming  by  the  whole  Huron  com- 
munity was  estimated  at  870  dollars.^  The  revenue  obtained  from  their 
farms  and  from  the  chase  are  insufficient  for  the  support  of  these  Hurons 
of  the  reserve,  and  they  would  be  in  utter  misery  were  it  not  for  some 
additional  revenue  from  various  sources  ;  drawing  firewood  from  the 
reserve  to  the  Lorette  villagers,  day  labour  performed  on  the  railway  and 
elsewhere  in  the  vicinity,  and  oftentimes  the  very  material  help  provided 
by  their  women  folk. 

With  all  that,  a  large  proportion  of  the  IjOrette  Indians  have  been 
forced  to  seek  elsewhere  their  means  of  livelihood.  The  Huron  com- 
munity reckons  142  absentees  against  a  resident  population  of  300.  That 
is  to  say  about  one-third  of  the  total  number  has  left  for  other  parts  of 
Canada  or  for  the  United  States.  Now  and  then  some  of  these  eflTect 
their  return  to  their  old  abode,  while  others  start  out  in  their  turn. 

The  means  of  living  of  our  modem  Hurons  as  just  described  do  not  at 

'  That  same  year  the  revenne  derived  from  the  various  mannfactuiiEg  inilostries 
amoDntsd  U>  27,500  dollars,  and  wages  earned  to  9,000  dollara,  giving-  for  the  Hurona 
of  Lorette  a  total  iacome  from  all  souTces  of  38,000  doUait.  The  following  year 
(1S99)  the  retncns  were  as  follows :  ManafacturlnK  indostriea,  lg,000 dollars;  wages, 
6,000  doUara I  hunting  and  fishing,  1,060  dollars;  &nniDg,  l.SOO  dollars.  i 
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first  sight  appear  to  have  any  cotmectioa  either  with  the  previoos  sorial 
BUtns  of  tho  race,  or  with  the  physical  features  of  Ita  pree^it  habitat. 
In  a  general  way,  with  the  ancient  Hnrons,  agricoltnre  and  bnntiiig  were 
the  principal  means  of  living ;  to-day  at  Lorette,  labour  in  both  these 
forma  has  been  almost  entirety  given  up.  Id  their  stead  manafactoring 
industries  have  grown— industries,  besides,  which  do  not  depend  fortheir 
raw  materia]  on  the  resources  of  the  locality,  and  which  find  in  the 
vicinity  a  market  for  only  a  very  small  portion  of  their  output. 

ITowever,  from  a  perusal  of  the  documentary  evidence  available,  old 
and  new,  and  from  what  could  be  gathered  in  conversation  with  men  and 
women  at  Lorette,  I  obtained  some  insight  into  the  process  of  evoIutioD 
from  which  the  labour  system  of  the  Hnrons  has  resulted. 

Their  ancestors  in  Western  Ontario  supported  themselrea  chieSy  by 
hunting,  fishing,  and  agriculture.  The  young  men  were  hunters  and 
warriors  ;  the  older  male  members  of  tiie  tribe,  fishermen  ;  the  women, 
tillen  of  the  soil,  growers  of  maize,  beans^  pumpkins,  sunflowers,  and 
tobacco.  Besides,  the  Hnrons  were  trained  in  the  practice  of  a  number 
of  home  industriea  The  men  built  huts  made  of  saplings,  and  which  in 
the  words  of  Farkman  '  were  much  like  an  arbor  overarching  a  garden 
walk.'  1  The  men,  as  well,  made  their  own  bows  and  arrows,  fishing 
nets,  stone  axes,  bark  canoes,  toboggans,  snowshoes,  and  lacrosses.  The 
Huron  women  ground  the  corn,  smoked  the  fish,  spun  the  wild  hemp  for 
the  fishing-nets,  dressed  deer  skins,  and  from  them  made  moccasins,  which 
they  embroidered  handsomely,  and  out  of  the  furs  of  the  beaver,  the 
porcupine,  &c.,  prepared  various  articles  of  clothing.'  In  some  of  these 
industries  the  Hnrons  were  not  found  as  expert  as  their  neighbours  of 
Algonquin  stock,  but  they  surpassed  these  in  commercial  aptitudes,  having 
from  time  immemorial  acted  as  middlemen  between  the  tribes  to  the 
north  and  those  to  the  south  in  the  exohange  of  various  commodities,  and, 
after  the  advent  of  the  French,  becoming  the  purveyors  and  carriers  d 
tbeir  fur  trade.^ 

After  taking  up  their  abode  in  the  vicinity  of  Quebec,  the  Hnrons 
were  subjected  to  new  conditions,  the  result  of  the  dose  neighbourhood 
and  competition  of  the  French  colonists,  combined  with  the  physical 
features  of  the  country.  These  conditions  in  the  first  place  tmdtd  to 
keepthem  away  from  agriculture. 

The  traditional  mode  of  farming  of  the  Hnrons  was  very  imperfect. 
It  consisted  in  the  production  thiougb  female  labour  of  supplies  <^ 
vegetables  and  maize  for  family  ne«ls.  Ko  live  stock,  no  beasts  irf 
burden,  were  kept.  Thns,  being  without  the  means  of  manuring  the  land 
or  drawing  fuel  long  distances,  they  had  to  change  their  location  as  soon 
as  the  fertility  of  the  soil  and  the  supply  of  firewood  within  a  limited 
area  were  exhaust«d.  Such  bad  been  the  practice  in  the  old  Hunm 
country  ;  such  it  continued  to  be  with  the  Huron  refugees  about  Quebec^ 
But  here,  while  the  Indians  were  always  free  to  desert  their  village  site 
for  a  new  one  farther  inland,  they  were  no  longer  at  liberty  to  retrace 
tbeir  steps.  The  influx  of  white  settlers  at  their  back  prevented  them 
from  moving  in  any  but  one  direction.  In  that  way  the  Hurons,  who 
after  their  arrival  amongst  the  French  colonists  had  been  located  on  the 
lowlands  bordering  the  river  St:  I^wtenoe,  receded  gradually  from  the 

'  Jetvilt  in  North  Ameriea,  Little  Brown,  Boston,  Int.  XXVI, 
'  Obamplaln,  vol.  iv,  pp.  79-82,  10^ 

•  Champlttin,  ibUi.  ,  -  t 
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front,  nntU  in  1697  they  found  themulTes  evicted  from  the  fertile  belt, 
rel^ated  to  the  SEUidy  terrace  close  on  the  mountain  tract.  Under  sach 
conditions  they  could  not  be  expected  to  make  any  great  advance  in 
agricalture.' 

While  both  the  social  and  the  physical  environment  about  Quebec 
tended  to  check  the  agricultural  progreas  of  the  Hurons,  these  Bame  con- 
ditions at  first  favoured  tbeir  propensity  for  the  chase  and  for  warlike 
occupations.  At  their  doors  that  great  Laurentian  mountain  tract 
extended,  abounding  in  fish,  game,  fur-bearing  animals  ;  and  for  ajl  these 
natural  productions  Quebec  offered  a  near-by  and  ready  market.  Besides, 
their  close  association  with  the  white  settlers  enabled  them  to  obtain 
assistance  and  employment  in  various  forma.  As  long  as  the  French 
r^me  lasted,  and  for  h&If  a  century  more  under  the  British  rule,  the 
Hurons  appear  to  have  supported  themselves  chiefly  through  the  sales  of 
furs  and  allowances  for  military  service.  References  to  them  in  the 
documenta  of  that  period  (the  writings  of  the  misBionarieB  excepted)  are 
mostly  all  in  connection  with  the  fur  trade  or  with  war  parties.'  In 
1730,  a  church  was  built  for  their  use,  and  their  contributions  were  paid 
in  furs,  apparently  their  most  valuable  and  abnndant  commodity.'  A 
conspicuous  feature  of  Lorette  to  the  present  day  is  a  large,  low,  massive 
stone  structure,  which  is  said  to  have  been  originally  a  post  of  one  of  the 
fur-trading  companies,  and  which  subsequently  became  the  property 
of  a  noted  Huron  chief,  Ficard,  himself  a  trader  in  furs. 

During  the  whole  of  the  eighteenth  century  the  traditional  industries 
of  the  Hurons  do  not  appear  to  have  been  developed  beyond  the  measure 
of  the  family  needs.  It  is  not  until  the  early  part  of  the  nineteenth 
century  that  we  notice  a  change  in  this  respect.  The  facts  adduced 
before  a  committee  of  the  legislative  assembly  of  Lower  Canada  in  1819 
and  1824  show  that  for  some  years  previous  the  Hurons  of  Lorette  had 
been  sustaining  themselves  to  some  extent  through  the  manufacture  and 
sale  of  moccasins,  snowshoes,  toboggans,  fur  articles  of  dress,  and  various 
fancy  wares.*  This  new  feature  had  been  brought  about  as  a  result  of 
the  constant  decline  of  their  agriculture,  and  more  especially,  at  a 
subsequent  date,  by  the  decline  of  the  chase  itself,  as  also  by  the 
reduction  of  the  war  allowances.  It  should  be  noted,  moreover,  that  as 
'  the  Hurons,  under  the  influence  of  environment,  were  slowly  improving 
their  mode  of  living,  larger  and  more  regular  returns  than  those  ensured 
by  hunting  were  necessary  to  keep  them  in  comfort.  By  manufacturing 
they  enhanced  the  value  of  the  furs,  and  thus  made  up  in  part  for  their 
greater  scarcity  and  for  the  deficiency  in  the  returns  from  other  sources. 
For  many  years  these  industries  were  carried  on  by  the  Huron  families 
in  a  very  small  way,  at  first  excluaively  by  the  women,  and  then  by  both 
men  and  women,  but  on  a  small  scale.'  Both  hunting  and  plot  farming 
were  prosecuted  in  conjunction,  but  the  latter  especially  remained  at  a 
;  very  low  stage,  or  even  decreased,  while  the  manufacturing  industries  all 
the  time  were  growing.* 

'  Titrei  Seiyneuriaut!,  Quebec,  vol.  i.  p,  423 ;  Charlevoix,  Jmimal,  p.  63 ;  Peter 
Ealm,  Socifti  HUtorique  do  MantriaX,  1880,  p.  124. 

'  DooumenttdelaNowelle-FTaruse.yol.  ill.  pp.  23,  68,87,  108,  toI.  iv.  p.  112.  > 
'    <  '  Fracquet,  Jounuil  de  Voyage  (MSS.  Parliament  Librarj,  Ottawa),  p.  ItK  . 

'-jDnmaJa  ot  the  Assembly  of  Lever  Canadai  Boucbette,  Tapofrapkieal 
Dieiionary,  veibo  '  Indiaus.'  ,     . 

'  '  ■  Jiiw^ab, 'AsEsmbly,  Lower  Canada,  I83f;  Assemblj,  United  Ctnada,  1U4-.5, 
■  1847,-1856.-    -  /  -  ■         I 
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Some  twenty-five  Or  thirty  years  ago  there  took  place  an  import&nt 
social  pbenomenoa  which  completed  the  tranafonnation  of  the  labour 
system  of  the  Hurons — the  spreading  throughout  Canada  of  the  world- 
wide commercial  and  industrial  evolution,  the  introdnction  of  machineir, 
the  buUdiDg  of  railways,  the  extension  of  great  transportation  agencies. 
Man's  power  of  production  was  thereby  increased  a  hundredfold,  aad 
distance  suppressed,  so  to  speak.  While  some  of  the  minor  indostries  of 
Iiorette,  such  as  toboggan- making  and  lacrosse-making,  received  their 
death-blow  from  the  new  order  of  things,  it  instilled  a  new  lifa  into  some 
others — hide- dressing,  moccasin  and  snow  shoe  making.  So  longer 
dependent  on  local  conditions,  no  longer  restricted  by  the  short  supply  of 
raw  material  at  hand  or  by  the  limited  demand  from  near-by  market^ 
these  industries  attained  the  high  degree  of  development  which  we  have 
seen.  A  new  industiy,  fancy  basket- making,  was  introduced.  The 
development  of  manufacturing  industries  thus  brought  aboat,  with  the 
opportunities  for  constant  earning  of  wages  at  generally  pleasant  tasks, 
in  turn  became  a  further  cause  of  desertion  of  aj-ricnltnre.  Even  hunting 
is  no  longer  considered  a  regular  means  of  livelihood,  and  is  largely 
replaced  by  the  more  profitable  occupation  of  guiding  through  the  woods 
sportsmen  from  the  cities. 

A  Huron  woman,  ninety  years  of  age,  with  whom  I  conversed  at 
Lorette,  had  witnessed  many  phases  of  that  evolution  of  labour.  She 
remembered  the  time  when  patches  of  Indian  corn,  pumpkins,  beans,  and 
potatoes  were  grown  in  connection  with  almost  every  home  in  the  village. 
The  women  did  most  of  the  garden  and  field  work,  while  the  men  Sid 
very  little  but  hunt  and  play  lacrosse.  She  saw  agriculture  given  up 
gradually,  while  the  Hurons  were  taking  more  and  more  to  manu^cturing. 

Notwithstanding  the  evolution  through  which  their  labour  system  has 
been  made  to  pass,  the  Huron  community  as  a  whole  exhibit  traits 
retained  from  the  previous  social  status.  'Die  men  are  less  industrious 
than  the  women  :  they  still  entertain  a  dislike  for  agriculturo  and  steady 
work  ;  they  abstain  from  working  in  factories. 

Prcperfff. 

TKe  property  held  in  trust  for  the  Hurons  of  Lorette  comprises ; 
(1)  the  village  site,  about  20  arpents  in  extent ;  (2)  adjoining  the  latter, 
a  common  covering,  9  arpents  ;  (3)  two  miles  from  the  village,  the 
reserve  proper,  1,600  arpents  (1,350  acres)  in  extent ;  and  (i)  some  thirty 
miles  bock  of  Lorette,  the  Rocinont  Reserve,  in  the  county  of  Portnenf, 
9,600  acres  in  area. 

1.  The  village  plot  is  subdivided  into  small  lots,  each  family  being 
entitled  to  an  area  sufficient  for  a  house,  besides  a  width  of  30  feet  in 
front  and  3  feet  at  the  back  of  that  house. 

2.  The  common  was  originally,  as  indicated  by  its  French  name,  '  Clos 
desGochons,'a  pasture  for  hogs.  It  still  continues  to  be  owned  in  commcni 
by  the  Huron  community,  but  is  now  used  almost  solely  as  a  hide-dressing 
ground  by  Mr.  Maurice  Bastien,  who  has  erected  thereon  sheds  and  drying 
BcafTolds. 

3.  The  1,600  arpents  reserve  also  remains  undivided.  It  was  granted 
to  the  Hurons  for  their  supply  of  fuel.  The  greater  part  is  still  busb. 
Six  or  seven  families,  as  we  have  seen,  have  taken  up  their  abode  there  as 
farmers  ;  but  the  farming  carried  on  is  of  such  a  primitive  character 
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ttuit  it  has  aot  been  found  necessary  to  trace  any  boaadaries  between  the 
various  farms. 

The  abore  three  areas  were  allotted  to  the  Hurons  about  the  end  of 
the  seventeenth  century,  or  the  begioning  of  the  eighteenth,  by  the  JeaniUi, 
uoder  whose  charge  they  were  placed.  The  deed  confirming  the  grant 
was  not  passed  till  1742  (for  the  lost)  and  1794  (for  the  two  others).  It 
is  all  that  is  left  to  the  Hurons  of  the  seigniory  of  Sillery.* 

i.  The  Kocmont  fieserve  is  wholly  a  mountainous  forest  tract  set  apart 
by  the  Canadian  Government  in  recent  times  for  the  support  of  the 
Hurons  of  Lorette,  but  neither  occupied  nor  worked  by  them.  However, 
they  derive  some  revenue  from  it,  the  cut  of  pine  and  spruce  over  its 
area  being  leased  out  every  year  to  lumbermen,  and  the  proceeds  usually 
paid  to  the  '  band '  in  the  form  of  allowances. 

It  is  a  remarkable  fact  that  all  this  property  is  still  held  in  common. 
With  the  Hurons  of  Lorette  private  ownership  of  land  does  not  exist. 
Neither  have  they  any  desire,  as  far  ka  I  could  ascertain,  to  Individually 
own  land.  To  my  knowledge  only  one  Huron  to-day  holds  privately 
some  laud — not  in  the  reserve,  but  adjoining  it.  In  the  past,  as  well, 
such  cases  of  private  ownership  have  been  esceedingly  rare. 

Ob  the  other  hand,  at  Lorette  almost  ©very  family  owns  the  house  in 
which  it  lives,  at  any  rate  so  long  as  it  continues  to  occupy  it.  Mov- 
ables, wearing  apparel,  Ac,  are,  of  course,  also  recognised  private  property, 
as  are  wages  and  earnings  from  various  sources. 

This  system  of  property  of  the  Hurons  of  Lorette  does  not  differ 
materially  from  that  of  their  forefathers.  The  ancient  HurOns,  as  we 
have  seen,  did  not  put  much  labour  on  the  soil,  and  correspondingly  their 
hold  OQ  the  soil  was  of  a  weak  and  limited  sort.  From  Champlain  and 
fir^beuf  we  learn  that  they  had  no  permanent  tenure  of  land,  as  evidenced 
by  their  change  of  abode  at  frequent  intervals.  At  the  same  time,  with 
them  all  movables— as,  for  instance,  the  produce  of  the  chase,  the 
earnings  from  trade — were  subject  to  family  or  individual  appropriation. 
Inequalities  of  wealth  from  this  source  were  quite  apparent  in  the  Huron 
villages  of  old.  Even  monopolies  were  recognised  by  the  ancient  Hurons, 
inasmuch  as  individuals  who  had  opened  a  trade  or  discovered  a  market 
were  granted  for  themselves  and  their  kindred  the  exclusive  right  of 
carrying  on  that  trade  or  supplying  that  market,  or  were  permitted  to 
levy  tribute  on  those  desirous  of  taking  advantage  of  the  nevr  opening. 
A  difference,  however,  from  the  conditions  of  things  in  existence  to-day 
at  Lorette  was  the  prevalence  of  theft  in  the  Huron  villages  of  old  and 
its  lax  repression.* 

After  their  removal  to  the  vicinity  of  Quebec,  the  Hurons,  as  we  have 
seen,  did  not  take  more  energetically  to  the  caltivation  of  the  soil ;  on  the 
contrary,  under  the  new  conditions  they  gave  up  little  by  little  the  practice 
of  agriculture.  Similarly  they  did  not  develop  any  greater  aptness  to  hold 
land  either  privately  or  collectively. 

In  1631,  the  King  of  France  bestowed  on  the  Christian  Indians  settled 
in  the  vicinity  of  Quebec  (of  whom  the  Hurons  were  the  nucleus)  a  grant 
of  land  covering  three  miles  in  width  on  the  river  St.  Lawrence  by  twelve 
milea  in  depth,  the  seigniory  of  Sillery.     Of  course,  the  Hurons  were 

'  The  originals  of  the  deeds  are  in  the  archives  of  the  Department  of  Indian 
Affairs,  Ottana.     I  have  to  thank  Hi.  Samnel  Stevrart  and  Hr,  D.  C.  Scott  for  their 
kiadness  in  facilitatin);  m;  inquiry. 
^ '  Jt*iiit  BelatioM  (Thwalies),  x.  pp.  223, 226. 
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quite  uoprep&red  io  take  advantage  or  retain  possession  of  dUcli  afiektent 
of  territory,  especially  in  a  region  where  arable  land  was  rather  scarce 
and  (;reatly  in  demand.  Tbey  allowed  themselves  to  be  disposseswd 
piecemeal  of  the  land  itself,  and  of  the  seigniorial  dues  attached  to  it  as 
well,  and  were  left  with  holdings  totally  inadequate  for  their  support  and 
advancement. 

In  short,  the  system  of  property  of  the  Hurons  of  Lorette  is  character* 
ised  by  the  absence  of  private  holdings  and  the  limitation  of  the  collective 
holdings.  These  conditions  are  the  direct  outcome  of  the  forms  of  labour 
which  they  retained  or  adopted  under  the  combined  influenceof  their  own 
traditions,  of  the  physical  features  of  the  country  around  Quebec,  and  ol 
social  environment  and  competition. 

These  property  conditions,  in  their  turn,  have  bad  far-reaching  effects 
on  the  farther  social  evolution  of  the  Huron  community.  They  permitted 
its  being  closely  surrounded  and  permeated  in  its  home  life  by  outside 
principally  French  Canadian)  notions  and  manners.  The  villt^  of 
Lorette  is  inextensive,  and  so  penetrated  by  the  adjoining  settlements, 
that  on  its  outskirts,  at  many  points,  Huron  homes  almost  join  those  of 
white. neighbours,  and  it  is  often  a  difficult  matter  to  say  when  tlie  line 
of  demarcation  passes.  The  consequences  of  this  close  neighbourhood  will 
appear  presently. 

The  family  group  at  Lorette  is  quite  restricted.  Each  household,  as  a 
rule,  consists  of  a  single  family,  comprising  only. a  few  persons;  for 
instance,  the  husband,  the  wife,  and  two  or  three  young  children  ;  in  oUier 
cases  an  aged  couple  alone,  or  possibly  assisted  by  a  grown-up  daughter  or 
son.  When  barely  eight  or  ten  years  old  the  Huron  boy  or  girl  takes  to 
manufacturing  fancy  wares  at  home,  and  soon  acquires  a  training  in  the 
various  arts.  At  twenty  or  twenty-two  they  marry,  and  take  up  house 
separately  from  the  parents.  If  they  have  decided  to  remain  at  Lorette, 
and  are  not  already  provided  with  a  lodging  there,  they  apply  for  a  lot 
from  the  village  council,  and  build  a  house  for  themselves.  To  recent 
years  the  development  of  industry  has  induced  several  newly  married 
couples  to  take  up  their  home  in  their  native  village;' a  new  street,  or 
rather  lane,  had  to  be  opened,  and  still  another  will  be  opened  soon. 

The  restricted  family  group  of  tbe  Hurons  of  Lorette  is  verj'  unlike 
the  patriarchal  household  of  their  ancestora,  wherein  eight  or  ten,  or  even 
as  many  as  twenty-four,  families  lived  under  one  roof.'  Apart  from  that 
close  material  grouping  into  large  households,  there  existed,  among  the 
ancient  Hurons,  social  groups  much  more  comprehensive — clans  founded 
on  consanguinity.  At  one  time  there  were  as  many  as  twelve  clans, 
amons  which  the  Huron  families  were  distributed. 

*  The  unit  of  the  Wyandot  social  and  political  systems,'  writes  Ur. 
W.  E,  Connelly,  whose  knowledge  of  the  Wyandots  settled  in  the  Indian 
Territory  of  the  United  States  is  most  thorough,  'was  not  the  family  nor 
the  individual,  but  the  clan.  The  child  belonged  to  its  clan  first,  to  its 
parents  afterwards.' ' 

The  clans  were  not  mere  local  organisations  ;  they  were  ramified 
throughout  the  whole  territory,  throughout  tbo  whole  nation  ;  so  that 
while  the  people,  for  purposes  of  livdihood,  were  dispersed  in  distant 

'  Cbamplain,  vol,  iv.  p,  74.    ' 

'  Ontario  Architalogdal  B^ort,  1899,  p.  IW.  . 
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villagos,  and  for  purposes  of  governiaeut  were  divided  into  five  or  six 
trib^  or  Bub-nfttions,  still  they  held  fast  together  hy  the  strong  bond  of 
the  clan  founded  on  family  relationship. 

A  peculiar  feature  of  the  Huron -Iroquois  clanstiip  was  that  it  existed 
and  was  transmitted,  not  through  the  men,  but  through  the  women  of  the 
tribe  or  family.  The  Huron  child  did  not  belong  to  the  clan  of  his 
father,  but  to  that  of  bia  mother.  In  the  same  way  the'  possessions  of  a 
deceased  Huron  warrior  did  not  go  to  his  sons,  but  to  his  brothers,  or  to 
the  sons  of  bia  aisters  ;  that  is,  to  members  of  bia  own  clan. 

At  Lorette  to-day  no  trace  is  to  be  found  of  the  old  Huron  clanship 
in  tbe  social  inatitutiona  ;  even  the  memory  of  it  is  almost  effaced.  The 
members  of  the  band  whom  I  questioned  on  the  subject  were  not  totally 
ignorant  of  the  clan  system,  but  they  invariably  connected  it  with  male 
descent.  One  Huron,  ninety  years  of  age,  and  another  seventy-six  years 
of  age,  told  me  they  belonged  to  the  clan  or  'compagoie'of  the  Deer, 
their  re^on  for  saying  so  being  that  their  father  had  belonged  to  it. 
Another  claimed  to  be  of  the  '  compajnie '  of  the  Tortoise,  also  because 
his  father  bad  been  of  that  clan  ;  and  to  remove  my  doubts  he  added  ; 
'  How  could  I  belong  to  a  Huron  clan  through  my  mother,  who  was  a 
French  Canadian  ] ' 

Old  Thomas  Tsioui  {whose  name  has  been  mentioned  previously) 
expressed  somewhat  similar  views  to  me.  His  contention  is  that  the 
Tsiouis  are  the  only  genuine  Hurons  at  Lorecte  ;  that  all  the  others  are 
descendants  of  French  Canadians  who  stole  their  way  into  the  Huron 
community.  As  I  objected  that  tbe  Tsiouis  themselyes  could  not  claim 
pure  Huron  extraction,  their  mothers  and  grandmothers  in  moat  cosea 
being  French  Canadian  women,  the  old  man  argued  with  great  warmth 
that  man,  and  not  woman,  the  husband,  not  the  wife,  made  the  race. 
He  waa  seemingly  unaware  that  this  was  the  very  opposite  of  the  Huron 
doctrine,  and  that  bis  use  of  such  an  argument  was  good  proof  to  me  that 
he  was  ao  longer  a  Huron  in  respect  to  some  of  tlie  fundamental  traditions 
of  tbe  race. 

A  simple  phenomenon  which  marks  the  evolution  of  our  Hurons  from 
the  patriarchal  community  and  clanship  of  their  ancestors  to  the  reduced 
family  group  of  to-day  is  the  adoption  of  distinct  family  names,  trans- 
mitted from  father  to  son.  With  the  old  Hurons  there  did  not  really 
exist  any  permanent  family  names  other  than  the  general  designation  of 
each  clan.  Each  individual  was  given  a  name  distinctive  of  himaelf  and 
of  his  clan  as  well,  but  which,  as  in  the  case  of  the  first  name  with  us,  he 
did  not  transmit  to  his  progeny.  '  Each  clan,'  writes  Mr.  Connelly,  '  had 
its  list  of  proper  names,  and  this  list  was  its  exclusive  property,  which  no 
other  clan  could  appropriate  or  use.  .  .  .  Tbe  customs  and  usages  govern- 
ing the  formation  of  clan  proper  names  demanded  that  they  should  be 
derived  from  some  part,  habit,  action,  or  some  peculiarity  of  the  animal 
from  which  the  clan  was  descended.  .  .  .  Thus  a  proper  name  was  always  a 
distinctive  badge  of  the  clan  bestowing  it.  When  death  left  unused  any 
of  the  original  clan  proper  names,  the  next  child  bom  into  tbe  clan,  if  of 
tbe  sex  to  which  the  temporarily  obsolete  name  belonged,  had  this  name 
bestowed  upon  it.'  *- 

After  ttie  missionaries  had  converted  the  Hnrons  to  tbe  faith  tbey 
introduced  Christian  names,   which  for   many  generations  were    used 
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concurrently  with  clan  designations,  but  in  the  end  superseded  them. 
Most  of  the  family  names  at  Lorette  are  Oiristian  names  which  have 
become  permanently  attached  to  the  various  households  :  Komaiin,  Yjncent, 
Gros-IiOuis,  Bttstien  {for  Sebastien).  It  was  in  the  early  years  of  the 
present  nineteenth  century  that  family  names  became  permanent  at 
Lorette,  and  transmissible  from  father  to  son.  There  are  to-day  21 
fftiniliea  of  Tsiouis,  13  Ficard,  12  Groa  Louis,  6  Vincent,  4  Bostien,  2 
Romain,  besides  3  de  Gonzague  (of  Abenakis  extraction),  and  1  Paul  (of 
Malecite  extraction). 

From  the  organisation  of  the  family  group,  if  we  turn  to  its  internal 
management,  we  find,  in  the  first  plaice,  that  the  parents'  authority  over  the 
children  is  of  limited  extent.  Very  tittle  restraint  is  put  on  the  children. 
Constant  intercourse  between  the  various  households  in  that  crowded 
village  tends  to  lessen  the  action  of  each  separate  group  over  its  children. 
These,  at  an  early  age,  as  we  have  seen,  acquire  a  training  in  handicraft 
and  become  important  ^tors  in  the  welfare  of  the  family,  or  at  any  rate 
independent  of  it  for  their  livelihood.  In  that  respect  the  Hurons  of 
Lorette  still  resemble  to  a  certain  extent  their  primitive  ancestors,  who 
allowed  their  children  great  freedom,  and  never  chastised  them.'  Among 
the  ancient  Hurons  the  laxity  of  parental  rale  was  the  natural  result  of 
the  development  of  hunting  and  of  warlike  pursuits,  in  all  of  which  the 
young  men  had  necessarily  a  superiority  over  the  older  members  of  the 
family.  With  the  Hurons  of  Lorette  the  same  lax  family  government 
continued  to  prevail,  owing  to  the  long  maintenance  of  the  chase  as  their 
principal  means  of  living,  only  to  be  displaced  in  recQnt  times  by  industries 
which  afibrd  to  the  young  great  facilities  for  the  establishment  of  separate 
independent  homes. 

Nevertheless  morals  are  not  bad.  They  are  certainly  greatly  in 
advance  on  what  they  were  in  olden  times.  But  the  result  is  due  almost 
wholly  to  outside  influences— religious  action  and  social  environment.  The 
morals  of  the  ancient  Hurons  were  of  a.  very  low  order  :  debauchery  was 
rampant  in  their  viUagCK.^  When,  after  their  overthrow  by  the  Iroquois, 
they  fell  under  the  rule  of  the  Jesuit  missionaries,  a  strict  code  of  monastic 
morality  was  enforced  upon  thera.^  The  greater  number  submitted  to  it, 
not,  however,  through  any  strong  personal  sense  of  duty  and  self-respect,  but 
impelled  by  fear  of  exclusion  from  the  reserve  or  of  the  infliction  of  some 
public  penance.  Accordingly,  under  the  British  regime,  as  eoon  as  the 
strung  hand  of  the  Jesuit  w:l3  withdrawn,  the  Huron  morals  relaxed,  and, 
under  the  influence  of  the  corrupt  elements  from  the  near-by  city,  fell  to 
a  very  low  plane.  In  the  course  of  the  nineteenth  century  Lorette 
became  '  the  constant  resort  of  the  dissipated  youth  of  Quebec,  and  the 
scene  of  midnight  orgies  and  profligacy  of  the  worst  description,  until  the 
extent  of  the  evil  attracted  the  attention  of  the  police  authorities,  who 
took  measures  to  repress  the  mischief.'^  Since,  under  the  combined 
influence  of  religious  preaching  and  of  better  social  environment,  they 
have  gradually  improved  in  self-restraint  and  self-respect.  Illegitimate 
births  are  now  of  rare  occurrence.  Many,  however,  are  still  addicted  to 
liquor. 

'  Champlain,  iv,  p.  86.  •  Ibid.,  Iv.  pp.  82-5. 

•  Jesuit  Belatitmt,  passim ;  Charlevoix,  Jmrnal,  p.  82 ;  Doeumeittt  SouteUe-Ftanee, 
p.  24  ;  Frauqaet,  Journal  de  Voyage,  p.  113. 

'  Journal)  Attewbl;/,  19H-6,  Appendix  ;  ibid.,  1817,  Evidence  of  Ilev.  L.  Fortier, 
miesioimT]!'. 
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Very  little,  iadeed,  remains  of  the  old  Huron  traditions.  The  tenets 
of  the  Catholic  faith  have  stamped  out  the  pagan  mjtha  and  superstitions 
of  primitive  timej.  Whilo  these  Hurons  have  not  attaiued  a  veiy 
high  degree  of  religious  development,  they  have  drifted  far  away  from 
the  beliefs  of  their  anceBtors.  The  only  trace — and  a  doubtful  one 
at  that — I  could  find  of  their  past  faith  was  the  vain  boasting  of  one  of 
their  old  men,  who  wished  to  impress  me  with  his  medical  skill :  he  had 
the  power,  he  told  me,  of  stopping  or  quickening  at  will  the  flow  of  the 
blood  through  the  sick  man's  body.  Was  this  a  faint  recollection  of  the 
old-time  medicine  man  and  sorcerer  J 

The  Huron  tongue  is  ao  longer  spoken  at  Lorette.  French  has 
replaced  it.  Even  the  older  members  of  the  tribe,  in  answer  to  my 
inquiries,  bad  the  greatest  difficulty  in  recalling  a  few  disconnected 
words.  Some  of  them  could  barely  tell  the  meaning  of  their  own  Huron 
name  which  on  exceptional  occasions  they  affix  to  their  every-day  French 
name.  Even  the  few  Huron  words  thus  preserved  in  their  family 
nomenclature  do  not  appear  to  be  rightly  pronounced  by  them  ;  in  many 
names  the  letter  'L'  has  been  introduceil,  and  this  their  ancestors  did  not 
make  use  of.  For  instance,  hahn-yohn-yeh,  the  old  Wyandot  word  for 
bear,'  has  been  changed  at  Lorette  to  hahn-yohn-len ;  Owawandaronhe, 
Odiaradheit^,  and  T^<*cheandab(i'  have  become  respectively  Wawendarolen, 
Ondiaral^ti^  and  T^achendal^.  As  far  back  as  hfty  years  ago,  the  Huron 
tongue  was  already  out  of  general  use  at  Lorette.^  From  Franquet  we 
learn  that  about  the  middle  of  the  eighteenth  century  a  number  of  the 
Hurons  could  speak  French,* 

The  Huron  boys  and  girls  show  marked  aptitudes  for  commerce, 
industrial  arts,  and  even  the  fine  arts ;  but  they  seldom  develop  these 
talenta  to  any  degree,  though  opportunities  are  sometimes  ottered  them  of 
doing  so.  They  nearly  all  have  tine  voices  and  a  good  ear  fur  music ; 
some  of  them  have  shown  taste  as  draughtsmen  or  painters.  The  greater 
number,  however,  lack  the  stoodiness  of  purpose  which  would  be  neces- 
sary to  make  the  most  of  their  talents. 

Mode  of  Living, 

As  regards  food,  shelter,  clothing,  hygiene,  recreation*,  the  people  of 
Lorette  may  be  considered  to  day  as  having  the  same  habits  as  the  French 
Canadians  of  corresponding  classes. 

The  greater  quantity  of  the  food  consumed  by  them  is  obtained  from 
itinerant  traders  or  from  dealers  who  supply  the  French  Canadians  of  St. 
Arabroise  as  well.  I  happened  to  take  a  meal  at  the  home  of  one  of  the 
poorest  Huron  families  settled  on  the  reserve,  and  still  remember  how  I 
enjoyed  that  simple  lunch  of  milk,  butter  and  bread,  cream  and  [ireserved 
frui^  which  was  daintily  served  in  clean  china  or  glass  and  on  neat  linen. 
From  the  accounts  left  by  Kalm  (1749)  and  Franquet  (175H)  we  may 
Aafely  draw  the  conclusion  that,  about  the  middle  of  the  eighteenth 
century,  after  one  hundred  years'  intercourse  with  the  French,  ihe  Hurons, 
as  regards  the  food  consumed  and  its  preparation,  retained  much  of  the 
tastes  and  coarseness  of  their  piimitive  ancestors.^ 
—  *The  bouses' at-Lorette  are  generally  small,  low-roofed,  wooden-bnild- 

'-ConncUy.-u/J-cM..  p.  103,.  '  Jaurnalt  AttemUg,  Ifll?. 

•  Hepirrl  of  Hiitcied  Commtuinverii,  1830,  p.  30.  '  frauqiietj  p,  143. 

•KalQ],p.  Hi;  Franquet,  p.  HI,  ,  .  ■ 
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inga  wbitewufaed.  They  are  disposed  in  double  rows,  along  nafrow  Wm, 
and  moat  of  them  devoid  of  jard,  gardea,  or  outbuildings.  Sometimes 
these  houses  are  too  close  to  one  another  for  the  comfort  of  their 
tKcupants.  On  the  other  hand  there  is  an  air  of  cleanliness  about  them, 
and  with  few  exceptions,  they  appear  to  be  as  well  kept  as  the  tidiest 
French  Canadian  farmer's  or  mechanic's  home.  The  Hurons  gave  up 
their  old  style  of  long  narrow  huts  made  of  bark  and  BBplings,  and  took 
to  building,  after  the  manner  of  the  early  French  settlers,  log  and  boaid 
houses,  shortly  after  their  removal  (the  last  in  the  series)  to  Jeune  Lorette, 
that  is  between  the  years  1700  and  1730.1  Ealm,  in  1749,  found  them 
living  in  houses  comprising  each  two  rooms  (kitchen  and  bedroom),  but 
very  scantily  furnished,  so  much  so  that  the  beds  were  left  without  sheeta 
or  covering.  The  Hurons  at  night  were  content  with  wrapping  them- 
selves up  in  the  blankets  they  had  worn  all  day.  They  were  provided  with 
stoves,  says  Franquet.  but  the  heat  they  supplied  only  served  to  render 
unbearable  to  all  but  Indians  the  tilthiness  of  the  surroundings.* 

The  clothing  in  use  by  the  Hurona  of  Lorette  is  the  same  as  th&t 
of  the  French  Canadian  working  classes.  The  old  Huron  style  of 
dress,  even  that  of  the  later  period,  has  been  abandoned.  I  was  able  to 
discover  one  member  only  uf  the  band,  a  Huron  lady  in  the  nineties, 
who  still  retained  the  traditional  costume  of  the  last  century  :  the  abort 
skirt,  with  the  '  mitasaea '  (leggings)  and  the  moccasins.  'The  costumes 
in  which  the  '  worriora '  and  chiefs  parade  on  eiceptionally  solemn  occa- 
sions, are  almost  wholly  artificial  in  their  make-up.  Ordinary  cloth  and 
printed  calicoes  are  used  for  the  purpose,  aad  in  the  ornamentation  of  the 
Tarious  parts  no  trace  is  seen  of  the  mythical  and  symbolic  forms  charac- 
teristic of  the  primitive  art  of  the  Huron -Iroquois.  Kolm  and  Franquet, 
about  the  middle  of  the  last  century,  found  the  Huron  women  of 
Lorette  still  clinging  to  the  old  Huron  form  of  dress  ;  but  the  men, 
though  usually  wearing  the  blanket,  at  times  would  don  articles  of  dress 
borrowed  from  the  French.' 

Notwithstanding  the  close  grouping  of  the  houses  in  the  TiUagp, 
the  hygienic  conditions  at  Lorette  are  fairly  good  ;  a  result  due  in  great 
part  to  the  measures  token  by  the  village  council  and  the  people  themseivei 
tor  the  sanitation  of  the  surroundings.  There  has  been  much  admixture 
of  foreign  blood.  For  several  generations  past  the  Hurona  have  inter- 
married with  the  whites,  principally  with  the  French  Canadians.  The 
Huron  physical  type  has  been  greatly  altered,  but  not  entirely  blotted 
out.  The  massive  build  and  high  stature  which,  we  are  told,  were  preva- 
lent features  among  the  old  Hurons,  are  not  now  common  at  Lorette ; 
neither  are  the  cheek  bones  and  nose  unduly  prominent,  as  a  rule  ;  but 
the  rather  dark  olive  complexion,  the  almond-shaped  eyes,  and  the  stiff 
flat  hair  are  often  observed,  and  perhaps  more  so  in  very  young  children 
than  in  the  grown-up  people. 

The  amusements  indulged  in  are  largely  the  same  aa  those  of  the 
French  Canadians  in  the  neighbourhood.  A  typical  initiative  on  the  part 
of  the  young  men  of  Lorette  was  the  organising  among  themselves  and 
equipping  of  a  brass  band.  The  numerous  dances  which  were  still  gone 
through  on  all  great  occosiona,  about  ttie  middle  of  the  last  century,*  have 
long  since  been  forgotten.    Shooting  the  arrow  waa  a  favourite  sport  with 
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the  Huron  hoja,  even  np  to  the  early  years  of  the  niiieteenth  century.  No 
more  is  seen  of  it  now.  Even  lacrosae,  the  Hnron  national  game,  which 
has  become  the  favoarite  sport  of  bo  many  Canadians,  ia  no  longer  played 
at  Lorette, 

Villaffe  and  State. 

Lorette  is  not  well  provided  with  the  elements  which  give  variety  and 
activity  to  village  life,  and  help  to  build  up  the  framework  of  municipal 
government.  The  employers  of  labour  are  very  few,  and  nearly  all  ont- 
aiders,  French  or  Scotch  Canadi&ns.  In  the  same  way  the  bulk  of  the 
trade  which  is  done  at  Lorette  in  connection  both  with  the  provisioning 
of  the  families  and  the  output  of  their  industries  (the  smaller  class  t$ 
Indian  fancy  wares  excepted)  is  carried  on  by  their  white  neighbours  of 
St.  Ambroise. 

There  is,  however,  a  very  notable  departure  from  this  condition  of 
things  in  the  enterprise  shown  by  Mr.  Maurice  Bastien,  of  Huron  descent, 
who  operates  the  largest  hide-dressing  and  moccasin  and  snowshoe- 
making  establishment  in  and  about  Lorette,  and  at  times  gives  employ- 
ment to  some  fifty  people.  In  other  respects  also  does  Mr.  Bastien  set  a 
good  example  for  his  kinsmen  to  follow.  He  is  almost  a  total  abstainer 
from  alcoholic  beverages.  He  has  bought  and  partly  cleared  and  improved 
some  fifty  arpents  of  land  adjoining  the  village  plot,  on  which  he  now  outs 
every  year  about  20  tons  of  hay,  reaps  about  150  bushels  of  oats  and 
buckwheat,  pastures  nine  cows  and  some  horses.  An  interesting 
experiment  which  he  is  carrying  on  for  the  firm  of  Renfrew,  fur  dealers, 
of  Quebec,  is  the  breeding  of  buffaloes  from  stock  obtained  in  the  State  of 
Kew  York.  Mr.  Bastien  proposes  to  have  one  or  two  of  hia  sons  to  take 
up  agricultnro  as  a  means  of  livelihood.  A  further  proof  of  his  spirit  of 
enterprise  and  progress  is  the  building,  at  hia  own  expense,  of  a  ^stem 
of  waterworks  whereby  each  family  in  the  Huron  village  is  enabled  to 
secure  in  its  own  house,  at  the  low  rate  of  four  dollars  per  annum,  an 
abundant  supply  of  pure  water. 

Education  does  nob  provide  more  leaders  than  do  industry  and  com- 
merce. The  school  for  girls  and  that  for  boys  are  each  under  the  care  of 
a  female  teacher  paid  by  the  Canadian  Oovemmeat.  The  school  house 
is  built  on  the  site,  and  partly  out  of  the  material  of  the  priest's  house 
erected  by  the  Jesuits  in  the  early  years  of  the  eighteenth  century.  The 
progress  at  school  of  the  girls  is  said  to  be  satisfactory,  that  of  the 
boys  not  so.  There  are  very  few  persons  of  culture,  or  even  ordinary 
education,  at  Lorette.  The  professional  men  whose  services  may  be 
required  all  reside  in  neighbouring  villages.  Mr.  Paul  Ficard,  a  retired 
Civil  Service  employ^  of  the  Quebec  Government,  and  the  son  of  a  noted 
Huron  chief,  resides  here.  He  was  employed  as  a  draughtsman,  and  at 
one  time  was  a  public  notary.  He  is  particularly  well  informed  on  the 
history  of  the  Huron  community,  and  a  staunch  defender  of  the  rights  of 
his  kinsmen, 

A  feature  of  Lorette  is  its  quaint  little  church,  the  greater  part  of  which 
dates  back  to  1730.'  There  is  no  resident  missionary,  but  the  parish  priest 
of  St.  Ambroise,  near  by,  ministers  to  the  religious  welfare  of  the  Huron 
community.  An  early  morning  service  is  held  every  Sunday  and  a 
sermon  preached-     The  singing  and  preaching  are  done  in  French,     Xhe 

I  t.  St.  O,  Lindsay,  flWwF  flnwrfiCTin*,  1900,  p.  IJ?.  C~iOO>''lc 


560  nEPOET— 1900. 

priest  receives  an  allowance  of  235  dollars  from  the  Canadian  Govern- 
ment for  his  BerviceB  in  this  connectiou. 

Five  chiefs  (one  head  chief  and  four  second  or  Gub-cblefs)  manage  the 
public  affairs  of  the  Huron  community  under  the  supervision  of  the 
Department  of  Indian  Aflairs.  These  chiefs  in  council  frame  regulations 
for  the  maintenance  of  order,  the  repressioD  of  intemperance  and  pro- 
fligocy,  ibc  care  of  public  health,  the  construction  and  repairs  of  school 
houses  and  other  public  buildings,  the  locating  of  land  on  tixe  reserve, 
&o.      They  are  elective,  and  their  term  of  office  is  for  three  years. 

The  alxive  system  of  government  is  not  the  traditional  one  of  the 
Hurons.  It  was  introduced  in  recent  years  by  the  Canadian  Government 
under  the  provisions  of  the  Indian  Act.'  In  former  years  the  Hurons 
elected  sis  chiefs  or  more  :  one  grand  chief,  one  second  chief,  two  council 
chiefs,  and  two  chiefs  of  the  warriors.  These  chiefs  were  elected  for  life. 
If  we  go  still  further  back,  to  the  seventeenth  century,  we  see  that  the 
ancient  Hurona  had  many  chiefs  ;  war  chiefs  and  chiefs  entrusted  with 
various  administrative  functions  ;  and  all  were  to  a  certain  extent 
hereditary  and  to  a  certain  extent  elective.* 

At  the  present  time  the  head  chief  of  the  Hurons  of  Lorette  {elected 
quite  recently)  is  Francois  Gros- Lou  is.  Maurice  fiastien,  Gaspard  Picard, 
Maurice  Tsioui  are  three  of  the  sub-chiefs. 

The  Hurons  of  Lorette  are  under  the  tutelage  of  the  State,  Their 
landed  property  is  held  in  trust  for  them  by  the  Department  of  Indian 
ASairs.  The  latter  also  has  the  management  of  the  revenue  derivtd 
from  part  of  these  lands,  and  out  of  which  expenses  of  a  public  character 
are  to  be  paid.  The  Department  is  kept  informed,  and  generally  acts 
through  an  agent,  who  resides  on  the  reservation — Mr.  A.  0.  Bastien,  an 
intelligent  and  educated  Huron, 

There  has  been  of  late  years  mucli  dissatisfaction  and  strife  in  the 
Huron  community  over  the  management  of  public  affairs.  A  party,  con- 
sisting chiefly  of  a  large  aumber  of  the  Tsionis,  think  they  have  not  had 
their  proper  share  of  ths  funds.  They  find  fault  with  the  chiefs,  the 
agent,  and  the  Department  as  well.  They  refuse  to  attend  meetings, 
to  take  part  in  elections,  and  are  intent  on  electing  chiefs  of  their  own. 

A  remarkable  fact  is  that  the  Hurons  as  a  whole  show  no  desire  of 
l)eing  enfranchised.  Even  the  malcontents  scorn  the  idea.  Under 
present  conditions  the  Government  meets  all  expenses  in  connection  with 
church  and  school  and  other  matters.  Practically'  they  have  no  taxes  to 
pay,  not  even  roada  to  maintain,  the  way-leave  over  the  reserve  being 
granted  to  residents  of  neighbouring  pariKhes  on  condition  that  they 
take  charge  of  the  road.  Enfranchisement,  they  say,  would  only  add  tc- 
their  burdens  and  render  them  more  liable  to  be  swindled  out  of  their 
property  by  the  more  unscrupulous  of  their  white  neighbours. 

Before  concluding,  it  will  be  of  interest  to  make  a  mpid  review  of  the 
influences  which,  acting  on  the  primitive  Huron  type,  brought  it  to  its 
present  stage  of  social  tran^^formation.  These  influences  may  be  classed 
under  three  heads  :  (1)  Ear]y  trade  relations  with  the  French  and 
preaching  of  the  Gospel ;  (2)  physical  features  of  the  country  about  and 
back  of  Quebec  ;  (3)  close  neighbouihood  and  competition  of  the  white 
settlers. 

'  Bevised  Statutes  of  Caoadn,  cap.  tS,  sects.  7S  and  TG. 

<  Bribenf,  Jetvit  lUiationt.  Thwaites's  edilion,  vol.  x.  pp.  231,  S33;  Pai^maD, 
JetvUt  {n  XartK  Ammoa,  latrodaction,  p.  Hi, 
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.    1.  The  first  series  of  influences  (commercial  intercourse  and  religions 

f)reachiiig)  exerted  themselvea  over  the  ancient  Hurons  previous  to  their 
eaving  their  old  abode  in  Western  Ontario.  Commerce  introduced  into 
the  Huron  villagfis  by  the  eariy  French  discoverers,  or,  at  least,  greatly 
developed  by  them,  upset  the  balance  of  tho  traditional  system  of  labour 
of  the  Hurons,  by  reducing  the  relative  importance  of  agriculture  as  a. 
means  of  livelihood  for  them.  Thereb;  the  Hurons  were  rendered  less 
sedentary,  more  nomadic,  less  apt  to  fortify  their  villages  and  to  hold 
the  country  against  invaders.  The  young  and  able-bodied  men  were  kept 
much  away  from  home  by  their  hunting  and  trading  expeditions,  leaving 
the  towns  insufficiency  protected  against  attack,  while  themselves  heavily 
laden  with  furs  or  other  goods,  but  scantily  equipped  with  arms  and 
ammunition,  fell  an  easy  prey  to  Iroquois  war  parties. 

Again,  commerce,  by  reducing  the  importance  of  agriculture  in  the 
labour  system  of  the  Hurons,  weakened  the  clan  organisation,  on  which 
the  whole  Wyandot  social  fabric  rested.  Female  clanship  was  dependent 
for  its  strength  on  the  social  prestige  of  the  women  ;  and  this  in  turn  wa^ 
largely  dependent  on  the  development  of  agriculture,  which  was  left  to 
their  charge.^  The  preaching  of  the  new  religious  dogmas  by  the  Recollet 
and  Jesuit  missiionaries  and  the  conversion  to  the  faith  of  a  number  of 
the  Hurons  also  tended  to  undo  the  binding  action  of  clanship.  For 
clanship  in  its  origin  was  blended  with  the  religious  beliefs  of  these 
primitive  people ;  each  clan  was  under  the  special  protection  of  a  pagan 
myth,  and  the  preaching  of  the  Gospel  released  the  hold  which  these 
myths  had  on  the  minds  of  the  Hurons.  In  that  way  were  the  strong 
family  ties  which  bound  together  the  scattered  parts  of  the  Wyandot 
confederacy  loosened,  and  the  Hurons  rendered  less  capable  of  strong 
united  action.  In  that  way  were  the  Iroquois  enabled  to  defeat  one  after 
the  other  the  disconnected  groups  and  bring  about  the  utter  dispersal  of 
the  Huron  nation.  Such  is  the  social  significance  of  the  facts  set  forth  in 
the  early  accounts,' 

Of  the  five  or  six  tribes,  or  su'^rdinftte  nations,  which  made  up  the 
Wyandot  confederacy,  only  three  (the  nation  of  the  Bear,  that  of  the 
Rock,  and  that  of  the  Rope)  repaired  towards  Quebec.  A  few  years  later 
two  of  these  tribes  were  forced  by  the  Mohawks  and  the  Onondagas  to 
join  their  respective  nations  ;  and  the  nation  of  the  Rope  was  finally  the 
only  one  to  remain  with  the  French.^  From  this  sole  tribe,  very  much 
disorganised  and  reduced  in  numbers,  and  still  farther  reduced  by  sub- 
sequent wars,  did  the  present  Lorette  community  spring. 

2.  The  physical  features  of  the  country  about  and  hack  cf  Quebec, 
characterised  by  the  restricted  area  of  the  arable  belt  and  the  development 
of  the  mountain  and  forest  tract,  had  the  e/Iect  of  keeping  the  small 
Huron  group  away  from  agriculture,  of  taming  it  more  completely  towards 
the  chase  and  those  industries  dependent  on  the  chase  and  the  forest  for 
their  raw  material.  Thereby  the  Hurons  were  prevented  from  acquiring 
any  greater  fitness  for  heavy  and  steady  labour,  and  from  developing  any 
greater  ability  or  desire  to  hold  land. 

3.  The  close  neighbourhood  and  competition  of  the  white  settlers  had 
two  quite  distinct  effects  on  the  Hurons.    On  the  one  hand,  their  influence 

'  P.  de  Ronsiers,  Li  Srieift  Sueiale,  1S90,  vol.  i 
1  Champtain,  iv.  pp.  i'A,  44,  101 ;  Jesuit  Jlelatiiii 
G8;  CharIeT..ix.  voL  i.  p.  301. 

•  Jetuit  Helationt,  1657,  pp.  20  and  23.  ,  "ill  )i'^lr 
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VDited  with  that  of  physical  enTironment  in  checking  the  agricultural 
development  of  the  Hurons  and  retaining  them  in  the  lower  forms  of 
labour  and  property.  On  tiie  other  hand  these  conditions  of  close  inter- 
course with  the  white  settlers — brought  about  by  the  reduced  area  of  the 
Lorette  holdings — transformed  the  home-life,  and  in  the  end  materially 
improved  the  entire  mode  of  living,  of  the  Hurona. 

The  Iroquois  community,  settled  at  Caughnawaga,  in  the  vicinity  of 
Uontreal,  provides  an  interesting  subject  of  comparison  ;  for,  though  origi- 
nally of  the  same  social  type  as  the  Hurons,  their  evolution  in  recent  times 
h&3  been  in  quite  the  opposite  direction. 

In  conclusion,  the  greatest  weakness  in  the  social  organisation  of  the 
Hurons,  and  the  one  which  should  be  remedied  first,  is  that  resalting  from 
their  property  conditions.  An  ever- recurring  theme  of  conversation 
among  young  and  old  at  Lorette  is  the  endless  series  of  their  grievances, 
all  more  or  less  connected  with  property  rights  :  grievances  against  the 
Jesuits  for  having  dispossessed  them,  or  allowed  them  to  be  dispossessed, 
of  their  seigniory  of  Sillery  ;  grievances  against  the  British  Government 
for  not  having  restoretj  tbem  to  their  rights  after  the  conquest ;  grievances 
ngainst  some  of  their  deceased  chieftains,  for  having  laid  hands,  so  they 
declared,  on  parts  of  the  common  land ;  grievances  also  against  some  of 
the  present  chiefs  for  using  the  common  property  for  private  ends  ; 
grievances  agtunst  the  Provincial  Government  for  invading  their  hunting 
grounds ;  and,  finally,  grievances  against  the  Federal  Government  and  its 
agent  for  alleged  maladministration  of  the  reserves  and  the  revenues 
therefrom.  The  limited  extent  and  collective  ownership  of  the  holdings 
have  had  the  effect,  not  only  of  helping  to  keep  the  Hurons  away  from 
agriculture  and  bringing  about  over-density  of  population  in  the  village, 
but  also  of  concentrating  the  minda  and  energies  of  individuals  on  petty 
common  rights  and  privileges  (to  the  detriment  of  initiative  in  more 
fruitful  pursuits)  and  of  breeding  a  harmful  spirit  of  discontent. 

It  seems  that  much  would  be  done  for  the  betterment  of  the  condition 
and  the  more  normal  development  of  these  Hurons  were  it  found  possible 
to  carry  out  the  plan  suggested  by  Sir  James  Kempt  as  far  back  as  1830, 
and  further  recommended  by  the  Government  Commissioners  in  1847  ; 
that  is,  if  land  in  the  vicinity  of  Lorette  and  suitable  for  agriculture  were, 
on  proper  terms,  put  at  the  disposal  of  the  Hurons,  on  which  some  of  them 
at  least,  under  intelligent  and  kindly  supervision,  might  be  made  to  acquire 
proficiency  in  farming  and  aptness  for  the  management  of  property.  I'hus 
would  they  become  a.  less  dependent,  a  more  contented  and  prosperous 
community. 

Anf}irojx>hifical  Phofoffro-phs. — Inferim  J}<yoH  of  the  Coinmitlee,  con- 
sisting of  Mr.  C,  H.  Head  (Chairman),  Mr.  J,  L.  Mybes 
(Secretary),  Mr.  H.  Balfour,  Professor  FLINDERS  Petwe,  Dr. 
J.  G.  Garsom,  Mr.  E.  S.  Hartland,  and  Mr.  H.  Ling  Roth, 

appointed  for  the  Oollection,  Preservation,  and  Systematic  Reyistra- 
tlon  of  Plwioffraplis  of  ATithropological  Interest. 

The  Committee  report  that  a  considerable  number  of  photographs  have 
been  collected  and  registered ;  but  that  it  has  been  found  advisable  to 
postpone  til]  nextyear  the  publication  of  a  reference  list.  The  Committee 
ask  to  be  reappointed, 
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FeHilisation  in  the  PhsophycecB. — Report  of  the  Commitiee,  cemsisUng 
0/ Professor  J.  B.  Farmer  (Gkairmaii),  ProfeBBor  E.  W.  Phillips 
(Secretary),  Professor  F.  0,  Bower,  ard  Professor  Harvey 
Gibson. 

The  Committee  leam  from  Mr.  J.  Lloyd  Williams,  to  whose  agsistanco 
they  have  again  demoted  the  whole  of  the  grant  of  20/.  placed  at  their 
disposal,  that  during  the  past  year  he  has  investigated  the  following 
subjects : — 

1.  The  germination  of  the  sioospores  has  been  Etudied  in  Laminaria, 
Alaria,  and  Chorda.  Some  interesting  additions  have  been  made  to 
our  knowledge  of  reproduction  in  the  Laminariacete,  and  particularly  of 
the  cytology  of  the  procesa.  Incidentally  the  medullary  tissues  of  the 
above  and  of  other  genera  of  the  family  have  been  studied. 

2.  The  life -history  and  cytology  of  Dictyota  have  been  further  studied. 
Additional  notes  will  be  presented  to  the  meeting  of  the  Association,  and 
the  full  results  will  be  published  during  the  winter,  Taonia,  Padina, 
and  Halieeria  are  being  studied  for  comparison. 

3.  The  study  of  the  life-history  and  cytology  of  Hdlidryt  bos  been 
completed,  and  the  results  are  awaiting  publication.  The  cytology  of 
the  reproductive  process  in  Himanthalia  and  Cygtoseira  is  being  investi- 
gated. 

4.  The  natural  history  of  the  Fucaceffi  has  been  further  s1.udied,  and 
it  is  hoped  to  publish  the  observations  before  the  end  of  the  year. 

5.  The  study  of  the  nuclei  of  the  reproductive  cells  of  the  Ecto- 
carpaceie  has  been  commenced,  with  a  view  of  ascertaining  whether  there 
is  reduction  of  chromosomes  at  any  stage. 

6.  Cultures  of  nearly  all  of  the  above  are  carried  on  in  the  laboratory, 
and  careful  record  kept  of  their  relation  to  light,  heat,  air,  and  pressure. 

Your  Committee  are  of  opinion  that  Mr.  Williams  is  doing  excellent 
work,  and  that  the  grant  has  been  wisely  used. 

Mr.  Williams  hopes  to  bring  some  of  his  observations  on  the  germi- 
nation of  the  zoospores  of  Lauiiuariaceie  before  the  notice  of  the  Sectiou 
at  Bradford. 


Assimilation  in  Flavis. — Report  of  the  Com/mittee,  consisting  o/Mr.  F, 
Darwin  (Ghairman),  Professor  J.  Reynolds  Geeeh  {Seoretary), 
and  Professor  Marshall  Ward,  appointed  to  conduct  an  Experi- 
mental Investigation  of  Assimilation  in  Plants. 

The  Committee  beg  leave  to  report  that  the  remainder  of   the  grant 
of  2Qi.  made  at  Bristol  jn  1898  baa  now  been  practically  expend^  op 
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apparatus  for  aiding  Mr.  Blackmon  in  the  continuation  of  his  researches 
on  Vegetable  AsBimilation  and  Respiration. 

Enough  progress  has  been  made  in  various  directions  to  allow  of  the 
results  being  brought  forward,  and  the  author  is  engaged  in  preparing 
them  for  publication.  The  first  to  appear  will  be  those  treating  of  (1) 
the  influence  of  the  available  amount  of  plastic  substances  on  respiration  ; 
(2)  the  esact  relation  of  respiration  to  temperature  ;  and  (3)  the  relatioa 
between  water-content  and  assimilation. 


Co)Tes}mnding  Socieiies  Committee. — Report  of  Hie  Committee,  amsistituf 
of  ProfesBor  It.  Meldola  (Chairman).  Mr.  T.  V.  Holmes  (Secre- 
tary), Mr.  Francis  Galton,  Dr.  J.  G.  Garson,  Sir  John  Evans, 
Mr.  J.  HoPKlKSON,  Mr.  W.  Whitaker,  the  late  Mr.  G.  J.  Symons, 
Professor  T.  G.  Bomsey,  Sir  Cuthbert  Peek,  Dr.  Horace  T. 
BnowN,  Re7.  J.  0.  Bevas,  J'rofessor  W.  W.  Watts,  and  Rev. 
T.  R.  R.  Stebbikg. 

This  being  the  laxt  year  of  the  century,  the  Corresponding  Societies 
Committee  of  the  British  Association  think  it  a.  suitable  occasion  for  a 
brief  review  of  the  proceedings  which  have  taken  place  at  the  Conferences 
of  Delegates  of  the  Corresponding  Societies  since  they  were  reconstituted  in 
the  year  1883.  The  Report  of  the  '  Local  Scientific  Societies  Committee,' 
stating  that  '  the  delegates  of  the  various  Corresponding  Societies  shall 
constitute  a  Conference,'  itc,  appears  in  the  Report  of  the  British  Asso- 
ciation for  1884  ;  the  first  Conference  of  Delegat«s  officially  recognised  as 
a  department  of  the  Association  was  held  at  Aberdeen  in  1885,  and  a 
report  of  its  proceedings  is  given  in  the  Birmingham  volume  (1886).' 
Thence  to,  and  including,  the  year  1893  the  Reports  of  the  Conferences 
are  one  year  behind.  Thus  the  discussions  at  the  Edinburgh  meeting  in 
1892  are  given  in  the  N'ottingham  volume  of  1893.  But  in  the  Ox^>rd 
volume  (lt)94)  appear  Reports  of  the  Conferences  held  both  at  Kottingham 
and  at  Oxford  ;  and  since  1894  the  Reports  of  the  Couferences  of  I>ele- 
gates  may  be  found  in  tiie  Report  of  the  British  Association  for  the  year 
in  which  they  occurred.  The  chief  subjects  considered  at  the  Conferences 
are  here  given,  ordinary  sectional  discussions  being  noticed  when  they 
were  the  only  discussions  of  the  Conference, 


Year  and  Place         Delegates  '  Chiel  snbjectH  discnswd 

nominated  I 

j  1985.  Aberdeen    .  t        31  Methods  ol  procedure,  and  on  the  natare  of  the 

!  work  wbiohadmittedof  being tafcen  npb; local 

societies  I 

j  I88C.  BirmiDgham  33  On  the  objects  of  the  Conference,  and  the  wnjs  I 

in  which  the  local  societies  could  moat  useful];  \ 

\  ]  co-operate  with  British  Association  Committees  I 
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Cliief  gnbjecti  discnsBed 

On  the  recoromendationa  received  from  the  Taiious 
Sectlona.  It  vas  annaurced  that  a  BeiolD- 
tion  paioed  in  1887  bj  SeetiooB  B  and  C— 
'  That  the  GonferencB  of  Dele^ratea  ot  Corre- 
Bponding  Societies  be  empowered  to  send 
recommendatioDa  to  the  Committee  of  Re- 
commendations for  their  consideration  BDd  for 
report  to  the  General  Committee '—bad  been 
accepted  hy  the  Qeneml  Committee,  and  had 
become  a  rule  of  the  Brilish  AESociation 

The  Ancient  MotiutDenla  Act 

On  the  placing  ot  Delefratea  on  Sectional  Com- 
mittees. The  following  ResolnlionwaspasHed:^ 
'  That  the  rclaiions  of  de1c<mtes  to  the  Sec- 
tional Committees  as  at  present  existing  are  nn- 
saiiflfactory,  and  that  the  waiter  he  refetre'l  to 
the  Corresponding  Societies  Committee  for  their 
consideration.' 

The  Committee  reported  that  'after  giving  the 
natter  careful  consideration  they  have  come 
to  the  conclusion  that  they  possess  no  power 
under  ths  present  rules  of  the  Association 
of  attaching  delegates  to  the  Sectional  Com- 

On  the  desirability  of  bringing  the  smaller 
uon -publishing  local  societies  into  relationship 
with  lbs  British  Association.  The  Corre- 
Bponding  Societies  Committee  authorised  ill 
Secretary  'to  supply  any  local  society  which 
may  apply  for  ihem  with  copies  of  the  reports 
o(  the  Conferences,  the  li.'its  of  Comnrittees, 
and  other  inforroation  likely  to  be  of  oae  in 
fartheriog  local  scientific  iovestigslion ' 

TariouBsabjectaconiieatedwitb Sections  A,  B,  C, 
D,  E,  O,  and  H 

The  destruction  of  native  plants  and  of  the  eggs 
of  wild  birds 

Rnbjects  considered  in  Sections  A,  C,  D,  E,  G,  H 

The  o^anisatlon  ot  local  museums 

Meteorological  observalions  and  records 

District  unions  of  natural  history  societies. 
On  a  federal  staH  for  local  mniieums 

The  federation  ot  local  societies.  The  life- 
histcries  of  animals.  Principal  mnseums  In 
Canada  and  Nenfoundland 

Coast  erosion.  The  desirability  of  nniformity  of 
the   pa^s   of    the   publications    of 


I  Tiie  living  subtcrnmoan  fauna  of  Great  Britain 

I  and   Ireland.     Tbe   objects  ot   the  'Kalional 

I  Trust  foi  Places  of  Historic  Interest  or  Natural 

]  Beauty.'    And  as  to  the  best  means  of  making 

I  the  Conferences  ot  Delegates  more  useful 


As  >tated  in  the  Report  of  the  Dover  Conference,  it  yras  decided  that 
with  regard  to  the  best  ways  o£  making  the  Conferences  more  useful  tbe 
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Delegates  shoald  forward  their  views  on  the  subject  to  the  Correap(nidiDg 
Societies  Committee  for  consideration  at  their  meeting  in  November  ; 
and  as  some  I>elegates  were  not  present  during  the  discussion,  copies  of 
the  following  letter  were  sent  to  every  Delegate  nominated  to  the  DoTer 
Conference : — 


Deaa  Sir, — At  the  seoond  meeting  of  the  Conference  of  Delegates  at 
Dover,  September  19,  a  disouesion  took  place  as  to  the  best  means  of 
improving  the  proceedings  at  these  meetings.  It  was  ultimately  decided 
that  any  recommendations  from  the  Delegates  on  that  matter,  if  sent  in 
not  later  than  November  7,  would  be  considered  by  the  Corresponding 
Societies  Committee  at  their  meeting  later  in  that  month. 
I  am,  dear  Sir, 

Youre  truly, 

T.  V.  Holmes, 
Sec.  Cor.  Soc.  Com.  Brit.  Assoc. 

When  the  Corresponding  Societies  Committee  met  on  November  2-1, 
1899,  twelve  replies  to  the  above  letter  had  been  received  from  tbe 
representatives  of  fourteen  societies ;  and  in  March  1900  some  addi- 
tional recommendations  were  received  from  the  Yorkshire  Naturalists 
Union. 

Tbe  various  suggestions  mostly  deal  either  with  proposed  alterations 
in  the  times  of  ineeting,  with  the  desirability  of  a  room  in  which  Delegates 
might  hold  informal  discussions  between  the  meetings  of  the  Conference, 
or  with  improvements  in  the  proceedings  at  the  Conference. 

As  regards  the  days  and  hours  on  which  the  Conferences  have  hitherto 
been  held,  the  Committee  found  it  so  difficult  to  suggest  any  others  which 
might  not  prove  to  be  accompanied  by  still  greater  disadvantages  that 
they  have  refrained  from  proposing  any  alteration  in  them. 

The  Committee  considered  it  not  desirable  to  propose  to  alter  the  rul« 
of  the  British  Association  that  only  members,  not  associates,  can  become 
Delegates. 

The  Committee  agreed  that  it  is  desirable  when  possible  that  a  room 
shall  be  provided  at  the  Bradford  and  other  future  meetings  of  the 
Association,  in  which  Delegates  may  meet,  become  acquainted  with  each 
other,  and  hold  informal  discussions  between  the  meetings  of  the  Con- 
ference. 

As  regards  a  suggestion  that  an  agenda  paper  should  he  sent  to  the 
Corresponding  Societies  some  time  before  the  British  Association  meeting 
in  order  that  Delegates  might  come  better  prepared  to  the  Conference, 
it  was  decided  that  although  the  circular  issued  in  July  is  inter  alia  an 
agenda  paper,  it  would  be  well  to  add  a  clause  to  it  asking  that  the 
Secretary  of  each  Corresponding  Society  receiving  it  should  bring  tbe 
subjects  for  discussion  at  the  Conference  before  the  notice  of  the  Delegate 
of  the  Society. 

It  was  also  decided  by  the  Committee  that  the  circular  drawn  up 
some  years  ago  by  Dr.  Garson  stating  the  rules  respecting  the  Corre- 
sponding Societies  and  the  advantages  granted  to  them  should  be  reprinted 
and  sent  to  the  Corresponding  Societies  in  March ;  and  that  at  tbp 
§aQie  tiine  a  notice  should  h^  ^n^  iQvjting  the  Sqcjeties  ^  cona^^er  ^\i%i 
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subjects  they  *iali  to  have  diacnsaed  at  the  next  Conference  of  Delegates, 
and  tixing  a  date  by  which  suggestiona  mnat  be  seat. 

The  following  Societies  have  been  added  to  the  liat  of  Coiresponding 
Societies  : — 

1.  The  Birmingham  and  Midland  Institute  Scientiflc  Society. 

2.  The  Eastbourne  Natural  History  Society. 

3.  The  Natural  History  Society  of  Northumberland,  DurbHttl,  and 
N  e  wcastle-  on  -  Ty  ne, 

4.  The  Hull  Scientific  Society  and  Field  Natnralisbs'  Club. 


Report  of  the  Proceedings  of  ike  Conference  of  Delegates  of 
Gorrei^onding  Societies  held  at  Bradford. 

The  Council  nominated  Professor  E.  B.  Poulton,  ChairmaD,  Mr.  W. 
Whitafcer,  Vice- Chairman,  and  Mr.  T.  V.  Holmes,  Secretary,  to  the 
Bradford  Coaference.  These  nominations  were  confirmed  by  the  General 
Committee  at  a  meeting  held  at  Bradford  on  Wednesday,  September  5. 
The  meetings  of  the  Conference  were  held  in  a  room  in  the  Grammar 
School,  adjoining  the  Reception  Room,  oa  Thursday,  September  6,  and 
Tuesday,  September  11,  at  3  p.m.  The  following  Corresponding  Societies 
nominated  as  delegates  to  represent  them  at  the  Bradfoiil  meeting — 

BelFast  Naturalists'  Field  Clnb .        .        .  William  Qray,  M.B.I.A. 

Belfast  Natural  History  and  Philosophical  John  Blown. 

Society 

BerslcltBhire  Naturalists'  Oub .  .  G.  P.  Hagbes. 

BirmiDgham  and  Midland  Institute  Scien-  W.  Baylt^  Harsball,  U.Inst.C.E. 

tific  bociety 

Birmingham  Natural  History  and  Fhilo-  Cbas.  Pumphrey. 

sopbical  Society 

Bachan  Field  Clnb John  Gray,  B.Sc. 

Cardiff  Nataralisu'  Society        .        .         .  Walter  Cook. 

Croydon      HicroscopicaL      and     Natural  W.  Whitaker,  F.R.S. 

Histoty  Cluh 

Dorset  Natural  History  and  Antiqoarlaa  Vanghan  Cornish,  M.Sc.,  F.RG.?. 

Field  Club 

Esiei  Field  Club Professor  E.  B.  Pooltou,  F.R.S. 

Glasgow  Geological  Society       .        ,        .J.  Barclay  Mordcch. 

Glasgow  Natural  Hlstoiy  Society      .        .  J.  F.  QemmiU,  M.D. 

Glasgow  Philosophical  Society .        .        .  Piof.  A.  Bair,  D.Sc. 

Hertfordshire  Natnral  Hlatory  Society      .  J.  Hopfcinson,  F.L.S. 

Hall  Geological  Society     .        .        .        .  J.  W.  Slather,  F.0.8. 

Hull   Scientifio  and   Field    Naturalists'  T.  ShepKurd,  F.Q.S. 

Clnb 
loBtltntion  of  Uiulug  EngiDeert 
Isle  ot  Ubd  Natoial  History  and  Anti- 

qoariaD  Sodety 

Leeds  Geological  Association    •       .        .  D.  Forsyth,  H.A..  D.Sc. 

LiTerpool  Geographical  Sodely         .         .  Staff-Corn.  Dubois  Phillip?,  R.ff. 

Halton  Field  Natnialists'  and  Scleatifio  M.  B.  Slater,  F.L.8. 

Society 

Manchester  Geographical  Society      .         ,  Eli  Sowerbntta,  F.H.Q.S. 

Manchester  Geological  Bociety  .         .        ,  Wm.  Watts,  F,Q  8. 

Maoehester  Microscopical  Bociety     .         .  F.  W.  Hembry,  F.R.M.8. 

Midland  Institoro  of  Mining,  Civil,  and  John  Qsrraid 

Mechanical  Engineen 
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Norfolk  ana  Noriviah  Naturalists'  Societr  Clement  Reid,  F.R.S. 

Nortli  of  K-oglana  Institute  of  Miabg  and  M.  Walton  Brown. 

Mechanical  Kngineera 

KoitbuQiberland,  Durham,  and  Newcastle-  PtofeBBOr  U.  C.  FotCor,  F.L.S. 

npon-Tjne  NHtural  Hiatorj  Society 

Nottingham  Na'uralists'  Mociety       ,        .  Protessor  J.  W.  Carr,  I'.L.S. 

North  ataftordshirc  Field  Club .         .        .  B,  Hombj,  M.A.,  F.C.8. 

Perthshire  Society  of  Nalural  Science       .  A.  M.  Itodg^. 

Rochdale  Liteiary  and  Scieutific  Society  .  J,  R.  Ashworth,  B.Sc. 
Rochester  Naturalists'  Club       .         .        .Dr.  Q.  Abbott. 

Scotland,  Mining  Institute  of    .        .        .  James  BarrowmaD. 

South-Eaatfm  Union  of  Scientiflc  5i>cietieB  Kev.  T.  K.  R.  Stebbing,  F.R  S. 

^Voolhope  Ntttumliats'  Field  Clab      .         .  Rev.  J.  0.  Bevan,  U.A. 

Yorkshire    Geological    and    Polytechnic  Wm.  Gregson,  F.Q.S. 

Society 

Totkshltc  Kataralists'  Union    .        .        ,  Harold  Wager,  F.L.S. 

First  Conference,  Bradford,  Sejiteinber  6,  1900. 

Tlie  Corresponding  Societies  Committee  ivere  represented  by  Prof. 
E.  B.  Poulton  (Chairman),  Rev.  J.  0.  Bevau,  Dr.  Garaon,  Ur.  J.  Hopkin- 
son,  and  Mr,  T.  V.  Holmes  (Secretary). 

The  Roport  of  the  Corresponding  Societies  Committee,  a  copy  of  which 
wa.^  in  the  hands  of  every  Delegate  present,  was  taken  as  read. 

The  Chairman  remarked  that  all  present  must  have  received  the 
agenda  paper,  and  have  noted  that  the  subject  for  disouBaJon  that  day 
consisted  of  two  resolutions  which  had  been  brought  forward  by  the 
Yorkshire  Naturalists'  Union.  In  the  Report  then  circulated  there  were 
comments  bearing  on  the  Bubjecta  of  these  resolutions  which  the 
Committee  wished  should  be  discussed  thoroughly  on  that  occasion. 

The  resolutions  were  : — 

1.  That  the  Conference  of  Delegates  be  allowed  to  meet  on  the  first 
day  of  the  British  As,sociation  Meeting,  and  make  their  own  arrangements 
for  subsequent  meetings  and  order  of  business. 

2.  That  it  is  desirable,  in  order  to  mo^e  the  discussions  of  the 
Conference  of  Delegates  more  useful  to  the  local  Societies,  that  they 
should  have  the  power  of  deciding  the  subjects  for  discussion  at  the 
meetings  of  tho  Conference,  and  it  is  suggested,  therefore,  that  a  circular 
hs  sent  by  the  Committee  every  year  to  each  of  the  Corresponding 
Societies,  asking  them  to  send  a  list  of  subjects  for  discussion  (not  more 
than  two  or  three)  at  the  forthcoming  meetings.  The  Committee  then 
to  aend  to  the  Corresponding  Societies  a  schedule  containing  the  titles  of 
all  the  subjects  proposed  for  discussion,  asking  each  Society  to  mark  such 
of  these  subjects  as  it  deems  most  desirable  to  discuss  at  the  Conference 
meetings.  On  receipt  of  this  information  the  Committee  will  then 
arrange  the  list  of  subjects  in  order  of  precedence  as  indicated  by  the 
support  given  to  each  subject  by  the  Societies  ;  and  a  copy  of  this  shoold 
be  sent  to  the  Delegates  or  Societies  as  an  agenda  paper  before  the  first 
meeting  of  the  Delegates. 

Mr,  Harold  "Wager,  representing  the  Yorkshire  Naturalist?*  UnionJ 
which  comprises  a  large  number  of  local  Societies,  said  that  the-tJoioa 
had  called  together  a  committee  consisting  of  a  number  of  their  raoifT 
prominent  members,  and  they  had  formulated  the  two  reaphitionB  copicl 
of  which  had  been  distribiited.  It  was  considered  most  -importiait  thet 
the  representatives  of  the  local  Societies  should,  if  possible,  '^emselvdj 
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suggest  the  subjects  for  discussion.  Much  good  work  had  been  dons  at 
these  Conferences,  lint  those  whom  he  represented  thought  that  if  direct 
suggestions  from  the  local  Societies  were  invited,  the  wants  of  the  Societies 
would  be  more  advantageously  considered  than  they  had  been  in  the  past, 
and  that  they  would  come  into  closer  touch  with  each  other. 

Staff- Commander  Dubois  Phillips,  R.N.,  thought  that  the  resolutions 
somewhat  contradicted  each  other.  According  to  the  first  rcsoluiion,  the 
Delegates  were  to  meet  on  the  first  day  of  the  meeting  of  the  British 
Association,  and  make  their  own  arrangements  for  subsequent  meetings ; 
and  the  second  resolution  laid  down  hard  and  fast  lines  with  regard  to 
the  subjects  for  discussion  and  their  order.  The  opinion  of  the  Council 
of  the  Society  he  represented  was  that  Delegates  should  not  come  there  to 
discuss  subjects  such  aa  could  be  discussed  in  the  various  Sections,  but 
that  the  Conferences  ohould  rather  be  business  meetings  to  consider 
questions  such  as  that  of  copyright.  It  would  be  a  very  good  thing  to 
ascertain  the  views  of  the  various  Societies  as  to  the  best  subjects  for 
discussion.  Ha  thought  that  if  the  first  Conference  took  place  on  the 
first  day  of  the  British  Association  meeting  very  few  Delegates  would  bo 
present  at  it 

Mr.  J.  Hopkinson  said  that  many  of  the  proposals  contained  in  the 
resolutions  had  already  been  carried  out  Last  March  a  circular  was  sent 
to  each  Corresponding  Society  asking  it  to  send  to  the  Corresponding 
Societies  Committee  a  list  of  subjecta  for  discussion  at  the  Bradford  Con- 
ference. Why,  therefore,  should  there  be  a  resolution  stating  that  this 
should  be  done  !  Only  one  Society  had  responded  to  this  invitation  by 
suggesting  a  subject  for  discussion.  And  Mr.  T.  V.  Holmes  added  that 
the  one  subject  eent  in  (Dew-ponds)  would  be  discussed  at  the  second 
Conference. 

l^Ir.  Hopkinson  remarked  that  the  first  day  of  the  British  Associa- 
tion meeting  would  be  an  exceedingly  awkward  time  for  the  first 
Conference  on  account  of  the  meeting  of  the  General  Committee,  and  of 
the  delivery  of  the  President's  Address  on  that  day.  And  not  only  was 
that  day  impracticable  for  the  first  Conference,  but  it  would  also  be  impos- 
sible to  arrange  then  what  should  be  done  subsequently.  Arrangements  of 
this  kind  must  be  made  months  beforehand.  In  his  opinion  the  first  resotu- 
sion  was  impracticable,  while,  as  regards  the  second,  the  most  important 
parts  of  it  had  already  been  carried  out  by  the  Corresponding  Societies 
Committee. 

Dr.  Garson  said  that  practically  Thursday  was  the  first  day  of  the 
British  Association  meeting,  and  that  very  few  Delegates  were  ever  likely 
to  be  present  at  a  meeting  on  Wednesday.  The  Corresponding  Societies 
Committee  were  always  glad  to  get  assistance  from  the  Delegates  in  the 
choice  of  subjects  for  discussion,  and  the  complaint  of  the  Committee 
had  long  been  that  the  local  Societies  did  not  take  a  sufficiently  a<^tive  part 
in  such  matters, 

Mr,  G.  P.  Hughes  could  not  agree  with  the  first  resolution,  aa  members 
often  arrived  late  on  Wednesday.  He  thought  some  of  the  stipulations 
in  the  second  resolution  should  be  adopted. 

Mr.  William  Gray  said  that  the  main  object  of  these  Conferences  was 
to  encourage  local  Societies  so  as  to  make  their  local  arrangements  to 
promote  the  chief  object  of  the  British  Association,  the  advancement  of 
science.  The  British  Association  should  point  out  what  matters  they 
wished  the  local  Societies  to  inrcstigate.     At  the  first  meeting  of  the 
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Conference  the  British  Association  Committee  should  receive  a  report 
from  each  of  the  Societies,  and  at  the  next  meeting  the  Delegates  shoald 
hsrve  nn  opportunity  of  making  suggestions.  At  the  opening  Conference 
the  British  Association  Committee  should  learn  how  far  the  local 
organisations  were  competent  to  conduct  the  investigations  put  before 
them  by  the  Association.  At  the  second  the  Delegates  shonld  consnlt 
among  themselves  as  to  the  best  way  in  which  any  deficiencies  pointed 
out  at  the  first  meeting  might  be  remedied. 

Mr.  Eli  Sowerbutts  remarked  that  the  Delegates  had  not  hitherto  had 
safBcient  opportunities  of  becoining  acquainted  with  each  other.  He  had 
been  a  Det^ate  about  fifteen  years,  and  knew,  perhaps,  four  of  the  other 
Delegates.  It  was  seldom  that  the  same  Delegate  came  year  after  year. 
He  thought  the  simplest  thing  would  bo  to  pass  the  first  resolution  and  to 
omit  the  second,  though  somewhat  doubtful  whether  the  result  of  passing 
the  first  resolution  would  be  of  any  importance.  But  he  wished  a  room 
to  be  recognised  during  the  meetings  of  the  Association  as  one  in  which 
the  Delegates  might  meet  informally,  sit,  chat,  or  write  their  letters 
l>et«eeii  the  formal  Conferences.  The  Societies  they  represented  might 
then  combine  for  mutual  assistance,  and  they,  the  Delegates,  might  also 
more  efficiently  aid  the  work  of  the  Association. 

Mr.  T.  Y.  Holmes  wished  to  call  attention  to  the  paragraph  at  the 
bottom  of  the  third  page  of  the  Report  in  their  hands  :  'The  Committee 
agree  that  it  is  desirable,  when  possible,  that  a  room  shall  be  provideJ 
at  the  Bradford  and  other  future  meetings  of  the  Association  in  which 
Delegates  may  meet,  become  acquainted  with  each  other,  and  hold 
informal  discussions  between  the  meetings  of  the  Conference.'  He  had 
to  add  that  the  room  in  which  they  were  then  assembled  was  that  in 
which  the  Delegates  might  meet  at  any  time. 

Mr.  Wager  propose!  a  vote  of  thanks  to  the  local  Committee  for 
providing  the  room.  The  motion  was  seconded  by  Staff- Commaoder 
Phillips  and  carried  unanimously. 

Mr.  W.  Baytey  Marshall  formally  moved  that  the  meetings  of  the 
Conference  be  held  as  heretofore  on  Thursday  and  Tuesday.  There 
would  then  be  fixed  days  of  meeting,  and  the  Delegates  could  arrange  to 
attend  accordingly. 

Mr.  Hemhry  seconded  the  motion.  He  thought  it  might  be  posdble 
for  the  Corresponding  Societies  Committee  to  arrange  with  other  Com- 
mittees that  no  important  business  should  be  transacted  elsewhere  during 
the  meetings  of  the  Conference. 

The  Chairman  remarked  that  they  would  do  their  best. 

Mr.  Hembry  added  that  Delegates  did  not  always  receive  comtoanica- 
tions  intended  for  them  which  were  sent  to  the  Secretaries  of  local 
Societies.  He  thought  it  would  be  a  good  plan  to  send  to  the  Delegate  c^ 
this  year  notices  referring  to  next  year,  because  in  nil  probability  the 
Delegate  of  this  year  would  be  selected  next  year.  If  not,  be  could  baud 
on  to  bia  successor  the  papers  he  had  received.  He  considered  that  an 
addition  might  be  made  to  the  second  resolution  to  the  effect  that  a 
circular  be  sent  every  year  to  each  of  the  Corresponding  Societies  and  to 
the  Delegate  of  the  present  year, 

A  Delegate  who  had  been  instructed  bv  his  Society  to  support  the 
resolutions  of  the  Yorkshire  Naturalists'  Union,  supposed  that  the  mover 
of  the  resolutions  did  not  mind  whether  their  first  meeting  was  on 
Wednesday  or  Thursday.    An  amendment  which  he  desired  to  move  was 
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that  the  first  meeting  should  be  on  Thursday,  and  that  the  Conference  of 
Delegates  should  then  decide  themselves  tiie  dates  of  the  subsequent 


Prrfesaor  Henry  Louis  seconded  the  amendment. 

Mr.  Taughan  Cornish  thonght  that  busineas  discnssiona  rather  than 
scientific  piapers  were  required.  Not  two,  but  three,  bodies  were  trying 
to  do  business  together — the  Corresponding  Societies  Committee,  the 
Corresponding  Societies,  and  the  Del^ates.  His  opinion  was  that  it 
would  be  well  for  the  Committee  to  recognise  the  Delf^tes  rather  than 
the  Societies. 

Dr.  Abbott  said  that  it  occurred  to  him  that  the  Del^ates  might  meet 
on  Thursday  morning  at  a  breakfast.  There  was  little  probability  that 
any  other  social  function  could  be  arranged.  The  Committee  should 
encourage  the  formation  of  Unions  of  Local  Societies. 

Mr.  Barrowman  favoured  the  proposition  that  the  Conference  at  its 
first  meeting  should  arrange  the  following  meetings. 

The  Chairman  remarked  that  it  was  evident  that  the  Conference  did 
not  wish  to  listen  to  papers  such  as  might  be  brought  before  the  Sections 
of  the  Association.  They  desired  rather  to  discuss  the  methods  of  pro- 
cedure which  would  make  local  Societies  successful.  The  Committee  were 
in  general  agreement  with  the  spirit  of  the  two  resolutions.  He  gathered 
from  certain  remarks  which'had  been  mode  that  the  local  Societies  were 
often  to  blame  for  not  giving  Delegates  copies  of  circulars  sent  by  the 
CSommittee  to  the  Secretaries  of  the  Societies  long  before  the  British 
Association  meetings  took  place.  The  present  days  for  the  Conference 
seemed  to  be  the  best  that  could  be  chosen,  and  they  had  the  advantage 
of  being  known  beforehand.  The  debate  had  been  most  useful  in  showing 
the  nature  of  the  questions  which  the  Delegates  desired  to  discuss  at  these 
Conferences. 

Mr.  W,  Oiay  said  that  the  local  Societies  did  not  do  their  duties 
adequately  becaose  those  duties  were  not  clearly  defined  by  the  British 
Association  Committee.  He  thought  that  the  Committee  should  ascertain 
at*  the  first  Conference  each  year  how  far  each  Society  had  acted  in 
aocordanoe  with  the  requirements  of  the  Committee.  The  proceedings  at 
the  second  Conference  might  be  settled  by  the  Del^ates  themselves. 

The  Chairman  remarked  that  the  new  questions  which  had  been  raised 
should  have  been  sent  in  months  ago  when  the  resolutions  of  the  Yorkshire 
Naturalists'  Union  were  received  by  the  Committee.  A  di!-.i.'usstou  on 
them  might  be  initiated  under  a  heading  such  as  '  What  are  the  aims  and 
sc<^  of  a  local  Society  1 ' 

Mr.  W.  Gray  thought  that  the  grant  of  a  room  in  which  Delegates 
might  meet  at  any  time  was  an  immense  advantage,  which  might  remove 
altogether  the  necessity  for  a  second  meeting. 

Mr.  T.  y .  Holmes  (Secretary)  stated  that  in  consequence  of  the  discussion 
at  Dover  as  to  the  best  ways  of  improving  the  proceedings  at  the  Con- 
ferences of  Delegates,  he  wrote  to  the  thirty-seven  Delegates  inviting 
suggestions  which  could  be  placed  before  the  Committee  a  month  later, 
but  received  answers  only  from  twelve. 

The  Chairman  said  that,  as  he  believed,  the  British  Association  did 
not  intend  that  local  Societies  should  work  on  any  special  or  peculiar 
Unea  in  relation  to  itself.  The  Association  wished  that  local  Societies 
should  do  local  work,  and  endeavoured  to  assist  them  by  means  of  these 
Conferences,  by  the  exchange  of  its  Report  for  their  Proceedings,  and 
1900.  P  P 
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by  pablishing  in  its  Report  the  titles  of  papers  read  b^ore  and  pabtished 
b;  the  Societies. 

Mr.  H.  Wftger,  after  briefl;  reviewing  the  discussiun,  remarked  tbut 
though  the  resolutions  had  secured  a  considerable  amount  of  geaenl 
acceptance,  he  did  not  think  it  desirable  to  put  them  formally  to  the 
meeting. 

The  Chairman  agreed  to  this  course,  which  he  considered  to  be  the 
best  under  the  circumstances.  He  thought  that  the  discusaion  wonld  prove 
to  be  very  useful, 

Mr.  W.  Gray  proposed,  and  Staff- Commander  Phillips  seconded,  a  vote 
of  thanks  to  the  Corresponding  Societies  Committee  for  providing  the 
room  in  which  they  were  assembled  for  informal  intercourse  between  the 
Delegates.  It  was  carried  unanimously.  The  motion  proposed  by  Hr. 
Bayley  blarshall,  and  seconded  by  Mr.  Hembry,  '  Tfaat  the  meetings  of 
the  Conference  be  held  as  heretofore  on  Thursday  and  Tuesday,'  was  also 
earned. 

Cojtyriffkt. 

Mr.  Walton  Brown  brought  forward  the  question  of  copyright.  Lord 
Monkswell  had  introduced  into  Parliament  a  Bill  deling  with  the 
subject,  and,  so  far  as  scientific  Societies  were  concerned,  the  Bill  ignored 
some  important  points.  In  the  first  place  there  was  no  provision  that 
a  Society  should  have  any  copyright  in  the  publication  of  its  own  Trans- 
actions, though  he  believed  Societies  might  obtain  copyright  if  they  paid 
their  contributors.  He  had  offered  to  give  evidence  i>efore  the  Com' 
mittee  considering  this  Bill,  but  the  Committee  replied  that  they  accepted 
his  evidence,  and  did  not  think  it  necessary  to  examine  him.  Then  the 
Bill  proposed  to  make  the  insertion  of  abstracts  of  foreign  scientific 
papers  a  breach  of  copyright ;  an  innovation  that  would  weigh  heavily  on 
several  scientific  Societies  which  made  a  special  point  of  publishing 
abstracts. 

Mr.  Sowerbutts  thought  that  this  was  one  of  the  most  important 
matters  that  had  ever  been  discussed  at  a  Conference.  Copyright  ques- 
tions were  extremely  involved,  and  difGcult  to  understand  ;  but  there 
could  be  no  doubt  of  the  injustice  of  the  present  state  of  things,  and  that 
it  would  be  confirmed  by  the  Bill  then  before  Parliament.  The  expense 
of  printing  papers  was  by  no  means  a  slight  one. 

Professor  Henry  Louis  pointed  out  that  the  British  Association  dis- 
claimed copyright  for  itself.  It  was,  however,  a  matter  of  vital  import- 
ance to  each  Society  represented  at  that  Conference. 

After  some  remarks  from  the  Rev.  J.  0.  Bevan  and  the  Chairman, 
the  following  resolution,  moved  by  Mr.  M.  Walton  Brown  and  seconded 
by  Mr.  Sowerbutts,  was  carried  unanimously  : — 

'  That  the  matter  of  the  proposed  Copyright  Bill  be  referred,  tbrongh 
the  Committee  of  Secommendations,  to  the  Gleneral  Committee,  so  far  as 
it  affects  (1)  the  copyright  of  scientific  Societies  in  their  Transactions  ; 
and  {2)  the  publication  of  abstracts  of  scientific  papers;  and  that  they 
be  requested  to  take  such  action  as  will  protect  scientific  Societies.'  ' 

The  Conference  then  adjourned. 
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Second  Meeting  of  the  Conference,  September  11. 

The  Corresponding  Societies  Committee  were  represented  by  Mr.  W, 
Whitaker  (Vice-Chairman),  Rev.  J.  0.  Bevaa,  Dr  Horace  T,  Brown,  Dr. 
Qaraon,  Mr.  J.  Hopkinson,  and  Mr.  T.  V.  Holmes  (Secretary). 

The  Chairman  briefly  introduced  Professor  L.  C.  Miall,  who  read  the 
following  Address : — 

Dew^ptmda.  By  Profeesor  L.  C.  Miall,  F.S,.S. 
I  lately  undertook  a  new  edition  {the  83rd  or  84th)  of  White's  '  Katural 
History  of  aelborne,'  and  found  it  necessary  to  consider  the  account  of 
the  Hampshire  dew-ponds  which  is  to  be  found  in  Letter  XXIX.  to 
Barrington.  '  We  have,'  he  says,  '  many  such  little  round  ponds  in  this 
district,  and  one  in  particular  on  our  sheep-down,  three  hundred  feet 
above  my  house,  whidi,  thoagh  never  above  Uiree  feet  deep  in  the  middle, 
and  not  more  than  thirty  feet  in  diameter,  and  containing  perhaps  not 
more  than  two  or  three  hundred  hogsheads  of  water,  yet  is  never  known 
to  fail,  though  it  affords  drink  for  three  hundred  or  four  hundred  sheep, 
and  for  at  least  twenty  head  of  large  cattle  beside.'  This  account,  of 
which  I  quote  one  sentence  only,  led  me  to  inquire  a  little  into  this 
curious  subject  by  correspondence,  by  reference  to  the  rather  scanty 
literature  which  already  exists,  and  by  personal  visits.  My  inquiries 
are,  I  must  admit,  very  imperfect,  but  '^ey  may  be  the  means  of  inducing 
people  whose  opportunities  are  better  than  mine  to  collect  fuller  informa- 

White's  account  of  the  dew-ponds  of  Hampshire  is  largely  confirmed 
by  more  recent  observation.  A  good  description  of  such  ponds  is  to  be 
found  in  a  prize  essay  on  '  Water  Supply,'  by  the  R«v,  J,  C.  Clutterbuck. 
He  says  that  the  tops  of  chalk  hills,  where  no  surface-water  or  springs 
can  furnish  a  supply,  are  often  chosen  as  the  sites  of  dew-ponds. 
They  '  are  constructed  by  persons  of  eiperience  and  skill.  At  the  spot 
selected  an  excavation  is  made  in  the  surface  of  the  chalk,  either  round  or 
rectangular,  from  thirty  to  forty  feet  or  more  in  diameter,  from  four  to  six 
feet  deep.  The  bottom,  of  a  basin  shape,  is  covered  in  portions  with  clay 
carefully  tempered,'  mixed  with  a  considerable  quantity  of  lime  to  prevent 
the  working  of  the  earthworms.'  As  the  portions  are  finished  they  are 
protected  from  the  action  of  the  sun  and  atmosphere  by  a  covering  of 
straw.  When  the  whole  bottom  of  the  pond  is  so  covered  with  an  efficient 
and  impermeable  coating  or  peddle  a  layer  of  broken  chalk  is  placed  upon 
it  to  prevent  its  injury  by  cattle  or  other  means.  Their  cost  varies  from 
3(M.  to  50/.  When  all  is  finished  water  is  introduced  by  artificial  means. 
If  there  is  a  fall  of  snow  this  ia  collected  and  piled  up  in  the  pond  as  the 
readiest  and  least  expensive  method  of  accomplishing  the  object.  .  .  .  Fonds 
so  constructed  and  filled  have  been  known  for  periods  of  twenty  or  thirty 
years  never  to  become  dry.    The  summer  of  1861  was  a  notable  exception.' 

Dew-ponds  are  often  dug  on  the  very  ridge  of  a  down,  or  else  by 
choice  on  the  nori^hern  slope,  which  is  the  inland  slope  in  most  of  the 

'  Chalk-puddle  is  oooasionallr  used  ioeteacl,  bnC  is  believed  to  bs  less  efficient 
and  less  durable. 

-  1^  may  be  doubted  whether  the  purpote  of  the  lime  is  to  prevent  the  workioK 
of  earthworms,  which  cannot  live  beneath  a  pond.  It  Is  an  old  practice  to  sprpnd 
mtt  ola;  with  lime  in  the  belief  that  it  prevents  Blipping. 
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south-eaat«m  couatiee.  It  is  generally  held  that  mcnst  winds  throw  down 
their  water  most  abundantly  jnst  beyond  the  summit  of  the  first  range  of 
hilla  which  the;  meet.  In  the  case  of  the  downs  of  Hampshire  and 
Snaaex  the  inland  slope  has  the  further  advantage  of  being  sheltered  from 
the  sun  and  all  the  warmer  winds,  so  that  it  is  the  fitter  for  the  con- 
densation of  water-vapour. 

Mr.  Clutterbuck  believes  that  dew-ponds  are  '  not  easily  accounted  for 
by  recc^^nised  physical  causes.'  It  is  plain  that  the  water  which  collects 
on  the  summit  of  a  chalk-down  is  not  drawn  from  springs,  for  the 
saturation-level  is  hundreds  of  feet  below.  Nor  is  it  due  in  any  important 
measure  to  surface-drainage.  A  small  collecting  area  is  fumi^ed  by  the 
margin  of  the  pond,  but  this  rarely  equals  the  wat«r-surface.  A  dew- 
pond  may  occupy  the  summit  of  the  ridge  so  precisely  that  there  can  be  no 
collecting  ground  worth  speaking  of. 

Hales's  view  (quoted  by  White)  that  more  than  twice  as  much  dew  ia 
deposited  upon  water  as  upon  an  equal  surface  of  moist  earth  cannot  be 
accepted  as  it  stands.  He  does  not  take  into  account  circumstances 
whii^  may  greatly  affect  the  rate  of  cooling,  and  consequently  the  amount 
of  condensation,  such  as  the  depth  of  the  water.  It  may  often  be  observed, 
for  instance,  that  when  a  copious  dew  has  been  deposited  upon  the  seats 
of  an  open  boat  none  is  to  be  seen  on  the  bottom.  Contact  with  a  lai^ 
body  of  insufficiently  cooled  water  (as  of  a  deep  lake)  has  kept  the  bottom 
of  the  boat  at  a  temperature  above  the  dew-point. 

Water  is  so  bad  a  conductor  of  heat  that  some  difficulty  may  be  found 
in  understanding  how  a  pond  can  cool  sufficiently  during  a  summer  night 
bo  act  as  an  efficient  condenser.  But  though  water  conducts  heat  very 
badly,  every  surface  layer,  as  it  cools  by  radiation,  becomes  denser,  and 
sinks.  Continual  replacement  of  the  surface  layer  by  convection-currente 
may  thus  cool  down  the  water  as  effectually  as  if  the  heat  were  freely 
conducted  away.  A  shallow  pond  on  a  hill-top  may  in  the  ooune  of  a 
few  hours  become  cold  enough  to  act  as  an  efficient  condenser. 

Water  vapour,  liquid  water,  and  ice  are  all  good  absorbents  of  dark 
heat-rays  ;  it  may  be  inferred  that  they  are  good  radiators  of  dark  heat- 
rays.  This  perhaps  does  not  admit  of  experimental  proof.  The  radiatdon 
from  water  in  a  pond  is  complicated  by  so  many  circumstances,  such  as 
the  absorption  of  heat  by  the  water  vapour  which  the  pond  gives  oS)  and 
the  sinking  of  the  water  as  it  cools,  that  no  determination  by  direct 
methods  is  possible.' 

There  is  a  good  deal  of  testimony  to  the  eflect  that  a  dew-pond 
prospers  best  with  a  depth  of  about  4  feet.  If  it  is  deeper  it  shrinks  to 
such  depth  as  wUl  cool  down  during  a  short  summer  n^ht,  i.e.  about 
4  feet  ;  if  it  is  much  shallower  it  dries  up  altogether  in  a  dronght.  This 
account,  though  probable  in  itself,  needs  to  be  scrutinised  further.  I 
know  as  yet  of  no  facts  to  the  contrary,  and  several  in  its  favour. 

Dew-ponds  abound  in  Sussex  and  Hampshire,  and  are  not  uncommon 
on  the  chalk  hills  of  Berkshire  and  Wiltshire.  But  on  the  chalk  hills  of 
Hertfordshire.  Bedfordshire,  Lincolnshire,  and  Yorkshire  few  or  none  are 
to  be  fonnd.  This  may  be  connected  with  the  distance  from  the  sea  in  a 
N.E.-S.W.  line.  The  S.W.  winds,  which  bring  the  chief  part  of  our 
atmospheric  moisture,  can  reach  the  Bouth  Downs  almost  direct  from  the 
sea,  while  they  can  only  reach  the  chalk  hills  of  the  Midlands  and  the 
North  of  England  after  traversing  a  great  extent  of  country  and  crossing 
many  ranges  of  hills. 
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The  few  that  have  been  mentioned  to  me  as  occurring  in  the  Midland 
counties  all  turned  out  on  inquiry  to  depend  obviously  on  surface 
drainage,  usually  from  a  hollow  in  a  neighbouring  hard  road.  It  ia  thus 
with  the  *  meres'  of  Derbyshira.  which  appear,  from  such  information  as  I 
have  been  able  to  procure,  to  be  always  fed  from  adjacent  collecting 
grounds.  If  any  one  can  furnish  an  unexceptionable  example  of  a  true  dew- 
pond  on  a  chalk-down,  or  other  hill,  which  is  distant  a  hundred  or  even 
fifty  miles  from  the  south  coast,  the  news  would  be  welcome. 

Those  who  believe  that  dew-ponds  in  all  cases  owe  their  existence  to 
rain&U  alone  (and  among  these  waa  that  eminent  meteorologist,  the  late 
O.  J.  Symons,  F.R.S.)  hold  that,  owing  to  elevation,  the  temperature  of 
the  water  in  such  ponds  is  very  nearly  coincident  with  the  dew-point,  so 
that  evaporation  and  condensation  balance  each  other.  Whether  such  a 
temperature  of  the  water  is  regularly  maintained  day  and  night  through- 
out a  season  of  drought  cannot,  I  believe,  be  established  by  existing 
thermometric  observations.  I  doubt  whether  it  can  be  established  by 
liberal  reasoning.  Before  we  can  accept  the  view  that  dew-ponds  are 
replenished  by  rain  alone,  we  must  refute  or  explain  two  facte,  both  of 
which  are  supported  by  strong  testimony  : 

1.  That  dew-ponds  do  not  dry  up  when  the  low-level  ponds  of  the 
same  district  are  evaporated.  Not  only  do  the  dew-ponds  replace  in  some 
way  the  loss  due  to  evaporation,  but  tjiey  supply  lai^  flocks  of  sheep. 
If  it  is  contended  that  during  summer  droughts  the  hill-tops  are  regularly 
visited  by  local  clouds  which  are  precipitated  as  rain,  the  frequency  and 
substantial  yield  of  such  clouds  need  to  be  better  established  than  at 
present. 

'2.  That  dew-ponds  cannot  in  the  first  instance  be  filled  by  rain  ^see 
Mr.  Clutterbuck's  prize  essay).  This  statement,  if  it  can  stand  inquiry, 
seems  to  be  decisive  against  the  suf&ciency  of  rainfall. 

On  the  other  hand  the  restriction  of  dew-ponds  to  an  area  quickly 
and  directly  reached  by  south-west  winds  blowing  from  the  sea,  supports, 
it  would  seem,  the  view  that  what  we  call  dew-ponds  are  really  rain- 
ponds.  Moisture-laden  winds  favour  cloud-formation  and  rain,  while  we 
have  no  reason  to  suppose  that  they  favour  dew-formation,  but  rather 
the  contrary. 

Mr.  Clement  Beid,  F.R.S. ,  of  the  Geological  Survey,  sums  up  his 
wide  experience  of  dew-ponds  in  these  words  : — 

'  The  conditions  that  are  required  for  a  permanent  dew-pond  do  not 
seem  generally  to  be  understood,  failure  or  success  appearing  to  be  the 
result  of  chance  rather  than  of  any  clear  comprehension  of  the  principle 
on  which  the  dew-pond  acts.  On  comparing,  at  the  end  of  a  long 
drought,  the  dried-np  ponds  with  those  that  still  contain  water,  we  find 
that,  other  things  being  equal,  the  best  dew-pond  has  the  following 
characteristics  : 

'  It  is  sheltered  on  the  south-west  side  by  an  overhanging  tree,  often 
only  a  stunted  ivy-covered  thorn  or  oak,  or  by  a  bush  of  holly.  Or  else 
the  hollow  is  suf^ciently  deep  for  the  south  bank  to  cut  off  much  of  the 
sun.  The  depth  or  shallowness  of  the  water  does  not  appear  to  make  so 
great  a  difference  as  would  be  expected. 

'  The  open  downs,  even  in  the  middle  of  summer,  receive  much  heavier 
dews  than  would  be  expected,  or  than  are  met  with  on  the  lowlands. 
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Thick  sea-miste  often  cling  to  their  tops  for  aeTer&t  hours  after  sunriBe, 
-while  the  plains  below  are  already  dry  and  sunny.  It  is  only  by  noticing 
the  large  amount  of  moisture  intercepted  and  dripping  from  the  over- 
hanging boughs  as  the  sea-mist  drifts  slowly  past  that  one  can  realise 
how  prolific  a  source  this  must  be.  The  amount  condensed  in  this  way 
might  be  tested  by  a  rain-gauge  of  wide  aperture. 

'When  one  of  these  ponds  is  examined  in  the  middle  of  a  hot  summer 
day  it  would  appear  that  the  few  inches  of  water  in  it  could  only  last 
R  week.  But  in  early  morning  or  towards  evening,  or  whenever  a  sea- 
mist  drifts  in,  there  is  a  continuous  drip  from  the  smooth  leaves  of  the 
overhanging  tree.  There  appears  also  to  be  a  considerable  amount  of 
condensation  on  the  surface  of  the  water  itoelf,  though  roads  adjoining 
may  be  qaite  dry  and  dusty.  In  fact,  whenever  dew  is  on  the  grass,  the 
dew-pond  is  receiving  moisture  ;  and  this  moisture,  owing  to  the  shade  of 
the  overhanging  tree,  is  partly  preserved  throughout  the  day ;  so  that 
sheep  or  cattle  may  drink  daily  from  a  small  shallow  pond  which  receives 
no  rain,  and  yet  IJie  pond  be  not  exhausted  unless  the  nights  are  excep- 
tionally dry.' 

We  now  want  observations  by  the  thermometer.  We  should  be  glad 
to  know  the  temperature  of  the  water  of  the  pond  at  various  depths,  as 
taken  hourly  through  a  summer  night ;  the  temperature  of  the  snrfoce 
of  the  ground  (free  from  grass)  a  few  feet  away  from  the  pond  ;  the  tem- 
perature of  the  air  at  various  small  heights  above  the  hill-top,  as  well  as 
in  a  neighbouring  valley  ;  and  also  the  relative  humidity  of  the  air  as 
determined  by  wet  and  dry  bulbs.  If  a  smaU  party  would  make  such 
observations  during  a  few  clear  still  nights  in  hot  summer  weather,  some 
blanks  in  our  knowledge  would  be  filled  up  at  once.  We  should  be  ^ad 
to  know  how  the  level  of  a  dew-pond  varies  during  a  spell  of  snltiy 
weather.  Observations  on  the  clouds  and  mists  of  the  summits  of  Uie 
downs  are  also  much  to  be  desired.  Day  observations  would  have  their 
use  too,  and  should  not  be  omitted. 

Is  it  too  much  to  ask  that  residents  in  the  south-eastern  connties  will 
investigate  these  matters  for  us  T  A  party  of  a  dozisn  meteorologists 
who  would  choose  a  time  of  settled  hot  weather,  and  give  a  week  to  the 
inquiry,  would  throw  much  light  upon  a  question  of  considerable  scientific 
and  practical  importance. 

While  so  many  data  are  wanting,  it  would  be  unwise  to  express  a 
confident  opinion  as  to  the  relative  importance  of  rain  and  dew  in  the 
supply  of  water  to  the  ponds  of  the  chalk  downs.  No  scientific  man  will 
willingly  decide  any  question  on  indirect  evidence  if  direct  evidence  can 
begot. 

In  making  inquiries  about  dew-ponds  I  have  been  helped  by  many 
friends  and  correspondents,  among  others  by  Mr.  W.  Whitaker,  F.R.S., 
Mr.  Clement  Reid,  F.R.S.,  Mr.  John  Hopkinson,  Mr.  T.  W  Shore, 
Mr.  F.  J.  Bennett,  Mr.  John  Brigg,  M.P.,  Professor  G.  8.  Brady,  F  R.S., 
and  the  Rev.  Henry  Green. 
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The  duurman  remarked  that  they  would  all  unit«  in  thanking 
Professor  Uiall  for  bringing  before  them  the  Bubject  of  dew-ponda  in  so 
complete  e,  form.  He  should  like  to  have  a  little  further  information  as 
to  t&6  habit  of  sprinkling  wi^  lime  with  the  object  of  keeping  out  earth- 
worms. He  wished  also  to  know  on  what  grounds  Professor  Miall  said  that 
evaporation  from  the  surface  of  dew-ponds  was  slight.  His  own  impres- 
sion was  that  evaporation  would  be  somewhat  rapid.  Professor  Miall 
had  spoken  of  the  limited  area  within  which  dew-ponds  existed.  It  was 
singular  that  this  limited  area  was  one  of  low  rainfall.  Dew-ponds  were 
nnmerous  in  Berkshire,  whera  they  were  made  in  the  way  described  by 
Professor  Miall.  While  the  Hertfordshire  chalk  was  largely  covered  by 
clay  with  flints,  the  Berkshire  chalk  waa  not. 

Mr.  Clement  Beid  said  that  the  question  of  the  water  supply  in  dew- 
poads  was,  like  many  other  questions  of  water  supply,  much  mixed  ap 
with  carious  ancient  superstitious  observances  analogous  to  the  use  of  tbe 
divining  rod.  He  did  not  think  that  dew-ponds  were  formed  in  anything 
like  the  scientific  manner  pretended  by  their  maken.  He  hod  been 
working  during  the  last  few  years  in  a  country  where  dew-ponds  were 
particularly  aijnndant,  and  there  had  been  several  successive  years  of 
severe  drought.  Nearly  all  the  more  recently  made  dew-ponds  were  dried 
up,  but  a  number  of  the  older  ones  had  not  dried  up.  He  did  not  think 
that  the  older  ponds  were  better  made  than  the  newer  ones,  but  that  a 
process  leading  to  the  survival  of  the  fittest  was  always  going  on.  When 
a  dew-pond  dried  up  a  new  one  became  necessary.  The  farmers  were 
constantly  making  new  ones,  and  sometimes,  by  accident,  they  got  a  satis- 
factory site.  It  was  an  unfortunate  thing  that  they  were  almost  entirely 
without  meteorological  observations  on  the  high  ground,  where  dew -ponds 
abounded,  our  rainfall  stations  being  almost  invariably  at  a  low  level. 
As  to  the  question  of  dew  or  mist  he  did  not  feel  qualified  to  speak.  He 
wondered  whether  it  was  possible  that  the  film  of  scum  constantly  seen 
on  the  sur6tce  of  dew<ponds  had  any  infiuence  in  protecting  the  water 
from  evaporation.  Dew-ponds,  being  entirely  isolated  from  running 
water,  were  very  important  from  a  biological  point  of  view.  They  could 
watch  the  population  of  a  pond  becoming  more  numerous  and  varied,  and 
note  how  Uie  higher  animals  and  plants  took  the  place  of  the  lower  which 
first  appeared.  Dew-ponds  and  other  isolated  ponds  would  give  much 
valuable  information  as  to  the  rate  of  dispersal  of  the  aquatic  fauna  and 
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flora  of  a  district,  aod  their^observation  with  this  object  w&s  a  matter 
which  might  well  be  recommended  to  all  local  scieatific  Societies. 

Mr.  Vaughan  Cornish  said  that  in  Berkshire  the  dew-ponds  were 
frequently  in  open  situations  and  not  under  trees.  He  would  bring  the 
matter  before  the  notice  of  the  Dorsetshire.  Field  Club,  and  he  hoped  the; 
might  be  able  to  make  some  systematic  observations  on  dew-ponds. 

Mr.  John  Hopkinson  noticed  that  Professor  Miall  held  that  the  margin 
of  the  pond  had  very  little  effect  in  increasing  the  amount  of  rain  col- 
lected, but  he  believed  that,  as  a  rule,  the  area  of  the  margin  was  at  least 
equal  to  that  of  the  surface  of  the  pond.  There  was  thus  twice  the 
area  for  rainfall  that  would  be  given  if  the  water-oovered  surface  alone 
were  reckoned.  It  was  difficult  to  form  an  idea  as  to  how  water  was 
contributed  to  these  ponds  by  dew,  as  dew  would  require  a  surface  cooler 
than  the  air  on  which  to  condense,  whilst  the  wat«r  in  the  pond  would 
usually  co61  more  slowly  than  the  air  above  it.  The  water  being  also 
warmer  than  the  surface  of  the  ground  surrounding  it,  dew  would  not 
so  readily  condense  on  it.  He  believed  that  observatdons  had  been 
made,  but  he  was  not  aware  that  any  one  had  actually  seen  the  dew 
accumulating  on  the  side  of  a  pond  and  trickling  down  into  it.  The 
mai^in  had  certainly  very  little,  if  any,  effect  as  regards  the  amount  ot 
dew  received.  A  dbtinction  must  be  drawn  between  dew  and  mist : 
the  latter  would  probably  increase  the  amount  of  water  in  a  pond.  As 
to  the  level  of  these  ponds,  he  believed  that  it  varied  considerably  from 
time  to  time.  Where  there  were  trees  overhanging  the  pond  there  would 
be  a  considerable  deposition  of  dew,  but  he  thought  that  the  majority  of 
these  ponds  were  not  surrounded  by  trees.  As  to  evaporation  from 
the  ponds,  mist  was  to  be  seen  at  times  rising  from  their  surface.  He 
believed  that  the  average  rainfall  where  dew-ponds  were  aitu&ted  was 
between  twenty-five  a^d  thirty  inches  per  annum.  Bnt  there  were 
scarcely  any  rain-gauges  on  the  high  ground  where  dew-ponds  existed, 
and  there  was  probably  more  rain  on  the  hitia  than  in  the  valleys.  He 
did  not  know  of  any  dew-ponds  in  Hertfordshire,  though  there  was  ■ 
considerable  area  around  Royston  and  Hitchin  where  there  was  bare 
chalk.  He  thought  the  subject  extremely  interesting,  and  one  iriiicli 
might  be  profitably  studied  by  the  local  Societies.  Among  other  results 
their  investigations  might  some  day  enable  fo.rmers  to  fix  upon  the  best 
[xiBsible  sites  for  their  dew-ponds,  and  so  prevent  the  wast«  of  a  consider- 
able amount  of  money. 

Mr.  Clement  Reid  remarked  that  the  ponds  which  had  stood  the  severe 
drought  had  generally  trees  on  their  margin. 

Mr.  J.  Brown  said  that  in  order  to  form  an  accurate  estimate  of  what 
was  going  on  it  would  be  necessary  to  consider  the  amount  of  water  con- 
sumed by  the  animals  drinking  at  the  pond.  There  were  no  dew  ponds 
in  Ireland. 

The  Chairman  remarked  that  dew-punds  were  only  made  in  a  country 
like  that  of  the  higher  chalk  districts,  where  the  rocks  were  absolutely  diy. 

Mr.  W.  Gray  said  that  there  was  a  great  deal  of  superstition  ahoot 
water,  and  some  of  the  accounts  of  dew-ponds  which  never  failed,  Ac^ 
probably  owed  much  to  that  source.  There  were  wells  in  Ireland  the 
water  of  which  it  was  said  would  not  boil,  and  the  people  never  used 
it  for  cooking,  because  they  thought  that  it  would  be  useless  for  that 
purpose.  This  notion  evidently  arose  from  the  fact  that  the  water  tram  a 
deep-seated  source  is  of  the  same  temperature  in  summer  and  winter,  and 
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the  infereoce  of  some  people  was  that  it  woald  be  of  no  use  to  attempt  to 
change  the  temperatnre  arbifioially. 

Mr.  W.  M.  Watts  said  that  with  reguv]  to  tJie  mixture  of  lime  with 
clay  in  the  sides  of  a  dew-pond,  he  did  not  think  that  was  necessary  to 
make  them  impervious ;  bat  lime  was  frequently  mixed  with  sandy 
material  to  prevent  it  from  slipping  in  the  slope  of  a  reservoir  embank- 
ment. With  regard  to  the  amoant  of  dew,  that  could  hardly  exceed  one 
inch  and  a  half  per  annum. 

Mr.  James  Barrowman  was  not  aware  that  there  were  any  dew-ponds 
in  Scotland.  One  jioint  to  be  considered  was  whether  the  superficial  area 
of  the  pond  had  anything  to  do  with  its  succesB. 

Mr.  Hopkinson  thought  that  it  was  of  considerable  importance  in  the 
construction  of  these  ponds  that  in  the  summer  the  receiving  area  was 
usually  more  than  double  the  evaporating  area. 

Mr.  G.  F.  Hughes  said  that  dew-ponds  were  unknown  in  his  district. 
It  occurred  to  bim  that  they  might  prove  useful  in  the  future  both  in  Aus- 
tralia and  in  South  Africa— dry  countries  where  the  dews  were  very  heavy. 

The  Rev.  E.  P.  Knubley  remarked  that  Wiltehire  was  a  country  of 
dew-ponds.  He  suggested  that  all  the  Delegates  should  be  supplied  with 
a  list  of  questions,  which  they  might  attempt  to  answer  by  the  c^te  of  the 
next  meeting. 

Professor  Louis  remarked  that  the  exact  composition  of  the  water  in 
these  dew-ponds  was  one  of  the  essential  points  to  be  examined. 

Professor  Potter  said  that  in  Warwickshire  there  were  many  ponds 
which  it  was  almost  impossible  to  suppose  could  be  fed  by  surface 
drain^ie.  In  Suffolk  there  were  a  great  number  of  small  ponds  which 
formed  the  water-supply  of  villages,  and  were  covered  over  and  not 
supplied  by  rain.  In  the  south  of  Portugal  there  was  a  well-defined 
wet  season  of  short  duration  and  a  prolonged  summer,  in  which  no  rain 
fell  at  all.  In  that  country  there  were  many  rock  pools,  and  from  the 
scarcity  of  the  rainfall  and  the  excessive  heat  it  was  impossible  to  suppose 
that  these  pools  had  been  fed  entirely  by  the  rain. 

Professor  Miall  replied,  and  expressed  the  hope  that  the  Corresponding 
Societies  would  take  up  the  subject  and  furnish  additional  information  on 
dew-ponds. 

liie  Chairman  remiested  the  Delegates  to  bring  the  subject  before 
their  Societies.  Mr.  vaughan  Cornish  remarked  that  he  would  see  what 
could  be  done  in  Hampshire  and  Berkshire  to  induce  people  to  take  the 
matter  up.  The  Kev.  E.  P.  Knnbley  added  that  he  would  try  to  interest 
some  residents  in  Sussex. 

Sbctiok  C. 
Mr.  Monckton,  representing  Section  C,  drew  attention  to  the  labours 
of  two  Committees  who  wished  to  obtain  the  co-operation  of  the  Cor- 
responding Societies  in  their  work,  the  Qeolc^cal  Photographs  Committee 
and  the  Erratic  Blocks  Committee.  As  regards  geological  photographs, 
the  county  of  Yorkshire  and  the  scientific  Societies  rf  Yorkshire  were 
pre-eminently  first  in  the  work  up  to  the  present  time.  The  number  of 
geological  photographs  in  the  British  Association's  collection  was  2,655, 
the  number  receiv^  daring  the  past  year  being  309.  In  this  list  he  did 
not  include  a  certain  number  of  duplicates  and  lantern  slides.  It  was  so 
obvious  that  the  taking  of  geological  pliotographs  was  a  work  which  could 
be  most  usefully  done  by  members  of  the  Societies  that  he  need  say 
nothing  more  on  that  head.     Then  the  Committee  for  the  Investigation  of 
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the  Erratic  Blocks  of  the  British  Jslee  wished  for  the  active  co-operalim 
of  the  members  of  the  Corresponding  Societies.  Individual  workers  could 
greatly  aid  this  investigation,  bnt  the  most  effective  assistance  wonld  be 
given  hj  the  organisatioa  of  local  Boalder  Committees.  He  would  there- 
fore suggest  that  the  Delegates  should  impress  their  respective  Societies 
with  the  importance  of  organising  local  Boulder  Committees,  and  of  com- 
mnnicating  the  results  attained  to  the  Erratic  Blocks  Committee.  It 
might  be  useful  to  add  that  the  Secretary  of  the  Geological  Fhotographe 
Committee  is  Professor  W.  W.  Watts,  and  the  Secretary  of  the  Erratic 
Blocks  Committee  Professor  P.  P.  Kendall. 
Section  D. 

The  Rev.  £.  F.  Enubley  said  that  Section  D  was  anxious  to  eccoura^ 
the  Corresponding  Societies  to  go  on  observing  birds,  and  especially  the 
migration  of  birds.  A  new  light  had  been  thrown  on  the  migration  of 
birds  by  the  observations  of  lighthouse  and  lightship  keepers.  Untal 
recently  it  was  thought  that  all  birds  had  the  same  lines  of  flight,  bat 
now  it  was  known  that  there  were  several.  It  waa  now  known  that  the 
common  thrush  went  backwards  and  forwards  from  our  islands  during 
about  ten  months  of  the  year.  It  was  found  that  the  wagtail  came 
regularly  along  the  western  coast,  but  was  unknown  on  the  east  It  was 
desirable  that  they  should  learn  how  long  the  commonest  English  birds 
sat  upon  their  eggs  before  hatching  them.  No  one  at  present  coold 
answer  that  question.  Then  the  subject  of  the  food  supply  of  birds  was 
one  which  might  well  be  studied.  I^e  life  histories  of  insects  was  also  a 
most  interesting  subject  to  work  at. 

Section  E. 

Mr,  Sowerbutts  said  that  he  had  some  su^estions  to  make,  though  he 
could  not  precisely  say  that  he  mode  them  on  behalf  of  Section  £.  He 
thought  that  the  Corresponding  Societies  should  be  placed  permanently 
on  the  list  so  long  as  they  conformed  to  the  rules  of  the  Aasociataon,  and 
not  be  elected  for  a  year  only  as  at  present.  Secondly,  tlie  Delegate 
should  be  held  responsible  for  the  carrying  out  of  anything  required  hy 
the  Association,  and  should  be  the  correspondent  with  the  Secretary  w 
the  Corresponding  Societies  Committee.  It  should  also  be  his  duty  to 
report  to  the  Society  he  represented  on  the  subjects  in  which  the  British 
Association  desired  the  co-operation  of  the  Corresponding  Societies. 
Before  the  end  of  the  year  he  should  forwartl  to  the  Corresponding 
Societies  Committee  a  copy  of  his  report.  And  he  should  forward  to  the 
Secretary  of  the  Corresponding  Societies  Committee  before  March  in  each 
year  the  name  of  any  subject  that  his  Society  might  wish  should  be  con- 
sidered  by  the  Corresponding  Societies  Committee.  He  also  proposed 
that  a  Delegate  about  to  resign  his  post  might  introduce  a  new  Delegate 
on  sending  bis  name  to  the  Secretary  of  the  Corresponding  Societies 
Committee,  the  new  Delegate  not  having  the  power  of  voting,  and  not 
becoming  a  member  of  the  General  Committee.  Other  questions  also 
needed  consideration.  How  long,  for  example,  should  a  Corresponding 
Society  remain  on  the  list  which  did  nothing  asked  for  by  the  Britidi 
Association  1  He  thought  that  any  Society  which  did  not  send  a  Delegate 
year  after  year  should  cease  to  be  connected  with  the  Association.  And 
he  would  strongly  urge  also  the  enforcement  of  the  Delegate's  duty  of 
reporting  to  his  own  Society  and  sending  a  copy  of  the  report  to  tJ» 
Secretary  of  the  Corresponding  Societies  Committee. 
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The  Chainnau  remarked  that  he  was  afraid  they  would  be  told  that 
by  rflgulations  of  this  kind  they  were  interfering  with  the  internal 
management  of  the  Societies. 

Mr.  Sowerbutts  said  that  had  always  been  a  difficulty,  but  if  the 
difficulty  were  not  overcome  the  work  of  the  Corresponding  Societies 
Committee  could  hardly  be  carried  to  a  profitable  issue. 

Sbction  H. 

Mr.  E.  Sidney  Hartland,  representing  Section  H,  brought  before  the 
notice  of  the  Conference  the  work  of  the  Antbropologict^  Photographs 
Committee,  whose  object  was  to  collect  photographs  of  objects  of  anthro- 
pological int«reBt.  At  present  the  collection  was  to  be  placed  in  the 
rooms  of  the  AnthropolofZficot  Institute.  The  Committee  thought  that 
there  must  be  in  all  parts  of  the  country  a  considerable  number  rf  photo- 
graphs of  thia  kind  of  interest  to  students,  but  not  at  present  avulable. 
They  wanted  photographs  of  prehistoric  stone  monuments,  stone  im- 
plements, primitive  pottery,  and  of  objects  connected  with  local  supersti- 
tions, 4e.  Objeots  of  this  kind  were  frequently  to  be  met  with  in  local 
muBeoms.  Sometimes  they  belonged  to  the  locality,  sometimes  not.  But 
at  present  their  existence  there  was  known  only  to  the  local  men,  and  the 
Committee  wished  to  make  them  available  for  all  students  of  anthropology. 
The  Secretary  of  the  Committee  was  Mr.  J.  L.  Slyrts. 

The  Rev.  J.  O.  Bevan  said  that  though  the  hour  was  late  he  wished 
to  bring  forward  a  proposition.  It  was  '  that  the  Committees  of  the 
Corresponding  Societies  be  invited  to  lay  before  their  members  the 
necessity  of  carrying  on  a  systematic  survey  of  their  conntiea  in  respect 
to  ethnography  and  ethnology,  botany,  meteorology,  omithol(^y, 
archeology,  folklore,  Ac'  This  kind  of  work  was  being  done  in  part  at 
various  places,  but  at  present  little  was  known  of  it  by  any  central  body, 
and  thence  probably  there  was  some  confusion  and  overlapping.  The 
Society  of  Antiquaries  were  prepared  to  assist  any  local  Society  willing  to 
take  up  the  archsological  survey  of  a  county.  The  Committee  of  the 
British  Association  which  was  concerned  with  the  ethnography  and 
ethnology  of  the  country  was  dissolved  at  the  Dover  meeting.  He  hoped 
that  the  Committees  of  the  various  local  Societies  would  appoint  members 
according  to  their  several  aptitudes  to  take  up  specific  work,  and  that  the 
Corresponding  Societies  Committee  should  be  in  a  position  to  know  what 
was  being  done,  so  as  to  regulate  and  co-ordinate  the  work  and  give  it 
direction.  He  wished  that  some  record  might  be  kept  of  the  resolution  by 
placing  it  on  the  minutes. 

The  Chairman  said  that  the  only  difficulty  of  putting  the  resolution 
was  that  the  meeting  was  then  bo  small  that  it  would  be  hardly  fair  to 
take  a  vote.  He  suggested  that  the  resolution  should  be  referred  to  the 
Committee  to  deal  with. 

It  was  resolved  that  all  the  matters  touched  upon  by  Mr.  Sowerbatts 
and  Mr.  Bevan  should  be  referred  to  the  CommitteiB. 

Mr.  Hembry  suggested  that  at  future  meetings  matters  connected  with 
the  different  S«;tions  should  be  taken  before  the  reading  of  a  paper  on  any 
qtecii^  subject. 

The  Chairman  said  that  this  question  might  also  be  referred  to  the 
Committee. 
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huiax  of  the  nurre  important  Papers,  and  eapeoially  those  Tefwring  to 
Local    Sdentlfic   Investigatums,   published-    by   the   C(yrresponding 

Societies  during  the  year  &ndiii^  June  1,  1900. 

•,•  This  catalogue  contains  only  the  titles  of  papers  published  in  the  yolnmes  or 
porta  of  the  publications  of  the  Corresponding  Sodeties  sent  to  the  Secratarr  of 
the  Committee  in  accordance  with  Bnle  2. 

Section  A, — Mathematical  and  Physical  Sciekce. 
Black,  Dr.  W.  G.    Chriatmas  and  New  Year  Weather  in  EdinbnKFh 

'  Journal  Mancli.  Geog.  Soc.'  xiv.  365,  1899. 
Bladen,  W.  Wells.    Beport  of  the  Meteorological  Section     'Trans 

N.  Staff.  F.C  XXXIV.  113-119,  1900. 
Bbabheab,  Dr.   J.   A.    Diffraction   Gratings.      'Trans.  Toronto  Antr 

Phys.  Soc.'  I.  22-28,  1900.  ' 

Campbell-Batabd,  F.    Beport  of  the  Meteorological   Sub-Committee 

for  1898.     'Trans.  Croydon  M.  N.  H.  C  1898-99,  294^299,  and 

Appendices,  1899. 
Chambers,  G.  F.    Eelipaee  of  the  Bun,  with  especial  reference  to  the 

Eolipae  of  May  28, 1900.     '  Trans.  S.-E.  Union,"  iv.  36-42  1899. 
Gkesswell,  Alfbed.    Records  of  Meteorological  Observations  taken  at 

the  Obaervatory,  Edgbaston,  1899.     '  Birm.  and  Mid.  Inst.  Bci.  Soc' 

25  pp.  1900. 
Eaton,  H.   S.     Returns  of  Rainfall,   ic,  in    Dorset   in    1898    with 

Appendix  of  Rainfall  Constants  at   104   Stations.     '  Proc     Dorapt 

N.  H.  A.  F.  C  XX.  81-98,  1899.  '^'*"^' 

Elvinb,  a.     World  Formation  and  Dispersion.    I.  The  Bnilding  of  the 

Chemical  Molecule.     '  Trans.  Toronto  Astr.  Phya.  Soo.'  x.  5-10  1900 
Finneqan,  J.    Electric  Discharges  in  Rarefied  Gases.    '  Proc    BbJIohJ 

N.  H.  Phil.  Soc.'  1898-99,  68-71,  1899.  ^^^' 

Fleming,  Dr.  Wm.  Jab.    A  Simple  and  Inexpensive  Method  of  Localising 

with  X-raya.     '  Proc.  Glasgow  Phil.  Soc."  xxx.  12-16,  1899. 
Habvby,  Abthub.     Aatronomy  in  Infancy,  Yonth,  and  Maturity  (Presi- 
dential Address).     'Trans.  Toronto  Astr.  Phya.  Soc'  x.  67-96  1900 
Hele-Shaw,  Prof.  H.   8.     Further  Experiments  on  the  Character  of 

Fluid  Motion.    '  Trans,  Liverpool  E,  Soc.'  xx.  37-49,  1899. 
HENDBKaoN,  Rev.  A.   (Paisley  Philosophical  Institution).      The  Coats 

Observatory,  Paisley,  its  History  and  Equipment.    48  pp.,  1899 
Hbywood,  H.    Meteorological  ObaervatiouB  in  the   Society's  Di'atrif>t 

1898.    •  Trans.  Cardiff  Nat.  Soc.'  xxxi.  54-69,  1900.  ^"""c'. 

HOPKINSON,  John.     Report  on  the  Rainfall  in  Hertfordshire  in  the  Year 

1898.     '  Trana.  Herta  N.  H.  Soc.'  x.  121-128,  1899. 
Meteorological  Observations  taken  in  Hertfordshire  in  the  Year 

1898.     '  Trana.  Herts  N.  H.  Soc.'  x.  143-152,  1899 
Lindsay,    Thomab.      Historical    Sketch    of   the    Greenwich    Nautical 

Almanac :  IX.  Star  Catalogues.    '  Trans.  Toronto  Astr.  Phya.  Soc.'  x. 

12—18, 1900. 
Ldmbdbn,  G.  E.,  and  Thob.  Lindsay.    Total  Eclipse  of  the  Sun  of 

May  28th,  1900.     '  Trans.  Toronto  Aatr.  Phys.  Soc.'  x.  44-60, 1900 
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Maci>ean,  Dr.  Maomub.    On  the  Different  InstabilitieB  of  Convex  Bodies 

smnning  in  different  directions  on  a  Plane,  first  discovered  in  Celts. 

'  Proc.  Glasgow  Phil  Boo.'  xxx.  76-82,  1899. 
Mabehah,  C.  a.    Meteorologioal  Beport — Observer's  Notes.    'Journal 

N'ton.  N.  H.  Soc'  x.  288-298,  1900. 
and  F.  Covbntbt.    Meteorological  Reports,  Jaouary  to  September 

1899.     '  Jouroiil  N'ton.  H.  H.  Soc.'  x.  191-197,  288-288,  268-274, 

1899. 
MARiiBOBODaB  CouiiBQE  Natuiui.  Histobi  BoGiBftT.      MeteoToIogioal 

Beport.    '  Report  Marlb.  Coll.  N.  H.  8oo.'  No.  48, 109-180,  1900. 
UawIiBY,  Edwabd.    Beport  on  Phenological  Phenomena  observed  in 

Hertfordshire  during  the  year  1898.    '  Trans.  Herts  N.  H.  Soc.'  x. 

129-186, 1899. 
MiTCHEtiL,  BeT.  J.  E.    Results  of  Meteorologioal  Observations  taken  in 

Chester  during  1898.    '  Proc.  Cheater  Soc.  Nat.  Sci.'  1898-99, 18-18, 

1899. 
MoNCK,  W.  H.  S.     Stationary  Meteor  Radiants.     '  Trans.  Toronto  Astr. 

Phys.  Soc.'  X.  28-37, 1900. 
MooBE,   A.   W.    Report  of  the    Meteorological    Section.    'Yn    Lioar 

Manninagh,'  iii.  497-498,  1899. 
Paiblbs  PbuiObofhigai.  Inbtitdtion.      '  Coats  Observatory  Meteoro- 

logicfJ  Observations,'  1898,  12  pp.  1899. 
Patb^om,  John  A.    Oceanic  Tides  and  Tidal  Phenomena  as  revealed  in 

the  Oenesis  of  Worlds.    '  Trans.  Toronto  Astri  Phys.  Soc.'  x.  97-110. 

1900. 
P1.0WBIQHT,  Dr.  Chab.  B.    Note  on  Paraselenn  seen  at  Lynn,  March  9, 

1898.    'Trans.  Norf.  Norw.  Nat.  Soo.'  vi.  489, 1899. 
Pkebtom,  A.  W.    Meteorologioal  Notes,  1898.    '  Trans.  Norf.  Norw.  Nat. 

Soo.'  VI.  478-480,  1899. 
Reyholds,  Prof.  Obbokne.    On  the  Character  of  Fluid  Motion.    '  Trans. 

Liverpool  E.  Soo.'  xx.  49-54, 1899. 
BiOHABDBoN,    NeiiBom,    M.     Notes    on    the    Effect    of   the    Oale    of 

February  11-18,   1899,  on  the  Beach  to  the  East  of  Weymouth. 

'  Proc  Dorset  N.  H.  A.  F.  C  xx.  177-181, 1899. 
Saomdebs,  Jaicbb.    On  some  Effects  of  the  Hailstorm  of  June  24, 1897, 

in  Hertfordshire  and  Bedfordshire.     '  Trans.  Herts  N,  H.  Soc.'  x. 

119-120, 1899. 
Sutton,  J.  B.    Do  the  Mining  Operations  affect  the  Climate  of  Eim- 

berley?    '  Tranfl.  S.  African  Phil.  Soc.'  xi.  7-17, 1900. 
The  Winds  of  Kimberley.     'Trans.   S.   African  Phil.  Soc.'  xi. 

76-112,  1900. 
SvnNTOH,  A.  A.  C.    Electric  Discharges  in  Vacuo  and  the  Bdntgen  Bays. 

'Proc.  Glasgow  PhU.  Soo.'  xxx.  272-288,  1899. 
Ttkdall,  W.  H.    Report  of  the  Meteorology  of  Bedhill  for  1895,  for 

1896,  and  for  1897.     'Proc  Holmesdale  N.  H.  C  1896-98,  7-11, 

46-68.  82-92,  1899. 
Waooh,  Eev.  W.  R.    The  November  Meteors.    '  Proc.  Dorset  N.  H.  A. 

F.  C  XX.  99-108, 1899. 
Wbttblet,    J.    Meteorological    Table    for    the    Year   1899  (Halifax). 

'  Halifax  Naturalist,'  it.  107-108, 1900. 
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Baneabt,  Geo.    DemonatratioD  of  Carbon  Printing.     '  Trans.  Leicester 

Lil.  Phil.  Soo,"  V.  420-424, 1900. 
Chambers,  W.  H.  (Midland  Inat.  Eng.).    Notes  on  Gob-Fires.    '  Trans. 

Inst.  Min.  Eng.'  xvin.  154-156,  1«09. 
Cole,  Wm.    The  After-Effeots  of  the  High  Tide  of  November  29, 1897. 

'  Essex  Naturalist,'  xi.  83-86,  1899. 
Gebrakd,  John.    Instantaneous  Outbursts    of   Fire-damp    and   Coal, 
Broad  Oak  CoUiery.     '  Trans.  Inat.  Min.  Eng.'  xvin.  261-258,  1900. 

An  Ontburst  of  Gas  at  Westleigh   Colliery.      '  Trans.  Mancb. 

Geol.  Soc'  XXVI.  162-166,  1899. 

Note  on  an  Outburst  of  Fire-damp  at  Blainscongb  Colliery.  '  Trans. 

Mancb.  Geol.  Soc'  xxvi.  171-172,  1899. 

Hedley,  J.  M.,  and  W.  Leck  (N.  Eng.  Inst.).     Fire-damp  in  the  Iron 

Ore  Mines  of  Cumberland  and  FumesB.  'Trans.  Inst.  Min  Eng.'xvii. 

284-287,  1899. 
Keegan,  Dr.  P.  Q.     The  Chemistry  of  the  Lakeland  Trees.     '  The  Natu- 

raJist  for  1899,'  349-362,  1899. 
Martin,  A.  J.     The  Purification  of  Sewage  by  Bacteria.    '  Proc.  Belfast 

N.  E.  Phil.  Soc'  1898-99,  32-37, 1899. 
OssuAN,  W.  J.    On  Permitted  Explosives.    '  Trans.  Mancb.  Geol.  Soc' 

XXVI.  229-281, 1899. 
O'Shea,  L.  T.   (Midland  Inat.  Eng.).    The  Safety  of  Modem  Mining 

Explosives,  with  special  reference  to  Methods  of  Testing.     '.Trans. 

Inst.  Min.  Eng.'  xvii.  189-209,  1899. 
SfBNCEB,  Gbobgb  (Midland  Inst.  Eng.).    The  Application  of  Liquefied 

Carbonic  Acid  Gas  to  Underground  Fires.    '  Trans.  Inst.  Min.  Eng.' 

XVII.  181-183,1899. 
Stabling,  E.  A.    Ferments  and  Fermentation.     'Trans.  Eastbonrne 

N.  H.  Soc'  8, 196-206, 1899. 
Stoddabt,  F,  W.    The  Circulation  of  Nitrogen  in  Nature  :  an  Account  of 

some  Indispensable  Microbes,     '  Proc.  Bristol  Nat.  Soc'  ix.  57-74, 

1899. 
Vecquebay,  E.  G.    The  Nordon-Bretonnean  Process  of  Seasoning  and 

I^eBerying  Timber  and  other  Fibrous  Substances  by  means  of  Elec- 
tricity.   '  Trans.  Inst,  Jlin.  Eng.'  xvii.  427-429, 1899. 

Seclkn  C— Geology. 

Babee,  F.  Beport  of  the  Geological  Section.  '  Trans.  N.  StafT.  F.  C 
XXXIV.  76-79, 1900. 

Barnes,  J.,  and  W.  F.  Holboyc.  On  the  Subterranean  Excaration  In 
Limestone  Areas,  and  a  Consideration  of  the  Atmosphencal,  Physio- 
logical, and  Hygienic  Conditions  produced  thereby.  '  Trans.  Manch. 
Geol.  Soc'  xxn.  206-218, 1899. 

Basbett,  W.  S.  '  Mining  Industries,  &c.'  (Presidential  Address). 
'  Trans.  Manch.  Geol.  Soc'  xxvi.  277-282, 1899. 

Babbow,  Geoeoe.  On  the  Unconformity  between  the  Carboniferous 
and  the  Bnnter,  with  special  reference  to  the  Cheadlc  Area,  '  Trans. 
N.  Staff.  F.  C  xxxiv.  98-100, 1900.  , 

1900.  Qglc 
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Becheb,  S.  J.  (N.  Eog.  Inat.).    The  EalgooiUe  Goldfield.     '  Trane.  Inst. 

Min.  Eng.'  xvm.  42-49,  1899. 
Bell,  Thouas.     Notes  on  the  Working  of  Coal  Mines  nnder  Sea ;  also 

nnder  the  Permian  Feeder  of    Water,    in    the    Coontj'   Dorh&m. 

'  Trana.  Manoh.  Geol.  Soc.'  xxvi.  366-399, 1900. 
Bbeweb,  Wu.  M.    Mineral  Resources    of   Vancouver   and  Adjacent 

Islands,  British  Colombia.    'Tians.  Inst.  Min.  Eng.' xvii.  444-451, 

1899. 
BusTON,  F.  M.    Lincolnshire  Coast  Boulders.    '  The  Naturalist  for  1899.' 

325-329,  1899  ;  for  1900,  98-97, 1900. 
Oabadoc  avd  Severn  Valley  Field  Club.     Geological  Notes,  1899. 

'  Eecord  of  Bare  Facts,'  No.  9,  35-83  [1900]. 
Clabee,  W.  G.     '  Flint  Jack  : '  his  Life -History.    •  Trans.  Norf.  Norw, 

Nat.  Soc'  VI.  463-468, 1899. 
CoATES,     Hbnrt.     '  Geology  in  relation    to   Ait '    (Annual  Address). 

'  Proc.  Perths.  Boc.  Nat.  Sci.'  in.  xvii.-xsiv.  1899. 
Cbakkbhaw,  Joseph.     Coal  Mining  in  South  Russia.     '  Trans.  Manch. 

Geog.  Soc.'  xx«.  410-417.  1900. 
Cbiok,  G.  C.    Note  on  some  Fossil  Cephalopoda  from  Cornwall.  '  Trans. 

ComT.  R.  Geol.  Soc.'  xii.  838-341, 1900. 
Cbopts,  W.  H.    Notes  on  the  Post-Glacial  Deposits  of  HuU  and  District. 

•  Trans.  Hall  Geol.  Soc.'  iv.  36,  1899. 
Cbosfield,  Miss  M.  C.    The  Tremadoc   Slates.    'Proo.    Holmesdale 

N.  H.  C  1896-98, 11-22, 1899. 
Dawsok,  C.    Petroleum  in  Sussex.    '  Report  Brighton  N.  H.  Phil.  Soc.' 

1898-1899, 10-14, 1899. 
De  Rance,  C.  E.  (N.  Eng.  Inst.).    The  Geology  of  Furness.     '  Trana. 
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Sectiok  a.— mathematical  A^^D  PHYSICAL  SCIENCE. 
FexaiSBin  of  ibb  Smtios—Di,  Jobbph  La.bhob,  F.R.S. 


THimSDAr,  SEPTEMBBB  6. 

The  President  deliTered  tte  folbirini^  Address  :— 

It  is  Utting  that  before  entering  upon  the  biuinesa  of  the  Soction  we  should  pause 

to  take  note  of  the  loseea  which  our  depaitment  of  Bcienea  has  recent];  sustained. 

The  fame  of  Bertrand,  apart  from  big  official  position  as  Secretary  of  the  French 


Academy  of  Sciences,  was  long  aro  universaUT  established  bj  his  classical  treatise 
on  the  InfinitfUmal  Calculus :  it  nss  been  of  late  jeart  sustained  by  the  liuninODS 
exposition  and  searchinf^  criticism  of  his  books  on  the  Theory  of  Probability  and 


Thannodynamics  and  Electricity.  The  debt  which  we  owe  to  that  other  veteran, 
G.  'Wiedemann,  both  on  account  of  hie  own  researches,  which  take  us  back  to  the 
modem  reviyal  of  experimental  physics,  and  for  his  great  and  indispensable 
thesaurus  of  the  science  of  electricity,  cannot  essily  be  overstated.  By  the  death 
of  Sophus  Lie,  folio win^r  soon  after  his  return  to  a  chair  in  his  native 
country  Norway,  we  have  lost  one  of  the  great  constructive  mBthematicians  of  the 
century,  who  has  in  various  directions  iiindBmentally  expanded  the  methods  and 
conceptions  of  analysis  bv  reverting  to  the  fountain  of  direct  geometrical  intuition. 
In  Italy  the  death  of  Beltrami  hsa  removed  an  investigator  whose  influence  has 
been  equally  marked  on  the  theories  of  transcendental  geometry  and  on  the  pro- 
gress 01  mathematical  physica.  In  our  own  country  we  have  lost  in  V.  E.  Hughes 
one  of  the  great  scientific  inventors  of  the  age ;  while  we  speciaUy  deplore  the 
removal,  in  hia  early  prime,  of  one  who  has  recently  been  well  known  at  these 
meetings,  Thomas  Preston,  whose  experimental  investigations  on  the  relations 
between  magnetism  and  li^ht,  combinea  with  his  great  powers  of  lucid  exposition, 
marked  out  for  him  a  brilliant  future. 

Perhaps  the  most  important  event  of  general  scientiGc  interest  during  the  past 
year  has  tieen  the  definite  undertaking  of  the  great  task  of  the  international 
coordination  of  sdentific  literatnre ;  and  it  may  be  in  some  measure  in  the  pro- 
longed conferences  that  were  necessitated  by  that  object  that  the  recently 
announced  international  federation  of  scientific  academies  has  had  its  origin.  In 
the  important  task  of  rendering  accessible  the  stores  of  scientific  knowledge,  the 
British  Association,  end  in  particular  this  Section  of  it,  has  played  the  part  of 
pioneer.  Our  annual  volumes  have  long  been  classical,  through  the  splendid 
reports  of  the  progress  of  the  difierent  branches  of  knowledge  that  have  been  from 
time  to  time  contributed  to  them  by  the  foremost  British  men  of  science ;  and  oar 
work  in  this  direction  has  received  the  compliment  of  successful  imitation  hj  the 
^ter  Associations  on  the  Contdneut, 
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been  tbis  y«ar  notably  augmentad  by  tbe  very  auccesaful  international  ermgmau 
of  mathematieianeaDdof  pbjsicistBwhich  met  a  few  weeks  of^a  in  Paris.  The  three 
volumes  of  reports  od  tbe  pn^fress  of  phyaicnl  science  during-  the  last  ten  yean,  for 
which  we  are  indebted  to  the  initiative  of  the  French  Physical  Society,  will  pro- 
-vide  an  admirable  conspectus  of  the  present  tfendof  activity,  and  form  a  permsoeat 
record  for  the  history  of  our  subject 

Another  very  powerful  auxiliary  to  progress  ia  now  bdnf;  rapidly  provided  by  tlie 
republication,  in  suitable  form  and  witnin  reasonable  time,  of  the  collected  worbs 
of  the  masters  of  our  science.  We  have  quiw  recently  received,  in  a  Inrge  ((oarto 
Tolume,  the  mas9  of  most  important  unpublished  work  that  was  left  behind  him  by 
the  lata  Professor  J.  C.  Adams  j  the  lealous  care  of  Professor  Sampson  bos  worked 
up  into  order  the  more  pui«Iy  astronomical  part  of  the  volume ;  while  the  gnat 
undertaking,  spread  over  many  years,  of  the  complete  determination  of  the  secular 
change  of  the  magnetic  condition  of  the  earth,  for  which  the  practical  preparations 
had  been  set  on  foot  by  Oausa  himsalf,  haa  been  prepared  for  the  preee  by  Professor 
W.  G.  Adams,  By  the  publication  of  the  firat  volume  of  Lord  Rayleigh's  papen 
a  series  of  memoirs  which  have  formed  a  main  stimulus  to  the  progress  of 
mathematical  physics  in  this  country  during  the  past  twenty  yeara  has  become 
generally  accessible.  The  completed  series  will  form  a  landmark  for  the  end  of  the 
century  that  may  he  compared  with  Young's  '  Lectures  on  Natural  Philoaophj ' 
for  its  begizming. 

The  recent  reconstruction  of  the  Univeraty  of  London,  and  tbe  foondatioD 
of  the  University  of  Birmingham,  will,  it  is  to  he  hoped,  give  greater  free- 
dom to  the  work  of  our  University  Colleges.  The  system  of  azaminstioDi 
has  formed  an  admirable  stimulus  to  the  effective  acquisition  of  that  geoenl 
knowledge  which  ii  s  necessary  part  of  all  education.  So  long  as  the  examiner 
recognises  that  hia  function  is  a  responable  and  influential  one,  which  is  to 
be  taken  seriously  from  the  point  of  view  of  moulding  the  teaching  in  places 
where  external  guidance  is  helpful,  test  by  examination  will  remain  h  most  valu- 
aUe  means  of  extending  the  area  of  higher  education.  Except  for  worfceta  in 
rapidly  progressive  branches  of  technical  science,  a  broad  education  seems  betler 
Adapted  to  the  purposes  of  life  than  special  training  over  a  narrow  range ;  and  it  i» 
dimcult  to  Bee  how  a  reasonably  elaslic  examinittion  test  can  be  considered  ai  ■ 
hardship.  But  the  case  is  changed  when  preparation  for  a  snecialised  Buentifie 
^fesuon,  or  mast-ery  of  the  lioee  of  attack  m  an  unsolved  problem,  is  the  object 
The  general  education  has  then  been  presumably  finished  (  in  expanding  depart- 
ments of  knowledge,  variety  rather  than  uniformity  of  training  should  be  the  ain, 
and  the  genius  of  a  great  teacher  ahould  be  allowed  free  play  without  external 
trammels.  It  would  appear  that  in  this  country  we  have  recently  been  liable  to 
unduly  mix  up  two  methods.  We  have  been  starting  studenta  on  the  special  tad 
lengthy,  though  very  instructive,  processes  which  are  Jmown  as  original  reseatx^  at 
an  age  when  their  time  would  be  more  profitably  employed  in  rapidly  acquiring  a 
brood  basis  of  knowledge.  As  a  result,  we  have  been  extending  the  examinatioa 
test  from  the  general  knowledge  to  which  it  is  admirably  suited  into  tbe  specialised 
activity  whicn  is  best  left  to  the  stimulus  of  peisonal  mtereet.  Informal  contact 
with  competent  advisers,  themselves  imbued  with  the  scientific  spirit^  who  can 
point  the  way  towards  direct  appreciation  of  the  works  of  the  musters  of  tiieMJence, 
IS  far  more  effective  than  detailed  instruction  at  second  hand,  as  regards  growinf 
Bubjects  thnt  have  not  yet  taken  on  an  authoritative  form  of  exposition.  Forto- 
natety  there  seems  to  be  now  no  lack  of  such  teachers  to  meet  the  requirements  of 
the  technicsi  colleges  that  are  being  established  throughout  the  country. 

The  famous  treatise  which  opened  the  modern  era  by  treating  magnetism  and 
electricity  on  a  scientific  basis  appeared  just  300  years  ago.  The  anthitf, 
William  Gilbert,  M.D.,  of  Colchester,  passed  from  the  Grammar  School  of  his 
native  town  to  St.  John's  College,  Cambridge :  soon  after  taking  his  first  d^iee, 
in  1660,  ho  became  a  Fellow  of  the  College,  and  seems  to  have  remwned  in  rea- 
dence,  and  taken  part  in  its  afbirs,  for  about  ten  years.  All  through  bia  subse- 
quent career,  botli  at  Colchester  and  afterwards  at  London,  where  be  attained 
toe  highest  po.iition  in  his  profession,  he  was  an  exact  and  diligent  explorer, 
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first  of  cbemical  and  thea  of  magnatic  aad  electric  pbenonietiti.  In  tlie  words  of 
th«  historian  iliJlaiu,  iviitiDir  in  188!), '  in  his  LMin  inaiiae  on  the  Magnet  he 
not  only  collected  all  the  knowledge  wliich  others  had  puBstntMd,  but  he  became 
at  once  the  fatiier  of  experimental  philosophy  in  thia  island ; '  aod  no  demur 
would  be  raissd  if  Hallam's  reBiricCion  to  this  country  were  removed.  WorkiDK 
■caldi  -- 


nearly  a  century  brfore  the  time  when  tlie  aelronomical  discoveries  of  Nev 
ori^ioated  the  idea  of  attraction  at  a  distance,  he  established  a  eomplete  formn- 
Istion  of  the  interaction  of  magneta  by  what  we  now  call  the  eiploratioa  of  their 
fields  of  force.  Hie  analyBis  of  the  facte  o!'  matnietic  inBuence,  and  incidentally  of 
the  points  in  which  it  differs  from  ^ectric  influence,  is  virtually  the  one  w&ich 
Faraday  re-introdneed.  A  cardinal  advance  was  achieved,  at  a  time  when  the 
Copemican  Astronomy  had  atill  lai^raly  to  make  iti  way,  by  assigning  the 
behaviour  of  the  compass  and  the  dip  needle  to  the  fact  that  the  earth  itself  is  a 
preat  magnet,  by  whose  field  of  influence  tber  are  controlled.  Tlis  book  paased 
through  many  editions  on  the  Continent  within  forty  years :   it  won  the  hif;h 

Kiiae  of  Galileo.  Gilbert  has  been  called  '  the  father  of  modern  electricity  by 
ieotley,  and  '  the  Galileo  of  majmetism '  by  Pogfj-endorff. 
When  the  British  Aeeociation  last  met  at  Bradford  in  1873  the  modem  theory 
wliich  largely  reverts  to  Gilbert's  way  of  formulation,  and  refers  tlectric  and 
magnetic  phenomena  to  the  activity  of  the  letber  instead  of  attractions  at  a 
diatance,  was  of  recent  growth :  it  had  received  its  clssaicol  exposition  only  two 
years  before  by  the  publication  of  Clerk  Maxwell's  treatise.  The  new  doctrine 
waa  already  widely  received  in  England  on  its  own  independent  merits.  On  the 
Continent  it  was  enge^ing  the  strenuous  attention  of  Ilelmholti,  whose  series  of 
memtHTs,  deeply  probing  the  new  ideas  in  their  rela'.iun  to  the  prevalent  and 
fairly  succeasiul  theories  of  direct  action  across  space,  had  begun  to  appear  in 
1870.  During  many  years  the  search  for  crucial  experiments  that  would  ^o 
beyond  the  results  equally  explained  by  both  views  met  with  small  success ;  it 
waa  not  until  1847  that  Hertz,  by  the  discovery  of  the  lethereal  radiation  of  long 
wave-length  emitted  from  electric  oscillators,  verified  the  hypothesis  of  Faradsy 
and  Maxwell  and  initiated  a  new  era  in  the  practical  development  of  phV'ical 
■cience.  The  experimental  field  thus  opened  up  was  soon  fully  occupied  both  in 
this  country  and  abroad ;  anH  the  borderland  between  the  sciences  of  op'ics  and 
electricity  is  now  being  rapidly  explored.  The  extension  of  experimental  know- 
ledge was  simultaneous  with  increased  attention  to  dirxctnees  of  explanation  ;  the 
expositions  of  lleaviside  and  Hertz  and  other  writers  fixed  attention,  in  a  njanner 
already  briefly  exemplified  by  Maxwell  himself,  on  the  inherent  simplicity  of  the 
completed  tethereal  scheme,  when  once  the  theoretical  scnffblding  employed  in  its 
construction  and  dynamical  consolidation  is  rt'moved ;  while  Foynting's  beautiful 
corallary  specifying  the  path  of  the  trflnsmiasion  of  energy  through  the  tether 
baa  brought  the  theory  into  simple  relations  with  the  applications  of  electro- 
dynamics. 

Equally  striking  has  been  the  great  mastery  obtained  during  the  last  twenty 
years  over  the  practical  manipulation  of  electric  power.  The  installation  of 
electric  wires  as  the  nenes  connecting  ditlerent  regions  of  the  earth  had  attained 
the  nuik  of  accomplished  fact  so  lon^  ago  as  18&7.  when  the  first  Atlantic  cable 
waa  laid.  It  was  largely  the  theoretics!  and  practical  difficulties,  man;  of  theiu 
unforeseen,  encjuntered  in  carrying  that  great  undertaking  to  a  successful  issue. 
that  necessitated  the  elaboration  by  Lord  Kelvin  and  his  coadjutors  of  convenient 
methods  and  instruments  for  the  exact  measurement  of  electric  quantities,  and 
thus  prepared  thn  foundation  for  the  more  recent  practical  developments  in 
other  directionr.  On  the  other  hand,  the  methods  of  theoretical  explanation  have 
been  in  turn  improved  and  simplified  through  the  new  ways  of  considering  the 
phenomena  which  have  been  evolved  in  the  course  of  practical  advancee  on  a 
laivB  scale,  such  as  die  improvement  of  dynamo  armatures,  the  conception  and 
utilisation  of  magnetic  circuits,  and  the  transmission  of  power  by  alternating 
currents.  In  our  time  the  relations  of  civilised  life  have  oeen  already  perhaps 
more  profoundly  altered  than  ever  before,  owing  to  the  establiahment  of  prsctically 
inat«ntaneoita  electric  communiration    between    all  parts  of  the  world.    The 
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employment  of  the  ume  subtle  ageucr  u  now  npldlj  aupenediiig  die  utificlil 
reciprocating  engines  Mid  other  contnTaocM  for  tlie  mampnlatioD  of  medianical 
power  that  were  introduced  with  t.he  emplojment  of  stckm.  The  poadbiUties 
of  transmitting  power  to  great  diatences  at  enormotu  tensioD,  and  therefoTe  with 
veiT  slight  waste,  along  Unes  merely  aaapended  in  the  air,  are  being  practjcill; 
revised ;  and  the  adraiitases  thence  deriTod  are  incresaed  muiifold  bj  the  almoft 
automatic  manner  in  whidi  the  electric  power  can  be  transformed  into  meehaiocal 
rotation  at  the  verj  point  where  it  is  desired  to  apply  it,  Theeneigy  is  tranmitted 
at  such  lightning  speed  that  at  a  given  instant  only  an  exceedingty  minute  ponioo 
of  it  is  in  actual  transit.  When  the  tendon  of  the  alternations  is  nigh,  the  amount 
of  electricity  that  has  to  oscillate  backwards  and  forwards  on  the  guiding  wires 
is  proportionately  dimiaiahed,  and  the  frictional  w«ste  reduced-  At  the  terminils 
the  direct  transmission  from  one  armature  of  the  motor  to  the  other,  acroas  ths 
interfeoing  emply  space,  at  once  takes  us  beyond  theproTince  of  the  pushing  and 
rubbing  contacta  that  are  unavoidable  in  meehanical  trnnamisdoD ;  while  the 
perfect  symmetry  and  reveraihility  of  the  arrangemeat  by  which  power  isdeliveifd 
' rotatory  alternator  at  one  end,  guided  by  the  wires  to  another  place  many 


miles  away,  where  it  is  absorbed  by  another  alternator  with  precise  reveraal  of  ths 
initial  stages,  makes  this  process  of  distributioa  of  energy  resemble  the  automatic 
operOitions  of  nature  rather  than  the  imperfiict  materiu  connections  previously  in 
use.  We  are  here  dealing  primarily  with  the  flawless  continuous  medium  which 
is  the  transmitter  of  radiant  energy  hctobs  the  celestial  epncea;  the  pari  played 
by  the  coarsely  constituted  material  condoctor  is  only  that  of  n  more  orleM 
imperfect  guide  which  directs  the  cnrrent  of  Bthereal  energy.  The  -wonderful 
nature  of  this  theoretically  perfect,  though  of  (bourse  practically  only  approximate, 
method  of  abolishing  limitations  of  locality  with  regard  to  mechanical  power  is 
not  diminished  by  the  circumstance  that  its  principle  must  have  been  in  some 
manner  prevent  to  the  mind  of  the  first  person  who  folly  realised  the  character  of 
the  reversibility  of  a  Gramme  armature. 

In  theoretical  knowledge  a  new  domain,  to  which  the  theory  »b  expoaiid«d 
twenty  years  ago  had  little  to  say,  has  recently  been  acquired  through  th«  experi- 
mental Hcrutinv  of  the  electric  discharge  in  rarefied  gasKius  media.  The  vrry 
varied  electric  phenomena  of  vacuum  tul)PB,  whose  electri>lytic  character  was  Grst 
practically  eetehlisbed  by  Schuster,  have  heen  largely  reduced  to  order  throng 
the  employment  of  the  high  eihausrions  introduced  and  first  utilised  by  Grookes. 
TJieir  study  under  these  oircumstancea,  in  which  the  material  molecules  an  so 
sparsely  distributed  as  but  rarely  to  interfere  with  each  other,  has  conduced  to 
enlaT);ed  knowledge  and  verification  of  the  fundamental  relations  in  which  Iks 
individual  moleculea  atand  to  all  electric  phenomena,  culminating  recently  in  the 
actual  determinatioD,  by  J.  J.  Thomson  and  others  following  in  his  track,  of  the 
maeaea  and  velocities  of  the  particles  that  carry  the  electric  dischanro  across  the 
e:ihaunted  apace.  The  recent  investigations  of  the  circumstances  of  the  electiic 
diasnciation  produced  in  tbe  atmosphere  and  in  other  gases  by  ultra-violet  ilgbt, 
the  Rontgen  radiation,  and  other  agencies,  constitute  one  of  the  most  striking 
developments  in  experimental  molecular  phyeics  since  Graham  determined  tb* 
molecular  relations  of  gaseous  diffusion  and  transpiration  more  than  half  a  ceotnry 
ago.  Tliis  advance  in  experimental  knowledge  ol'  molecular  phenomena,  assistea 
by  the  discovery  of  the  precise  and  rational  elfect  of  magneliam  on  the  spectnim, 
has  brought  into  prominence  a  modiBcation  or  rather  development  o>  Maxwell's 
exposition  of  electric  theory,  which  woa  dictated  primarily  bv  the  K^iairemeota  of 
the  abstract  theory  itself;  the  atoms  or  ions  ate  now  delinitely  introduced  as 
tbe  carriers  of  those  electric  charges  which  interact  across  tbe  sther,  and  so  pro- 
duce the  electric  fields  whose  transformations  were  the  main  subject  of  the  original 
theory. 

We  are  thus  inevitably  led,  in  electric  and  (ethereal  theory,  as  in  the  chemistiy 
and  djnamica  of  the  gaseous  state  which  is  the  department  of  abstract  i^yocs 
next  in  order  of  simplicity,  to  the  consideration  of  the  individual  moleoilei  of 
matter.  The  theoretical  problems  which  had  come  clearly  into  view  a  qnarter  ot 
a  century  ago,  under  Maxwell's  leqd,  whether  in  the  exact  dynamical  relatMU 
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of  ffitherul  trmuniisuon  or  in  tfae  more  foTtuitous  domnui  of  the  statistics  of 
iDtenctingmoleculea, are  those  BTound  which  attention  iBetHlmaialjconcentmted; 
but  u  the  reeult  of  the  pro^TWa  in  each,  thej  are  now  tending  towards  consolida- 
tion into  one  subject.  I  propose — leaving  further  reriaw  of  the  scientific  aspect  of 
the  recent  enormous  derelopment  of  the  Rpplioationa  of  physical  science  for  hands 
more  competent  to  deal  wita  the  practical  side  of  that  subject — to  offer  some  re- 
marks on  tbe  scope  and  validity  of  this  molecular  order  of  ideas,  to  which  the 
trend  of  phyncal  ezplaaation  and  development  is  now  setting  in  so  pronounced  a 
manner. 

If  it  is  necessary  to  offer  an  apolofry  for  detaining  the  attention  of  the  Section 
on  so  abstract  a  topic,  I  can  plead  its  intrinde  philosophirail  importance.  The 
hesitation  so  long  felt  on  the  Continent  in  regard  to  discarding  the  highly  de* 
veloped  theories  which  analysed  all  physical  actions  into  direct  attract  ion  soetweeu 
the  separate  elements  of  the  bodies  concerned,  in  favour  of  a  new  metbnd  in  which 
our  ideas  are  carried  into  regions  dreper  than  the  phenomena,  has  now  given 
place  to  esfrer  discussion  of  the  potentialities  of  the  new  standpoint.  There  has 
even  appeared  a  disposition  to  consider  that  the  Newtonian  dynamical  priocipleH, 
which  nave  formed  the  basis  of  ph^iucal  explanation  fnr  nearly  two  centuries, 
must  be  replaced  in  these  deeper  euhjects  by  a  method  of  direct  description  of  the 
mere  course  of  phenomena,  apart  from  any  attempt  to  establish  causol  relations ; 
the  initiation  of  this  method  Wng  traced,  like  that  of  the  Newtonian  dynamics 
itself,  to  this  country.  The  question  has  arisen  as  to  how  far  the  new  methods 
of  Kchereal  physics  are  to  be  considered  as  an  independent  depsrture,  how  far 
they  form  the  natural  development  of  existing  dynamical  science.  In  England, 
whence  the  innovation  came,  it  is  tfae  more  conservative  position  that  has  all  alon)r 
been  occupied.  Maxwell  was  himself  trained  in  the  school  of  phyucs  established 
in  this  country  by  Sir  Oeorge  Stokes  and  I«rd  Kelvin,  in  which  the  dominating 
idea  has  been  that  of  the  strictly  dynamical  founrlation  of  all  physical  action. 
Although  the  pupil's  imagination  bridged  over  dynamical  chasms,  across  which 
the  master  was  not  always  able  to  follow,  yet  the  moat  striking  feature  of  Max- 
well's scheme  was  still  the  dynamical  framework  into  which  it  was  built.  Tho 
more  advanced  reformers  hsvo  now  thrown  overboard  the  apparatus  of  poten- 
tial functions  which  Maxwell  found  necessary  for  the  dynamical  consolidation  or 
his  theory,  retaining  only  the  final  result  As  a  verified  deccriplive  basis  for  tha 
phenomena.  In  this  way  all  difficulties  relating  to  dynamical  development  and 
indeed  consistency  are  avoided,  but  the  qneslion  remsins  as  to  how  much  is 
thereby  lost.  In  practical  electro-magnetics  the  transmission  of  power  is  now  the 
most  prominent  phenomenon  ;  if  formal  dynamics  is  put  aside  in  the  general 
theory,  its  guidance  must  here  be  replaced  by  some  more  empirics!  and  tenta- 
tive method  of  describing  the  course  of  the  transmission  and  transformation  of 
mechanical  energy  in  the  system. 

The  direct  recognition  in  some  form,  either  explicitly  or  tacitly,  of  tbe  part 
played  by  the  (ether  has  become  indispensable  to  tha  development  and  exposition 
of  general  physics  ever  since  the  discoveries  of  Herti  left  no  further  room  for  doubt 
that  this  physical  scheme  of  Maxwell  was  not  merely  a  brilliant- speculation,  but 
constituted,  in  spite  of  outstanding  ^aps  and  diificulties,  a  real  formulation  of  the 
underlying  unity  in  physical  dynamics.  The  domain  of  abstract  physics  is  in  fact 
roughly  divisible  into  two  regions.  In  one  of  them  we  are  mainly  concerned  with 
interactions  between  one  portion  of  matter  and  another  portion  occupying  a  dif- 
ferent position  in  space ;  such  interactions  have  very  uniform  and  comparatively 
eimple  relations ;  and  the  reason  is  traceable  to  the  simple  and  uniform  constitution 
of  tlie  intervening  medium  in  which  they  have  their  seat.  The  other  province  is 
that  in  which  the  distribution  of  the  material  molecules  comes  into  account.  Set- 
ting atide  the  ordinary  dynamics  of  matter  in  bulk,  which  is  founded  on  tho 
uniformity  of  the  properties  of  the  bodies  concerned  and  their  experimental  deter- 
mination, we  must  assij^  to  this  region  all  })henomena  which  are  concerned  with 
tbe  uncoordinated  notions  of  the  molecules,  including  tbe  range  of  thermal  and  in 
part  of  radiant  actions ;  the  only  possible  basis  for  detailed  theory  is  the  statistical 
dynamics  of  the  distribution  of  the  molMule*.    The  for  more  deep-seated  and 
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mystetioDs  proe^Mes  which  are  involved  io  cltaiiTes  in  the  constitution  of  the  indi- 
viUual  malecules  themeelve-i  are  mainly  outside  tbe  province  of  phybica,  vhii'h  is 
competent  to  reaMiii  only  about  permanent  laKterial  sysleinai  they  must  be  left  to 
the  sciences  of  chemistry  and  phyeiology.  Yet  the  chemist  proclaiibe  that  he  on 
determine  only  the  reEultn  of  bis  reactions  and  the  phystcat  conditions  under 
which  they  occur ;  the  character  of  the  bonds  which  hold  atoms  in  (heir  chemical 
combinations  is  at  present  unknown,  although  a  IsTf^a  domain  of  very  precise 
knowledge  relating-,  in  some  disgrammatic  manner,  to  the  topography  of  the 
more  complex  moleculen  has  betn  attained.  Tbe  vaet  structure  which  chemical 
science  has  in  this  way  raised  on  tbe  narrow  foundation  of  the  atomic  theory  is 
perhaps  the  moat  wonderrul  existing  illustration  both  of  the  rationality  of  natural 
processes  and  of  the  analytical  powers  of  the  human  mind.  In  a  word,  the  com- 
plication of  tlie  material  world  is  referable  to  the  vast  rauge  of  struclnre  and  of 
states  of  afrgregatioQ  in  llie  material  atoms;  while  tbe  possibility  of  a  science  of 
physics  is  largely  due  to  the  simplicity  of  coDstitution  of  the  uniTersol  medium 
through  which  the  individuHl  atoms  internet  on  each  other. 

The  refereoce  of  tbe  unlroriiiity  in  the  interactions  at  a  distance  between 
material  bodies  to  the  part  played  by  tlie  tether  is  a  step  towards  the  elimination 
of  extraneous  and  random  hypotheses  about  laws  of  attraction  between  atoms.  It 
a)so  places  (hat  mediuni  on  a  different  bads  from  matter,  in  that  its  mode  of 
activity  is  simple  and  regular,  whereas  intimate  mBt«rial  interactions  must  be  of 
illimitable  complexity.  This  gives  strong  ground  for  the  view  that  we  should  not 
be  tempted  towards  explaining  the  simple  grcup  of  relations  which  bave  been  found 
to  deline  the  activity  of  tbe  icther,  by  creating  tbem  as  mechanical  consequences  of 
concealed  structure  in  that  medium  ;  we  should  rather  rest  satisfied  with  having 
attained  to  tbeir  exact  dynnmtcal  correlation,  just  as  geometry  explores  or  corre- 
lates, without  expluning,  tbe  descriptive  and  metric  properties  of  space.  On  the 
otherliand.aviewis  upheld  which  considers  the  pressures  and  thrusts  of  theengineer, 
nnd  the  strains  and  stresses  in  the  material  structures  by  which  he  transmits  them 
from  one  place  to  another,  to  be  the  archetype  of  the  processes  by  which  all  mecha- 
nical elCect  is  transmitted  in  nature.  This  doctrine  implies  an  expectation  that  wa 
may  ultimately'  discover  eomething  analogous  to  structure  in  tbe  celestial  spaces, 
by  means  of  which  the  transmission  of  physical  effect  will  be  brought  into  line 
with  the  trsnemission  of  mechanical  effect  by  material  framework. 

At  a  time  when  the  only  definitely  ascertained  function  of  the  (ether  was  the 
undulatory  prop^alion  of  radiant  energy  ncross  space.  Lord  Kelvin  pointed  out 
that,  by  reason  of  the  very  great  velocity  of  propagation,  tbe  density  of  the  radiant 
energy  in  Che  medium  at  any  place  must  be  extremely  an^l  in  comparison  with  the 
amount  of  energy  that  is  transmitted  in  a  second  of  time :  this  easily  led  him  to  the 
very  striking  conclusion  that,  on  the  hypothesis  that  ihe  sther  is  like  material 
elastic  media,  it  is  not  necessary  to  assume  its  denait;  to  be  more  than  lO" 
of  that  of  water,  or  its  optical  rigiditv  to  be  more  than  ten  10^  of  that  of  steel 
or  glass.  Thus  far  the  rether  would  te  merely  an  impalpable  material  atmosjAere 
for  thij  traneferpnce  ofenei^  by  radiation,  ateitretnely  smaU  den^ties  bat  with  very 

Seat  speed,  while  ordinary  matter  would  be  the  seat  of  practically  all  this  energy. 
It  this  way  of  explaining  the  absence  of  sensible  influence  of  the  nther  on  t£e 
phenomeua  of  material  dynamics  lost  much  of  its  basis  as  soon  as  it  was  recognised 
that  the  snioe  medium  must  be  the  receptacle  of  very  hi(;b  denrities  of  energy  in 
the  electric  fields  around  currents  and  magnels.'    The  otliei  mode  of  explanation 

'  We  can  bere  only  allude  to  Lord  Kelvin's  recent  most  interesting  mechanical 
illns'.rations  of  a  solid  atber  interactinp-  with  toaterial  moleoales  and  with  itself  by 
attraction  at  a  distance :  nnlikc  the  generBti^Gd  dynamical  methods  expounded  in 
tbe  text,  wbich  ona  leave  the  intimate  <<tructuTe  of  the  material  moleocle  outside  the 
problem,  a  definite  working-  constitution  is  llierc  assigned  to  the  molecular  nnclevs. 
it  is  pointed  ont  in  a  continuation  that  is  to  appear  in  the  Phil.  Mag.  (or  September, 
that  a  density  of  Klher  of  the  order  of  only  10~',  which  woald  not  appreciably  oSect 
the  inertia  of  matter,  would  involve  rigidity  comparable  with  that  of  steel,  and 
thus  permit  transmission  ol  magnetic  forces  by  stress ;  this  solid  Eetbet  is  bowercr, 
ms  usual,  taken  to  be  freely  permeable  to  tbe  molecules  of  matter. 
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is  to  conudet  tlie  mtber  to  be  of  the  very  essence  of  all  phyncol  actioDS,  and  to 
eorrelaie  thti  abaeuce  of  obvious  mechanical  eridence  of  its  intorreutioo.  with  its 
n^lnrlt;  and  universality. 

On  this  plan  of  making  the  ffither  the  essential  factor  in  the  iraosfnrmation  of 
energy  as  nell  as  its  treusmisaioii  across  apace,  the  material  atom  must  be  some 
kind  of  permanent  nucleus  tbat  retaius  around  itself  an  tethereal  field  of  physical 
inQuence,  such  aa,  for  example,  a  field  of  strain.  We  can  recogniss  the  atom  only 
through  its  interactions  with  other  atoms  that  are  so  far  away  from  it  as  to  be 
practically  independent  systems;  thus  our  direct  knonledge  of  the  atom  will  be 
.  confined  to  this  Held  of  force  which  belongs  to  it.  Just  as  the  exploration  of  the 
distant  field  of  magnetic  influence  of  a  ateel  magnet,  itaelf  concealed  from  view, 
cannot  tell  us  anything  about  the  magnet  except  the  amount  and  direction  of  its 
moment,  so  a  practically  complete  knowledge  of  the  field  of  physical  infiuence  of 
an  atom  might  be  expressible  in  terms  of  the  numerical  values  of  a  limited  number 
of  physical  moments  associated  with  it,  without  any  revelation  as  to  its  essential 
atructure  or  constitution  bein?  involved.  This  will  at  any  rule  be  the  case  for 
ultimale  atoms  if,  as  is  most  likely,  the  distances  at  which  they  are  kept  apart  ftre 
large  compared  with  the  diameters  of  the  atomic  nuclei  j  it  in  fact  lorms  our  only 
chance  for  penetrating  to  definite  dynamical  views  of  molecular  structure.  So 
long  as  we  canoot  isolate  a  single  molecule,  but  must  deal  observationally  with  an 
innumerable  distribution  of  them,  even  this  kind  of  knowledge  will  be  largely  con- 
fined to  average  values.  But  the  last  half-century  has  witnessed  the  successful 
application  of  a  new  instrument  of  researcb,  which  has  removed  in  various  direc- 
tiona  the  limitations  that  hod  previously  been  placed  on  the  knowledge  to  which 
it  was  possible  for  human  effort  to  look  forward.  The  spectroscope  has  created  a 
new  astronomy  by  revealing  the  constitutions  and  the  unseen  internal  motions  of 
the  stars.  Its  power  lies  id  the  fact  that  it  does  lake  hold  of  thd  internal  relations 
of  the  individual  molecule  of  matler,  and  provide  a  \ery  definite  and  datailed, 
though  for  from  complete,  analysis  of  the  vibratory  motions  tbat  are  going  on  in  it ; 
these  vibrations  being  in  their  uonnat  state  characteristic  of  its  dynamical  consti- 
tution, and  io  their  deviations  from  the  nonunl  giving  indications  of  the  velocity 
of  its  movement  and  the  physical  sta<'e  of  its  environment.  Maxwell  long  ago  laid 
emphasis  on  the  fict  that  a  physical  atomic  theory  is  not  competent  even  to  con- 
template the  vast  mass  of  potentialities  and  correlations  of  the  past  and  the  future, 
that  biological  theory  has  to  consider  as  latent  in  a  single  organic  germ  containing 
at  most  only  a  few  million  molecules.  On  our  present  view  we  can  accept  his 
poaitioD  that  the  properties  of  such  a  body  cannot  be  those  of  a  '  purely  material 
system,'  provided,  however,  we  restrict  thi^  phroae  to  apply  to  physical  properties 
as  here  defined.  But  an  exhaustive  discoveiy  of  the  intimate  nature  of  the  atom 
is  beyond  the  scope  of  physics  ;  questions  as  to  whether  it  roust  not  neceesarilr 
involve  in  itself  some  image  of  the  complexity  of  the  organic  atructurea  of  which 
it  CSD  form  a  correlated  part  must  remain  a  subject  of  speculation  outside  the 
domain  of  that  science.  It  might  be  held  that  this  conception  of  discrete  atoms 
and  continuous  nther  really  stands,  like  those  of  space  and  lime,  in  intimate 
relation  with  our  modes  of  mental  apprehension,  into  which  any  consistent  picture 
of  the  external  world  most  of  necessity  be  fitted.  In  any  case  it  would  insolve 
abandonment  of  all  the  successful  traditions  of  our  subject  if  we  ceased  to  hold 
that  OUT  analysis  can  be  formulated  in  a  consistent  and  complete  manner,  so  far  as 
it  goes,  without  being  necessarily  an  exhaustive  account  of  phenomena  that  are 
beyond  our  range  of  experiment.  Such  phenomena  may  tie  more  closely  defined 
OS  those  connected  with  the  processes  of  iotimate  combination  of  the  molecules: 
they  ioclude  the  activities  of  organic  beings  which  all  eeem  to  depend  on  change 
of  molecular  structure. 

If,  then,  we  have  so  small  a  hold  on  the  intimate  nature  of  matter,  it  will  appear 
all  the  more  striking  that  physicists  have  been  able  precisely  to  divine  the  mode  of 
operation  of  the  iotangible  lether,  and  to  some  extent  explore  in  it  the  fields  of 
physical  influence  of  the  molecules.  On  consideration  we  recognise  that  thia 
knowledge  of  fundamental  physical  interaction  has  been  reached  by  a  comparative 
process.    The  mechanism  of  the  propagation  of  light  could  never  have  been  studied 
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ID  tho  free  Eether  of  ipoce  alone.  It  wm  possible,  however,  to  determiiie  tbe  way  in 
which  tha  chsract«nstic8  of  optic&l  proptg&tton  are  modified,  but  not  whoDy 
transformed,  when  it  takes  place  in  a  transpareDt  material  bodj  instead  of  emptv 
apace.  The  change  in  fact  arises  on  account  of  the  nther  bein?  entangled  wiui 
Uie  network  of  material  molecules;  but  inasmuch  as  the  lengtbof  a  single  ware  of 
radiationcoTere  thousands  of  these  molecules  the  wave'motioD  still  remains  uni- 
form and  does  not  lose  its  general  type.  A  wider  Tariation  of  the  experimenUl 
conditions  has  been  provided  for  our  examination  in  the  case  of  'Uiose  suhstancea 
in  which  the  uheaomenon  of  double  re&oction  pointed  to  a  change  of  the  ffitherMl 
properties  which  varied  in  different  directions;  and  minute  study  of  this  modifica- 
tion hu  proved  sufficient  to  guide  to  a  coDBisteot  appreciation  of  the  nature  of 
this  changt-,  and  therefore  of  the  mode  of  ethereal  propagation  that  is  thus  altered. 
In  tbe  same  waj,  it  was  the  stud;  and  development  of  the  manner  in  which  the 
lawsof  electric  phenomena  in  material  bodies  had  been  unravelled  bj  Ampire 
and  Faradaj,  that  guided  Fsrodaj  himself  and  Maxwell — who  were  impressed 
with  the  view  that  the  Eether  was  at  the  bottom  of  it  all —  in  their  piogreas  towards 
an  application  of  similar  laws  to  ffither  devoid  of  matter,  such  as  would  complete  a 
scheme  of  continuous  action  bj  consistentlj  interconnecting  the  material  bodies 
and  banishing  aU  uniroced  interaction  across  empty  space.  Maxwell  in  fact  chuee 
to  finally  expound  the  theory  by  ascribing  to  the  tether  of  free  space  a  dielectric 
constant  and  a  magnetic  constant  of  the  same  types  as  had  been  found  to  expreM 
the  properties  of  msterial  media,  thus  extending  the  seat  of  the  phenomena  to  all 
space  on  the  plan  of  describing  the  activity  of  the  (ether  in  terms  of  the  ordinary 
tilectric  ideas.  The  converse  mode  of  development,  starting  with  the  free  stber 
under  the  directly  dynamical  form  which  has  been  usual  in  physical  optics,  and 
introducing  tbe  influence  of  the  material  atoms  through  the  electric  charges  which 
are  involved  in  their  constitution,'  was  hardly  employed  by  him ;  in  part,  perhaps, 
because,  owine  to  the  necessity  of  correlating  his  theory  with  existing  electric 
knowledge  and  the  mode  of  its  expre^sbn,  he  seems  never  to  have  reached  the 
stage  of  moulding  it  into  a  completely  deductive  form. 

The  dj^amicsof  tbe  tether,  m  fact  the  rec<^it ion  of  theexistenee  of  annther, 
bos  thus,  as  a  matter  of  history,  been  reached  through  study  of  the  dynamical 
pheni^meua  of  matter.  When  the  dynamics  of  a  material  system  is  worked  up  to 
its  purest  and  most  general  form,  it  becomes  a  formulation  of  the  relations  between 
the  succession  of  the  conBgurations  and  states  of  motion  of  the  system,  the  assist- 
ance of  an  independent  idea  of  force  not  being  usually  required.  We  can,  however, 
only  attain  to  such  a  compact  statement  when  tbe  xysteai  is  self-contained,  when 
its  motion  is  not  being  dissipated  by  agencies  of  friciional  type,  and  when  its  con- 
nections can  be  directly  specified  by  purely  geometrical  relations  between  the 
coordinates,  thus  excluding  sucb  mechanisms  as  rolling  contacts.  The  coureeof  the 
system  is  then  in  all  cases  determined  by  some  form  or  other  of  a  single  fundamental 
pm^rty,  that  any  alteration  in  any  small  portion  of  its  actual  course  must  pnxlucA 
Kti  increase  in  the  total  'Action'  of  the  motion.  It  is  to  he  observed  that  in 
emploving  this  law  of  minimum  as  rejcarda  the  Action  expressed  as  an  integral 
over  the  whole  time  of  the  motion,  we  no  more  introduce  the  future  course  as  a 
determining  influence  on  the  present  slate  of  motion  than  we  do  in  drawing  a 
straight  line  from  any  point  in  any  direction,  although  the  length  of  the  line  is  the 
minimum  distance  between  its  ends.  In  drawing  the  line  piece  by  piece  we  have  to 
make  tentative  excursions  into  the  immediate  future  in  order  to  adjust  each  element 
into  atraigbtness  with  the  previous  element ;  so  in  tracing  the  next  stage  of  the 
motion  of  a  msterial  system  we  have  similarly  to  secure  that  it  is  not  given  any 
such  directions  as  would  unduly  increase  the  Action.  But  whatever  views  may 
be  held  aa  to  the  ultimate  significance  of  this  principle  of  Action,  its  importance, 

'  In  ISTO  Uaiwcll,  while  admiring  the  breadth  of  the  theory  of  Weber,  which  is 
virtually  based  on  atomic  cborfrcs  combined  with  action  at  a  distaiice,  still  regarded 
it  as  irreconcilable  with  bis  own  theory,  and  left  to  the  fntcre  the  questicn  as  to 
why  '  theories  apparently  so  fundamentally  opposed  should  have  so  large  a  field  ot 
truth  common  to  both.' — 'Scientiflo  Papers,'  ii.  p.  228, 
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sot  only  for  matlienialical  analysis,  but  aa  a  guide  to  plijaical  exploration,  remaina 
fundamental.  When  tlieprindpleBof  the  djnamics  of  material  aystema  are  refined 
down  to  their  ultimate  common  boaiB,  this  principle  of  miDimum  is  'what  remains. 
Hertz  preferred  to  expreas  ita  contents  in  the  form  of  a  principle  of  straiphtnesR  of 
course  or  path.  It  will  be  recognised,  on  the  lines  already  indicated,  that  this  is 
another  mode  of  statement  of  the  same  fundamental  idea ;  and  the  general  equiva- 
lence is  worked  ont  by  Hertz  on  the  basis  of  Hamilton's  development  of  the  prin- 
ciples of  djnamica.  The  latter  mode  of  atatemeot  may  be  adaptable  so  as  to  avoid 
the  limitations  which  restrict  the  connections  of  the  system,  at  tne  expense,  however, 
of  introducing  new  variables ;  if,  indeed,  it  does  not  introduce  gratuitous  complexilv 
for  purposes  of  physics  to  attempt  to  do  this.  However  thesa  questions  may  stand, 
this  pnncipie  of  straightness  or  directness  of  patb  forms,  wherever  it  applies,  the 
most  generaland  comprehensive  formulation  0*  purely  dynamical  action:  it  involves 
in  itself  the  complete  course  of  events.  In  so  far  as  we  are  ^ven  the  algebraic 
formula  for  the  time-integral  which  constitutes  the  Action,  expressed  in  terras  of 
any  suitable  coordinates,  we  know  implicitly  the  whole  dynamical  constitution  and 
lustory  of  the  system  to  which  it  applies.  Two  systems  in  which  the  Action  is 
expressed  by  the  same  formula  are  mathematically  identical,  are  physically  pre- 
cisely correlated,  so  that  they  have  all  dynamical  properties  in  common.  When 
the  structure  of  a  dynamical  system  is  largely  concealed  from  visw,  the  safest  and 
meat  direct  way  towards  an  ei^ploration  of  its  essential  relations  and  connections, 
•nd  in  fact  towarda  answering  the  prior  question  as  to  whether  it  is  a  purely 
dynamical  system  at  all,  ia  throngh  this  order  of  ideas.    The  ultimate  teat  that  a 

a  stem  is  a  dynamical  one  ia  not  that  we  shall  be  able  to  trace  mechanical  stresses 
touKhont  it,  but  that  its  reladona  can  be  in  some  wav  or  other  consolidated  into 
accordance  with  this  principle  of  minimum  Action.  This  definition  of  a  dynamical 
ayshim  in  terms  of  tbe  simple  principle  of  directness  of  path  may  conceivably  be 
subject  to  objection  as  too  wide;  it  is  certainly  not  too  narrow;  and  it  is  the 
conception  which  has  naturally  been  evolved  from  two  centuries  of  study  of  the 
dynamics  of  material  bodies.  Its  very  great  generality  may  lead  to  the  objection 
that  we  might  completely  formulate  the  future  course  of  a  system  in  its  terms,  with- 
out having  obtained  a  working  familiarity  with  its  details,  of  the  kind  to  which  wo 
have  become  accustomed  in  tbe  analysis  of  simple  material  systems ;  but  our  choice 
is  at  present  between  this  kind  of  formulation,  which  is  a  real  and  essectial  one, 
and  an  empirical  description  of  the  course  of  phenomena  combined  with  expla- 
nations relating  to  more  or  leas  isolated  groups.  Tbe  list  of  great  names,  inclading 
Kelvin,  Maxwell,  HelmhoUz,  that  have  been  aasociated  with  the  employment  of 
the  principle  for  the  elucidation  of  the  relations  of  deep-seated  dynamicd  pheno- 
mena, is  a  strong  guarantee  that  we  shall  do  well  by  making  the  most  of  thu  clue. 
Are  we  then  justified  in  treating  the  material  molecule,  so  far  as  revealed  by 
the  spectroscope,  as  a  dynamical  system,  coming  under  this  specification  P  Its 
intrinsic  energy  ia  certainly  permanent  and  not  subject  to  dissipation ;  otherwise 
the  molecule  would  gradually  fade  out  of  existence.  Tbe  extreme  precision  and 
regularity  of  detul  in  the  spectrum  shows  that  the  vibrations  which  produce  it 
are  exactly  synchronous,  whatever  be  their  amplitude,  and  in  so  far  resemble  the 
vibrations  of  small  amplitude  in  material  systems.  As  all  indications  point  to 
the  molecule  being  a  system  in  a  state  of  intrinsic  motion,  like  a  vortex  ring,  or  a 
stellar  system  in  astronomy,  we  must  consider  these  radiating  vibrations  to  take 
place  around  a  steady  state  of  motion  which  does  not  itself  radiate,  not  around  a 
■tAte  of  rest.  Now  not  the  least  of  the  advantages  possessed  by  the  Action  prin- 
ciple, SB  a  foundation  for  theoretical  physics,  is  the  fact  that  its  statement  can  be 
adapted  to  systems  involving  in  their  constitution  permanent  steady  motions  of 
this  kind,  in  such  a  way  that  onl^  the  variable  motions  superposed  on  them  come 
into  consideration.  The  possibihties  as  regards  phyucal  correlation  of  thus  intro- 
ducing permanent  motional  states  as  well  as  permanent  structure  into  the  con- 
stitution of  OUT  dynamical  syatecoa  have  long  been  emphasised  by  Lord  Kelvin ; ' 
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tlie  efli^tive  a^nptalloti  of  abstract  djnamica  to  such  eysteniB  was  made  inde- 
pendentlj  hy  Ktilvjn  end  Routb  about  1877;  tbe  more  recent  exposition  of  the 

theory  by  Tlelmlioltz  has  directed  general  attention  to  what  is  undoubtedly  tbe 
most  ai^iScant  extendoa  of  djnsinical  analysis  which  has  taken  place  since  the 
time  of  Lsftrange. 

Returning  to  the  molecules,  it  ia  now  verified  that  the  Action  principle  forms  ■ 
Talid  foundation  throug'hout  electrodynatnica  nnd  optics ;  the  introdaction  of  the 
lether  into  the  system  has  not  affected  its  application.  It  is  therefore  a  reasonable 
bypotbesis  that  the  principle  forms  an  allowable  foundation  for  the  dynamical 
analysis  of  the  radiant  vibrations  in  the  system  formed  by  a  ein^^Ie  molecule  and 
surrounding  sther;  and  the  knowledge  which  u  now  accumulating',  both  of  tbe 
orderly  grouping'  of  the  lines  of  the  spectrum  and  of  the  modifications  impressed 
on  these  lines  by  a  magnetic  field  or  by  the  density  of  the  matter  immediately 
surrounding  the  vibrating  molecule,  can  hardly  fail  to  be  fruitful  for  the  dynamical 
analysis  of  its  canatitution.  But  let  it  be  repeated  that  this  analysis  wontd  be 
complete  when  a  formula  for  the  dynamical  enerfry  of  the  molecule  is  obtained,  and 
would  go  no  deeper.  Starting  from  our  definitely  limited  definition  of  the  nature 
of  a  dynamical  system,  the  problem  is  merely  to  correlate  the  observed  relations  of 
the  periods  of  vibration  in  a  molecule,  when  it  has  come  into  a  et«ady  stute 
as  regards  constitucian  and  is  not  under  the  inflaence  of  intimate  encouBter  with 
other  molecules. 

It  mar  be  recalled  incidentally  that  the  generalised  MAiweU-Bollzmaiin 
principle  of  the  equable  distribution  of  the  acquired  store  of  kinetic  energy  of  the 
molecule,  among  its  various  possible  independent  types  of  motion,  is  based  directly 
on  the  validity  of  the  Action  principle  for  its  dynamics.  In  the  demonstrations 
usually  ofiered  the  molecule  is  considered  to  have  no  permanent  or  constitutive 
energy  of  internal  motion.  It  can,  however,  be  shown,  by  use  of  the  generalisa- 
tion aforesaid  of  tbe  Action  principle,  that  no  dL'srepaney  will  arise  on  that 
account.  Such  intrinsic  kinetic  energy  virtually  adds  on  to  the  potential  energiy  of 
the  system ;  and  the  remaining  or  acquired  part  of  the  kinetic  energy  of  the 
molecule  may  be  made  the  subject  of  tbe  same  train  of  reasoning  as  before. 

Let  us  now  return  to  the  general  question  whether  our  definition  of  a  dyna- 
mical system  may  not  be  too  wide.  As  a  case  in  point,  the  single  principle  of 
Action  has  been  shown  to  provide  a  definite  and  sufficient  basis  for  electro- 
dynamics ;  yet  when,  for  example,  one  armature  of  an  electric  motor  pulls  the 
other  after  it  without  material  contact,  and  so  transmits  mechanical  power, 
no  connection  between  them  is  indicated  by  tbe  principle  such  as  could  by  virtue 
of  internal  stress  transmit  the  pull.  The  essential  feature  of  the  transmisaion  of 
a  pull  by  stress  across  a  medium  is  that  each  element  of  volume  of  the  medium 
acts  by  itself,  independently  of  the  other  elements.  The  stress  excited  in  any 
element  depends  on  the  strain  or  other  displacement  occurring  in  that  element 
alone ;  and  the  mechanical  eflect  that  is  transmitted  is  considered  hs  an  extraneous 
force  applied  ot  one  place  in  the  medium,  and  passed  on  from  element  to  element 
through  these  internal  pressures  and  tractions  imtil  it  reaches  another  place.  We 
have,  however,  to  consider  two  atomic  electric  charges  as  being  themselves  some 
kind  of  strain  configurations  in  the  lether;  each  of  them  already  involves  an 
atmosphere  of  strain  in  the  surrounding  tether  which  is  part  of  its  essence,  and 
caoDOl  be  considered  apart  from  it ;  each  of  them  essentially  pervades  tbe  entire 
space,  though  on  account  of  its  invariable  character  we  consider  it  as  a  unit. 
Thus  we  appear  tJi  be  debarred  from  imagining  the  oether  to  act  as  an  elastic 
connection  which  is  merely  the  agent  of  transmission  of  a  pull  from  the  one 
nucleus  to  the  other,  because  there  are  already  stresses  belonging  to  and  consti- 
tuting an  Intrin^icpartof  tbe  terminal  electrons,  which  are  distributed  all  along  the 
medium.  Our  Action  criterion  of  a  dynamical  system,  in  fact,  allows  us  to  reason 
about  an  electron  as  a  single  thing,  notwithstanding  that  its  field  of  energy  is 
spread  over  the  whole  medium ;  it  ia  only  in  material  solid  bodies,  and  in  problems 

'  ■    ->      ' p....!..,       ■"on  of  the  molecule  ia  small  cumpar 

r  analysis  considers,  that  the  familiar 
B  stress  can  apply,    AVhateTei  view  may 
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tiltimately  com'mend  itsslf,  this  question  ie  ona  that  urgently  demands  deciaioD. 
A  VBTf  large  amount  of  effort  hu  been  expended  bj  Maxwell,  lielmholtz, 
UeaTtside,  Hertz,  and  otbar  authorities  in  the  attempt  to  express  thb  mechanical 
pheDomeoa  of  electrical  action  in  tetme  of  a  trausmittiiij;  stress.  The  analytical 
iBiults  up  to  a  cerlaia  point  bare  been  promieing',  most  strikingly  so  at  the 
begianing,  when  MazweU  esbkbliehed  the  matbemntlcal  Talidity  of  the  way  in 
which  Paradny  was  accustomed  to  represent  to  liiaiself  the  mechitnicFLl  interactions 
across  space,  in  terms  of  a  tension  along  the  lines  of  force  equilibrated  by  an  equal 
pressure  preTenting  their  expansion  sideways.  According  to  the  views  here  deve- 
loped, that  ideal  is  an  impossible  one;  if  this  could  be  established  to  general 
eatisraction  the  field  of  theoretical  discussion  would  be  much  simplitied. 

This  view  that  the  atom  of  matter  ia,  so  far  as  regards  physical  actions,  of 
the  nature  of  a  structure  in  the  sther  involving  an  Htmospbere  of  tcthereal  strain 
all  around  it,  not  a  small  body  which  exerts  direct  actions  at  a  distance  on 
other  atoms  according  to  extraneous  laws  of  force,  was  practically  foreign  to  the 
eighteenth  century,  when  mathematical  physics  was  modelled  on  the  Newtonian 
astronomy  and  dominated  by  its  splendid  success.  The  scheme  of  material 
dynamics,  as  finally  compactly  svstematised  by  Lngronge,  bad  thererore  no  direct 
relation  to  such  a  view,  although  it  baa  proved  wide  enough  to  include  it.  The 
remark  has  often  been  made  that  it  ia  probably  owing  to  Faraday's  mathemadcal 
instinct,  combined  withbiswant  of  acquaintance  with  the  exiating  analysis,  that  the 
modern  theory  of  the  »ther  obttuned  a  start  from  the  electric  side.  Through  his 
teaching  and  the  weight  of  his  authority,  the  notion  of  two  electric  currents 
exerting  their  mutual  forces  by  means  of  an  intervening  medium,  instead  of  by 
direct  attraction  across  space,  was  at  an  early  period  £rmly  grasped  in  this 
country.  In  liib  Lord  Kelvin  was  already  mathematically  formulating,  with 
most  suggestive  succeee,  continuous  elastic  connections,  by  whose  strain  the  fields 
of  activity  of  electric  currents  or  of  electric  distributions  could  be  illustrated; 
while  the  eipoution  of  Maxwell's  interconnected  scheme,  in  the  earlier  form  in 
which  it  reliffll  on  concrete  models  of  the  electric  action,  goes  back  almost  to  1860. 
Corresponding  to  the  two  physical  ideals  of  isolated  atoms  exerting  attraction  at 
a  distance,  and  atoms  operating  by  ntmoapheres  of  cethereal  strain,  there  are,  as 
already  indicated,  two  different  developments  of  dynamical  theory.  The  original 
Newtonian  equations  of  motion  determined  the  course  of  a  system  by  expreesing 
the  rates  at  which  the  velocity  of  each  of  its  small  psrts  or  elements  is  changing. 
This  method  ia  still  fully  applicable  to  those  problems  of  gravitational  astronomy 
in  which  dynamical  explanation  was  first  aucceraful  on  a  grand  scale,  the  planets 
being  treated  as  point-masaes,  each  subject  to  the  gravitational  attractJon  of  the 
other  bodies.  But  the  more  recent  development  of  the  dynamics  of  complex 
systems  depends  on  the  fact  that  analysis  Ems  been  able  to  reduce  within  manageable 
limits  the  number  of  varying  quantities  whose  course  is  to  be  explicitly  traced, 
through  taking  advantage  of  those  internal  relations  of  the  ports  of  the  system  that 
ore  invariable,  either  geometrically  or  djaamically.  Thus,  to  take  the  simplest 
case,  the  dynamics  of  a  solid  body  can  be  confined  to  a  discuasinn  of  its  tiiree  com- 
ponents of  translation  and  its  three  components  of  rotation,  instead  of  Ihe  motion 
of  each  element  of  ita  mass.  With  the  number  of  independent  coordinates  thus 
diminished,  when  the  initial  state  of  the  motion  is  speinfiea  the  subsec|uent  course  of 
the  complete  system  can  be  traced ;  but  tbe  course  of  the  changes  in  any  part  of 
it  can  only  be  treated  in  relation  to  the  motion  of  the  system  as  a  whole.  It  is  just 
this  mode  of  treatment  of  a  system  as  a  whole  that  is  the  main  characteristic  of 
modern  physical  analysis.  The  way  in  which  Maxvrall  analvsed  the  interactions 
of  a  system  of  linear  electric  currents,  previously  treated  as  it  each  were  made  up 
of  small  independeut  pieces  or  elements,  and  accumulated  the  evidence  that  they 
formed  a  single  dynamical  system,  is  a  trenchant  example.  The  intamctioDS  of 
vortices  in  fluid  form  a  very  similar  problem,  which  is  of  special  note  in  that  tbe 
constitution  of  the  ayetem  is  there  completely  known  in  advance,  so  that  the  two 
modes  of  dynamical  exposition  csn  be  compared.  In  this  case  tbe  older  method 
forma  independent  equatdons  for  the  motion  of  each  material  element  of  the  fiuid, 
aud  60  requires  the  introduction  of  the  stresa— here  the  fluid  pressure— by  which 
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dynamical  effect  le  t«£sed  on  to  it  fTom  the  BnxrotuidiDg  elements :  It  cotteepauii 
to  a  method  of  contact  action.  Bnt  Helmholtz  opened  up  new  (iTOund  in  the  abstract 
dynamics  of  continuous  media  when  he  recosnued  (after  Stokea)  that,  if  the  dis- 
Uibation  of  tha  velocity  of  spin  at  those  places  in  the  fluid  where  the  motion 
is  Tortical  be  assigned,  the  motion  in  STery  part  of  the  fluid  is  therein  kLoemati- 
cally  inToIved.  This,  combined  with  the  theorem  of  Lagrange  and  Cauchy,  that 
the  apio  is  always  confined  to  the  same  portions  of  the  Uuid,  formed  a  startii^E' 
point  for  his  theory  of  vortices,  which  showed  how  the  subsequent  course  of  the 
motion  can  be  locartaiDed  without  consideration  of  preasure  or  other  stress. 

The  recognition  of  the  permanent  etata  of  motion  constituting  a  Tortez  ring  la 
a  determining  agent  as  regards  the  future  course  of  the  system  was  in  fact  justly 
Gonddered  by  Helmholtz  aa  one  of  his  greatest  achieTementa.  The  principle  had 
entirety  eluded  the  attention  of  Lagrange  and  Cauchy  and  Stokes,  who  wei«  the 
pioneers  in  this  fundamental  branch  of  dynamics,  and  had  virtually  prepared  all 
the  necessary  analytical  material  for  Helmholtz's  use.  The  main  import  of  this 
advance  lay,  not  in  the  assistance  which  it  afforded  to  the  development  of  the 
complete  solution  of  special  problems  in  fluid  motion,  but  in  the  fact  that  it  con- 
stituted the  discovery  of  the  types  of  permanent  motion  of  the  Bvstem,  which  could 
combine  and  interact  with  each  other  without  losing  their  iniuviduality,'  though 
each  of  them  pervaded  the  whole  field.  This  rendered  possible  an  entirely  new 
mode  of  treatment ;  and  mathematieians  who  were  accustomed,  as  in  astronomy, 
to  aim  directly  at  the  determination  of  all  the  details  of  the  special  caae  of  motion, 
were  occasionally  slow  to  apprehend  the  advantages  of  a  procedure  which  stopped 
at  formulating  a  description  of  the  nature  of  the  interaction  between  various 
typical  groups  of  motions  into  which  the  whole  disturbance  could  be  resolved. 

The  new  traio  of  ideas  introduced  into  physics  by  Faraday  was  thus  consolidated 
and  emphssiaed  by  HelmholUi's  infestigations  of  1658  in  the  special  domain  of  hydro- 
dynamics. In  illustration  let  us  consider  the  Quid  medium  to  be  pervaded  by  per- 
manent vortices  circulating  round  solid  rings  as  cores ;  the  older  method  of  anaWsis 
vould  form  equations  of  motjon  for  each  element  of  the  fluid,  involving  the  fluid 
pressure,  and  by  their  integration  would  determine  the  distribution  of  pressure  on 
each  solid  ring,  and  thence  the  way  it  moves.  This  method  is  hardly  feasible  even 
in  the  simplest  cases.  The  natural  plan  is  to  make  use  of  existingsimpliflcationH  by 
regarding  each  vortex  as  a  permanent  rsality,  and  directly  attacking  the  problem 
of  Its  interactions  with  the  other  vortices,  The  energy  of  the  fluid  ansing  from  the 
rortex  motion  can  be  expressed  in  terms  of  the  poBitions  and  strengths  of  the  vor- 
tices alone ;  and  then  the  principle  of  Action,  in  the  generalised  form  which 
includes  steady  motional  conSguiations  as  well  as  constant  material  confignni' 
tions,  affords  a  method  of  deducing  ^the  motjons  of  the  cores  uid  the  interacdona 
between  them.  If  the  cores  are  thin  they  in  fact  interact  mechanically,  as  Lord 
Kelvin  and  KirchhoS'  proved,  in  the  same  manner  as  linear  electric  currents  would 
do ;  though  the  impulse  thence  derived  towards  a  direct  hydro-kinetic  explaoaticm 
of  electnMnBgnetJcs  was  damped  by  the  fact  that  repulsion  and  attraction  have  to 
be  interchanged  in  the  aoalogy.  The  conception  of  vortices,  once  it  has  bean 
arrived  at,  forms  the  natural  phyrical  basis  of  investigation,  although  the  older 
method  of  determining  a  distribution  of  pressure-stress  throughout  the  fluid  and 
examining  how  it  affects  the  cores  is  still  possible ;  that  streas,  however,  is  not  rimply 
transmitted,  asit  hasto  maintain  thecbanges  of  velocity  of  thevarious  portions  of  the 
ttuid.  But  if  the  vortices  have  no  solid  cores  we  aie  at  a  loss  to  know  where  even  this 
pressure  can  be  considered  as  applied  to  them ;  if  we  follow  up  the  stress,  we  lose 
the  vortex ;  yet  a  fluid  vortex  can  nevertheless  illustrate  an  atom  of  matter,  and  we 
can  connidersuchatams  as  exerting  mutual  forces,  only  theee  forces  cannot  be  coaU' 
dered  as  transmitted  through  the  agency  of  fluid  pressure.  The  reason  is  that  the 
vortex  cannot  now  be  identified  with  a  mere  core  bounded  by  a  deflnita  surface,  but 
is  essentielly  a  confi^unition  of  motion  extending  throughout  the  medium. 

Thus  we  are  agam  in  face  of  the  fundamental  question  whether  all  attempts  to 
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np  rawDt  the  mecluuiickl  iDtenctions  of  •leotro-dyiiMmc  BjBtBma,  is  tniumitted  firoin 
point  to  point  by  mesiu  of  niuple  BtnM,  tre  not  doomed  to  fidlam ;  whether  the^ 
do  not,  in  fact,  introdQCa  nnneceflNuj  and  insunnonDtable  difficnltj  into  the  theory. 
The  idea  of  idmtifyipgan  atom  with  a  state  of  strain  ot  motion,  pervading  the  region 
of  the  nthei  around  its  nocleua,  appean  to  demand  wider  riom  aa  to  what  conttitatea 
dTnamical  tiansmiinon.  The  idea  that  any  email  portion  of  the  primoidial 
mediom  can  be  iaolated,  hj  merelj  introducing  tractioni  acting  orer  ita  anrfaca  and 
transmitted  from  the  ■orntiuiding  parte,  ia  no  longer  appropnate  or  connatent :  a 
part  of  the  dynamical  diatorbaDCe  in  that  element  of  the  medium  i«  on  thia  hjpo- 
thaoia  already  dnseified  aa  belonraig  to,  and  carried  along  with,  atomi  that  are 
ontaide  it  bat  in  ita  nughboiirhoM — and  thia  part  moat  not  be  counted  twice  over. 
The  law  of  Pojnting  Mating  to  tlie  patha  of  the  Iranamiaaion  of  enwgy  ia  known  to 
hold  in  ita  simple  form  only  wbea  the  elaetrio  chaigaa  or  cnrrents  are  in  a  ateadr 
state ;  when  thej  ar«  chawing  their  poiitiona  or  coi^aralioiia  their  own  fields  of 
intrinsic  energy  are  eaniea  araw  wiUi  them. 

It  ia  not  snrprifling,  conaiaeriDg  tlie  preriona  British  Euniliaritj'  with  Uiia 
order  of  ideas,  that  the  aigntflcanca  for  general  physics  of  Halmholti'a  doctrine  of 
vorticee  was  eagerly  developed  b  this  country,  in  the  form  in  which  it  became 
embodied  through  Lord  Kelvin's  fiunoue  illiutration  of  the  conatitution  of 
matter,  aa  consisting  of  atoms  with  separate  existence  and  mutoal  interactions. 
This  Tortez-Htom  theory  has  been  a  main  source  of  phyaicsl  suggestion  because 
it  presents,  on  a  simple  basis,  a  djnamicsl  picture  or  an  ideal  material  system, 
atomically  constituted,  which  could  go  on  automatically  witboat  eztraneooa  snp- 
port._  The  value  of  such  a  picture  may  be  held  to  tie,  not  in  any  supposition  that 
this  i*  the  mechanism  of  the  actual  world  laid  bare,  but  in  the  virid  illustration 
it  affords  of  the  fundamental  postulate  of  phnical  science,  that  mechanical 
phenomena  are  not  parts  of  a  scheme  too  involvea  for  us  to  explore,  but  rather 
present  themselves  in  definite  and  consistent  correlations,  which  we  are  able  to  die- 
entangle  and  apprehend  with  continually  increasing  precision. 

It  would  be  BQ  intereeting  question  to  trace  the  origin  of  our  preference  for  a 
theory  of  transmission  of  physical  action  over  one  of  cQract  action  at  a  distance. 
It  may  be  held  that  it  rests  on  the  same  order  of  ideas  as  supplies  our  conception 
of  force  i  that  the  notion  of  effort  which  we  associate  with  change  of  the  motion 
of  a  body  involves  the  idea  of  a  mechanical  connection  through  which  that  eflbit 
is  applied.  The  mere  idea  of  a  transmitting  medium  would  then  be  no  more  an 
ultimate  foundation  for  physical  explanation  than  that  of  force  itself.  Our  choice 
between  direct  distance  action  and  mediate  transmission  would  thus  be  dictated 
by  the  relative  simplicity  and  coherence  of  the  amounts  they  give  of  the 
puenomena :  this  is,  iu  &ct,  the  basis  on  whioh  Maxwell's  theory  had  to  he  judged 
nntil  Heriz  detected  the  actual  worsting  of  the  medium.  Inxtantanenua  tmns'Dts- 
sion  is  to  all  intents  action  at  a  distance,  except  in  so  far  as  the  law  of  action  may 
b«  more  easily  formul&ted  in  terms  of  the  medium  than  in  a  direct  geometricu 
statement. 

In  connection  with  theaa  questions  it  ma?  be  permitted  to  refer  to  the  eloquent 
and  weighty  address  recently  delivered  by  M.  FoiocarA  to  the  International  Ooo- 
gross  of  Physici.  M.  Poincar^  accepts  the  principle  of  Least  Action  aa  a 
reliable  buis  for  the  formulation  of  physieal  theory,  iHit  he  imposes  the  condition 
that  the  results  must  satisfy  the  Newtonian  Isw  of  equality  of  action  and 
reaction  between  each  pur  of  bodies  concerned,  considered  by  themselves; 
this,  however,  he  woula  allow  to  be  sstisfied  indirectly,  if  the  sfTeels  could 
be  traced  acrcae  the  intervening  ather  by  stress,  so  that  the  tractions  on  the 
two  sides  of  each  ideal  interface  are  equal  and  opposite.'  As  above  argued, 
this  viov  appears  to  exclude  ab  initio  sll  atomic  theories  of  the  general  type 
of  vortex  stems,  in  which  tiie  energy  of  the  atom  is  distributed  throughout 

■  O^.alsoHertzoatbeelectro-magnetieeqaatlons,  §  12,  THdi.  ^nn.,  1690.  [The 
standpoint  of  Hertz's  posthumous  Ifeotanit  approximates,  however,  to  that  liere 
maintained.]  The  problem  of  merely  replacintr  a  system  of  forces  by  a  statical  stress 
ia  widely  indeterminate,  and  therefore  by  itself  unreal ;  the  aotnal  quest' 
whether  any  ench  representation  can  be  ooordinated  with  existiag  dynamics. 

1900.  II    )glc 
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tbe  madiam  inotead  of  beia^  eaoeentrated  in  «  noeleoa ;  tod  thu  remark  seema  to 
go  to  the  root  of  the  question.  On  the  other  hand,  the  position  here  asserted  is 
that  recent  dynamical  deTelapmentK  have  permitted  the  extension  of  the  principle  . 
of  Action  to  systems  involTing  permnnent  mntioos,  whether  obTJoua  or  latent,  as 
part  of  their  coostiCntion  i  that  on  this  wider  basis  tbe  atom  ma;  itself  involve  a 
state  of  stead;  disturbance  extending  tbmug'h  the  medium,  instead  of  being  onlj  a 
local  structure  acting  bjpush  and  pull.  The  poBsilulitlea  of  djnamical  explaDation 
are  thus  enlarged.  Tbe  most  deGuite  type  of  mr>de]  yet  imacined  of  the  physical 
interaction  of  atoms  tbrough  the  ether  is,  perhaps,  that  which  talies  the  ether  to 
be  a  rotationally  elastic  medium  after  the  manner  of  MacCuIlagh  and  Ranltine, 
and  makes  the  ultimate  atom  include  the  nucleus  of  a  permaneot  rotational  straia- 
oonfienratioii,  which  as  a  whole  may  be  called  an  elecbnn.  Tlie  questioa  how  far 
this  IS  a  Intimate  and  effective  model  Btands  by  itself,  apart  from  the  dynamics 
which  it  iuustratea ;  like  all  repreeentations  it  can  only  cover  a  limited  gronnd. 
For  iDstance,  it  cannot  claim  to  include  the  iotemal  structure  of  tbe  nucleus  of  an 
atom  or  even  of  an  electron  ;forpurpoHes  of  physical  theory  that  problem  caabepnt 
aside,  it  may  even  be  treated  as  inscrutable.  All  that  is  needod  is  a  postoLattt  of 
free  mobility  oftbis  nucleus  through  tbe  nther.  This  isdeSnitety  hypothetical,  but 
it  is  not  an  unreasonable  postulate  because  a  rotational  aether  Las  the  properties  of 
a  perfect  fluid  medium  except  where  diflerentially  rotational  motions  are  concerned, 
and  so  would  not  react  on  the  motion  of  any  structure  moving  through  it  ezcMit 
after  tbe  manner  of  on  apparent  change  of  inertia.  It  thus  seems  pouible  to  hold 
that  such  a  model  forms  an  allowable  representation  of  the  dynamical  activity  of 
tbe  letlieT,  as  disdnguiEhed  from  the  completa  cooatitution  of  the  material  naclu 
between  which  that  medium  establishes  connectioa. 

At  any  rate,  models  of  this  nature  have  certuoly  been  most  helpful  in  Ifax- 
wall'a  hands  towards  the  effective  intuitive  grasp  of  a  scheme  of  relations  as  a 
whole,  which  might  have  proved  too  complex  for  abstract  unravelment  in  detaJL 
When  a  physical  model  of  concealod  dynamical  processes  has  served  this  kind  of 
pnrpose,  when  its  content  has  been  explored  and  estiolated,  and  has  become 
familiar  through  the  introduction  of  new  terms  and  ideas,  then  tlie  ladder  hj 
which  we  have  ascended  may  be  kicked  away,  and  the  scheme  of  relations  wbidi 
the  model  embodied  can  stand  forth  in  eevsrel^  abstract  form.  Indeed  laaj  of 
tbe  most  fruitful  brancbeaof  abstract  mathematical  analyras  itself  have  owed  tadr 
start  in  this  way  to  concrete  phvsical  conceptions.  This  gradual  transition  into 
abstract  statement  of  physicftl  relations  in  fact  amounts  to  retuning  the  essentials 
of  our  working  models  while  elimbating  the  accidental  elements  involved  in 
them ;  elements  of  the  latter  kind  must  always  be  present  because  otherwise  the 
model  would  be  identical  with  the  thing  which  it  represents,  wbereas  we  caimot 
expect  to  mentally  grasp  all  aspects  of  the  content  of  even  tbe  simplest  phenomena. 
Yet  tbe  abstract  standpoint  is  always  attained  through  the  concrete ;  and  for 
puiTKiseB  of  instruction  such  models,  properly  guarded,  do  not  perhaps  over  lose 
their  value:  ihey  are  just  as  legitimate  aids  as  geometrical  diagrams,  and  they 
have  tbe  same  kind  of  limitntione.  In  Maxwell's  words,  '  for  the  sake  of  persona 
of  these  ditferent  types  scientific  truth  should  be  presented  in  different  forms,  and 
should  be  regarded  as  equally  scientific  whether  it  appear  in  the  robust  form  and 
the  vivid  colouring  of  a  physical  illustration,  or  in  the  tenuity  and  paleness  of  a 
symbolical  eipresKion.'  The  other  side  of  the  picture,  the  necessary  incomplete- 
ness of  even  our  legitimate  images  and  modes  of  representation,  comes  out  m  the 
despairing  opinion  of  Young  ('  Chromatics,'  1817).  at  a  time  when  his  faith  in  the 
undulatory  theory  of  light  had  been  eclipsed  bv  Malus's  discovery  of  tbe  pheno- 
mena of  polarisation  by  reflection,  that  this  di&mlty  '  will  probably  long  remain, 
to  mortify  the  vanity  of  an  ambitious  philosophy,  completely  unresolved  hj  any 
theory: '  not  many  years  afterwards  the  mystery  was  solved  by  Fresnel. 

This  process  of  removing  the  iutellectiial  KsSblding  by  wluch  our  knowledge 
is  reached,  end  preserving  only  the  Stiel  formula}  which  express  the  oarrelatians 
of.tba  ^iractly  observable  things,  may  moreover  readily  be  puijied  too  for.  It 
aaseitB  the  conception  that  the_univGrse  is  Uke  an  enclosed  dock  that  is  wound  up 
to  go,  and  that  accordingly  we  can  observe  that  it  is  going,  and  can  see  some  of 
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iU  more  superGcuJ  iDO*em«nts,  but  not  moelk  of  them ;  that  tbue,  iy  patient  obser- 
Tatioii  and  uae  of  analog?,  we  can  compile,  in  merelj  tabular  form,  information  lu 
to  the  manner  Id  which  it  works  and  ie  iikelj  to  eo  ao  workinr,  at  bdj  rate  for 
some  time  to  come ;  but  that  an;  attempt  to  probe  the  underljing  connection  is 
illusorj  or  ill^itimate.  Ah  a  theoretical  precept  this  is  admirable.  It  miuimieea 
the  danger  of  our  ignorinjr  or  forgetting  the  limitations  of  human  faculty,  which 
can  onlj  utilise  the  imperfect  representationa  that  the  external  world  impreetes  on 
our  BenBBS.  On  the  other  hand  such  a  reminder  has  rarely  been  required  bj  the 
master  minds  of  modem  science,  from  Defcartes  and  Newton  onwards,  whatever 
their  theories  ma;  hare  been.  Its  danger  as  a  do^a  liea  in  its  application. 
"Who  is  to  decide,  without  risk  of  error,  what  is  Gsaential  fact  and  what  is  intellec 
tual  ecaflbldJng  ?    To  which  class  does  the  atomic  theory  of  matter  belong  T   Thai 


it,  indeed,  one  of  the  intangible  thbgs  which  it  is  suggested  may  be  thrown 

board  in  sorting  out  and  classifying  our  scientific  possessions.     Is  the  menta_ 

or  image,  which  suggests,  and  ^one  can  suggest,  the  experiment  that  adds  to  our 


^  knowledge,  less  real  thao  the  bare  phenomenal  anifonnity  which  it  has 

revealed  P    Is  it  not,  perhaps,  more  real  in  that  the  uniformities  might  not  have 
been  there  in  the  abetince  of  the  mind  to  perceive  them  P 

No  time  is  now  left  for  review  of  the  methods  of  moIecalaT  dynamics. 
Here  our  knowledge  is  entirely  confined  to  steady  states  of  the  molecular  system : 
it  is  purely  statical.  In  ordinary  etaUcs  and  the  dynamics  of  undisturbed 
steady  notions,  the  form  of  the  energy  function  is  the  sufficient  basis  of  the 
whole  subject.  This  method  ie  extended  to  thermo-dynamict  by  making  use  of 
the  mechanically  available  en>>rgy  of  Rankine  and  Kelvin,  which  is  a  function  of 
the  bodily  conliguration  and  chemical  conatitution  and  temperature  of  the  svstem, 
whose  value  cannot  under  any  circumstances  spontaneously  iucrea«e,  while  it 
will  diminish  in  any  operation  which  is  not  reversible.  In  the  statics  of  systems 
in  equilibrium  or  in  steady  motion,  this  method  of  energy  is  a  particular  case  of 
the  method  of  Action ;  but  in  its  extension  to  thermal  statics  it  is  made  to  include 
chemical  as  well  as  eonfigurational  changes,  and  a  new  point  appears  to  arise. 
Whether  we  do  or  do  not  take  it  to  be  poesihle  to  trace  the  application  of  the 
principle  of  Action  throughout  the  process  of  chemical  combination  of  two  mole- 
cules, we  certainly  here  postulate  that  the  static  case  of  that  principle,  which 
applies  to  steady  aystems,  can  be  extended  across  chemical  comhinatioDi>.  Tbe 
question  is  BUgeested  whether  axtensloo  would  also  be  valid  to  trans rormations 
which  involve  vital  |)rocesses.  This  seems  to  be  still  conudered  an  open  question 
by  tbe  best  authorities.  If  it  be  decided  in  the  negative  a  distinction  is  involved 
between  vital  and  merely  chemical  processes. 

It  is  now  taken  as  established  that  vital  activity  cannot  create  energy,  at  any 
rate  in  the  long  run  which  is  all  that  can  from  the  nature  of  the  case  he  tested. 
It  seems  not  unreasonable  to  foUow  the  analogy  of  chemical  -actions,  and  assert 
that  it  cannot  in  the  long  run  increase  the  mechanical  availability  of  energy — that 
is,  consideriog  the  organism  oa  an  apparatus  for  translbrming  energy  without 
bebg  itself  in  the  long  run  changed.  But  we  canitnt  establish  a  Camot  cycle  for 
a  portion  of  an  organism,  nor  can  we  do  so  for  a  limited  period  of  time ;  there 
might  be  creation  of  availability  ace  mpanied  by  changes  in  the  organism  itself, 
but  compensated  by  destruction  and  tbe  inverse  changes  a  long  time  a^erwards. 
This  amounts  to  asserting  that  where,  as  in  a  vital  system  or  even  in  a  simple 
molecular  combination,  we  are  unable  to  trace  or  even  assurt  complete  dynamical 
sequence,  exsct  thermodynamic  statements  should  be  mainly  confined  to  the 
activity  of  the  existing  organism  aaa  whole;  it  may  transform  inorganic  material 
without  change  of  energy  and  without  gain  of  availability,  although  any  such 
statements  would  be  inappropriate  and  unmeaning  as  regards  the  details  of  tjie 
pnjcesses  that  take  place  inside  tbe  organism  iteelf. 

In  oD^  ease  it  would  appear  that  there  is  small  chance  of  reducing  these  ques- 
tione  to  direct  dynamics ;  we  should,  rather  regard  Camot's  principle,  which  in- 
cludes the  law  of  uniformity  of  temperature  and  is  the  basis  of  the  whole  theory, 
as  &  property  of  etatistioal  type  conined  to  stable  ot  permooent  aggregations  o( 
mattfer.    Thus  no  d7i)Miuc«lpTODf&t>iaaioleoalaiooii^d«rati(Hiscoufa  be  regarded 
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u  valid  nnleM  it  explicillr  Teatricted  ths  argument  to  jwrnuneot  BjEtenu ;  7et 
the  condition*  of  pennuiencj  ua  unknawQ  except  in  tlie  iiinpler  casea.  The  onlj 
mods  of  diKiuflion  that  is  jet  pOMible  is  the  mothod  of  dynamical  statisticB  of  mole- 
cules introduced  br  Mazwall.  Now  statiatica  is  a  ineUiod  of  arrangement  nther 
than  of  demoQstration.  Ever^  statistical  argument  requires  to  he  veriGed  b^  com- 
parison with  the  facts,  because  it  ia  of  the  esfence  of  this  method  to  talie  things  tu 
fortuitously  distributed  except  in  so  far  as  we  know  the  contrary;  and  we  simply 
may  not  know  enential  fact«  to  the  contrary.  For  example,  if  the  interaction  of 
the  Eether  or  other  cause  produces  no  influence  to  the  contrsTT,  the  presumption 
would  be  that  the  kinetic  ene^y  acquired  hy  a  molecule  is,  on  tne  average,  equally 
distributed  among  ita  various  independent  modes  of  motion,  whether  vibrationU 
or  translational.  Assuming  this  type  of  di^ribution  to  be  once  established  in  a 
gaseous  system,  the  dynamics  of  Boltzmann  and  Uaxwell  show  that  it  must  be 
permanent.  But  its  aasumption  in  the  tirst  instance  is  a  result  ratber  of  the 
absence  than  of  the  presence  of  knowledge  of  the  circumstances,  and  can  be 
accepted  only  so  far  as  it  agrees  with  the  facts ;  our  knowledge  of  the  facia  of 
specitic  heat  ahowe  that  it  must  be  restricted  to  modea  of  matian  that  are  homo- 
logous, in  the  words  of  Maxwell,  when  he  first  discovered  in  1860,  to  his  great 
Burprise,  that  in  a  system  of  colliding  rigid  atoms  the  energy  would  always  be 
equally  divided  between  translatory  and  rotatory  motions,  it  is  onlf  neceasary  to 
■esume,  in  order  to  evade  thia  unwelcome  conclusion,  that '  something  essential  to 
the  complete  statement  of  the  phyucal  theory  of  molecular  encounters  must  have 
liitiierto  escaped  us.' 

Our  survey  thus  tends  to  the  result,  that  as  regards  the  simple  and  uniform 
phenomena  which  involve  activity  of  finite  r^ons  of  the  universal  aether, 
theoretical  phydcs  can  lay  claim  to  constructive  functions,  and  can  build  up  a 
definite  scheme ;  but  in  the  domain  of  matter  the  moat  that  it  can  do  is  to  accept 
the  existence  of  such  permsnent  molecular  systems  as  present  themselves  to  our 
notice,  and  fit  together  an  outline  plan  of  the  more  general  and  universal  features 
in  their  activity.  Our  well-founded  belief  in  the  rationality  of  natural  processea 
asaerta  the  possibility  of  this,  while  atlmitling  that  the  intimate  details  of  atomic 
conaUtutton  are  beyond  our  scrutiny  and  provide  plenty  of  room  for  proCMSes  that 
transcend  finite  dynamical  correlation. 


The  following  Papers  wer*  read : — 
1.  Note  on  M.  Cremieu't  Experiment.    By  Proi  G.  F.  FitzOebald,  F.S.S. 

M  Cremieu  has  shown  that,  if  his  experimental  methods  can  bear  criticisie  as 
well  as  they  seem  to  do,  there  is  no  induced  electmmotiva  force  on  a  coil  of  wire 
surrounding  a  rotating  diK  when  the  strength  of  an  electric  charge  on  the  disc  is 
changing.  He  has  deduced  from  thia  the  conclusion  that  there  is  no  magnetic 
induction  through  the  disc  due  to  the  moving  charge  such  as  Rowland's  experi- 
ments showed.  This  note  ia  to  point  out  that  too  little  is  known  of  the  theory  of 
the  ethereal  eflect.'i  of  a  charge  of  elKtricity  forced  to  move  by  mechanical  acbons 
for  us  to  be  quite  sure  that  both  M.  Cremleu's  and  Kowland'a  observations  may 
not  be  true— ■«.,  that  it  is  possible  that  a  charge  of  electricity,  while  it  is  being 
accelerated  by  moving  matter,  may  produce  aueh  an  action  on  the  surronndiDg 
ether  as  to  neutralise  the  electric  force  that  would  otherwise  be  produced  by  tho 
cbaogiog  magnetic  induction  due  to  the  moving  charge. 

2.  On  the  Creeping  of  Liquids  and  ths  Surfaee  Tension  of  iHxturet. 
By  Dr.  F.  T.  TRontos,  F.R.S. 


3.  On  a  Method  of  Investigating  Corretpondtneet  between  Spectra. 
By  Hugh  Rauaqb. 

The  method  is  graphical ;  spectral  lines  are  plotted  as  absclasee,  and  the  atomic 
weights  of  the  elements,  or  functions  of  the  atomic  weights,  aa  ordinatw,    Con- 
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nectinff  lines  ire  tlien  dnwn  through  homologous  Bpeclr&l  lines.  The  spectra 
studied  hj  the  author  in  this  wa;  tre  cbiefljt  those  emitted  bj  the  metals  m  ihe 
OTjbjdn^n  and  oxycoal  gas  flames.  These  spectra  are  much  simpler  than  tliose 
of  the  same  metals  in  the  electric  arc  or  spark,  and  ma;  be  regarded  as  tbe  funda- 
mental  spectra  of  the  metals.    They  are  therefore  the  most  suitable  spectra  for 


As  the  flame  spectra  of  the  metala  have  not  been  fullj  investtgated  some  lines 
have  been  selected,  to  make  the  diagrams  mora  complete,  from  arc  and  spark 
spectra.  In  these  cases  the  selection  was  made  afi«r  a  study  of  tbe  character  ot 
the  lines  in  these  spectra.  Later  experimental  work  on  flame  spectra  has  con- 
firmed the  selection  of  some  of  theee  linee,  and  the  work  on  the  Zeeman  elfect,  of 
Preston  on  magnesium,  zinc,  and  cadmium,  and  of  Lord  Blythswood  and  Dr. 
Harchant  on  mercury,  confirms  it  in  the  epectnim  of  the  latter  metal.  The 
formulee  and  work  of  Rydbei^  and  of  Kayser  and  Uunge  lead  to  the  selection  of 
the  same  linee  in  all  cases,  and  with  these  formulra  as  guides  it  is  possible  to 
extend  the  work  to  other  lines  and  spectra.  This  baa  been  done,  but  only  to  a 
limited  extent  at  present.  The  diagrams  exhibited  were  drawn— (1)  from  atomic 
weights  and  oecillation  frequencies,  and  (2)  from  tbe  iquaces  of  the  atomic  wdgLts 
and  oscillation  frequencies. 

The  diafjTams  show  very  clearlythat  tbe  spectra  of  pimilar  elemecta  are  very 
closely  related  to  one  another.  That  tbe  spectra  of  potafMum,  rubidium,  and 
csesium  are  more  closely  related  to  one  another  than  to  those  of  lithium  and  sodium, 
and  that  there  is  also  ■  break  between  tbe  spectrum  of  magnesium  and  those  of 
line,  cadmium,  and  mercury,  and  between  that  of  aluminium  and  those  of  gallium, 
indium,  and  thallium. 

The  connecting  lines  of  the  diffuse  aubordinate  series  of  potassium,  rubidium, 
and  ciesiam  approach  in  the  more  refrangible  lines  measured  to  straight  lines, 
while  thoae  of  the  principal  series  are  nearly  straieht  lines  in  the  second  diagram. 

The  lines  joining  the  homologous  lines  of  doublets  and  triplets  approach  one 
another  as  the  atomic  weight  decreases,  and,  in  the 'second  diagram,  mtersect  in 
points  near  the  line  of  zero  atomic  weijrht,  'Fhese  curves  give  exact  information 
regarding  the  function  of  the  atomic  weight  which  determines  tlie  differences,  in 
oscillation  frequencies,  between  the  lines  in  doublets  and  triplets. 

Equations  are  given,  after  the  form  of  Rydberg's,  for  the  principal  series  of 
lithium  and  sodiom  and  of  potasunm,  rubidium,  and  ctesium,  and  the  calculated 
numbers  are  in  close  agreement  with  the  observed  numbers. 


4,  EtpOTl  on  Sadialion  in  a  Magnetk  Field-Scv  Reports,  p.  52. 


5.  An  Experiment  on  Simultaneous  Conlraat, 
£y  Georob  J.  BuBCH,  M.A.,  F.B.S. 

it  is  Well  knows  that  white  objects  seen  against  a  red  background  lookgreenish* 
blue,  and  orange  agaiast  a  blue  background. 

ThLi  phenomenon  is  shown  in  a  striking  manner  in  the  following  experiment 
doetoHering: — A  email  white  disc  is  viewed  with  the  left  eve  against  a  red 
background,  and  anoUier  similar  disc  is  viewed  against  a  blue  bacKground  with  tbe 
right  eye.  The  discs  are  so  placed  as  to  occupy  different  positions  in  tbe  field  oi 
view.  The  result,  when  the  light  has  been  properly  adjusted,  is  that  the  observer 
se«s  an  amethyst-blue  disc  and  a  topaz-yellow  disc  against  a  pale  purple  ground. 

The  reason  of  this  is  demonstraMJ  by  the  author  in  the  following  experiment  i — 
Two  pieces  of  glass,  one  red  and  the  oiber  blue,  are  inserted  in  a  stereoscope  in 
place  of  the  usual  slide,  each  glass  having  two  small  squares  of  black  paper  on  it. 
Viewed  binocularly  the  four  squares  appear  as  two.  In  front  of  the  instrument, 
but  ont  of  the  direct  line  of  sight,  are  two  adjustable  slits,  and  over  the  eye-lenses 
of  the  stereoscope  are  two  ditfracUon  gratings.  The  poution  of  the  slits  is  so 
arranged  that  the  spectrum  of  tbe  first  order  of  the  left-hand  grating  falls  on  tho 
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right' hsDd  square,  find  that  of  the  right-hnod  gntiDiron  the  left-hand  aqaare,  the 
two  Hpectni,  wLich  e&n  be  adjusted  to  the  rame  intensicj,  beinji  thus  seen  side  bj 
side,  one  with  the  left  eye  on  a  red  ground,  aad  the  other  with  the  right  eye  on  a 
blue  ground.  The  red  ^'ass  produces  partial  red  blindness  of  the  left  eye,  and  the 
epectrum  seen  by  it  tacks  red,  the  other  colours  being  unaltered.  And  for  a  aimilsr 
reason  the  epectrum  seen  by  the  right  eye  lacks  blue,  the  effect  being  more  notice- 
able owin^  ID  the  contrast  of  eeneation  in  the  two  eyes.  In  the  author's  opioion 
this  experiment  affords  further  confinnation  of  the  views  of  Scherffer,  Darwin,  and 
Young  in  regard  to  contrast. 

6.  A  Quarts-Calcile  Symmetrical  Doublet.  By  J.  W.  Giffobd. 
The  difficult  in  conntnictiug  lenses  of  crystals  consists  cbieSy  in  tbe  double 
lefroction,  which  causes  confiiuun.  Aa  quartz  ia  a  positive,  and  cafcite  a  negatife, 
crystal,  they  tend  to  correct  one  another,  although  the  separation  of  the  lines  in 
quarts  is  only  one-twentieth  of  that  in  calcite.  Both  lenses  are  cut  with  tbeii 
SIM  corresponding  to  the  axes  of  the  crystals.  The  ware-length  situated  at  the 
point  of  greatest  actioic  activity  is  about  2748,  aa  found  by  averaging  tlio  position 
of  bright  lines  of  the  principal  spectra  as  follows : 

BubsUnce  ol  m'a^lmuC eLct    I  Snbalance       „,  L^„^Xt 

Air 3310  Lead  .  .  3061 

Iron 2665  Tin     .       .        .  2571 

Uagneslnm     ....  29E0  Copper  .  2144 

KIdo 26GT  Silver  .  2165 

Cadroiam        ....  3023  

Arsenic 2600  27606  =  Average. 

This  was  equalised  with  W.  L.  G607  or  the  centre  of  visaal  aetJTity.  The 
Indices  were  determined  by  using  prisms  polished  on  three  sides,  and  by  averaging 
the  obaervatioiu,  so  that  thi)  angle  of  the  prism  might  be  taken  as  exactly  60. 
The  temperatut ""  <■•->— ^^-.^ 


«  was  69°  t'ahrenlieit. 


W,  L. 

1      Element      1               Quarti 

Calcite              1 

1 

6S9a 

5G07 
283M 
27*8 

Na                       1-6442497 
Pb                       l-G4G4ttl3 
Cd                       I'68d7l64 
Cd                       1-687628(1 

IMraordinarg  Jiag 

1-6688666 
16604648 
17335024           1 
1-7415041 

ca83 

6B07 
2839 

2748 

1            D                        15S336E2 

1           Pb                       1-6646 100 

1           Cd                       1-G942126 

Cd                       1-5981316 

1-4863913 

1-4873449 
1-5194123           i 
I52266I6 

In  calculating  the  radii  the  formula  W  -^  ^   ' 
u 
Tesalts  for  unity: 


I  used,  with  the  IbUoving 


w  =  » 

1     B  =  -«13664 

8 1:R' =  -2026631 

S'  -« 

„   -33070931 

..       -1809102 

,.     1-6854657 

1        „   '316024S 

„       -1746611 

„         1699643 

„    1-0631160 

i         „    -2809109 

„       -1633743 

„      -84273S8 

..    2-6 

1        ,,   '2628198 

„       -1534578 

„       -1368452 

„      -4213664 



.,     1104665 

,.       -1032977 

„      -21088S»        , 

/I 
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No  SxbySSwaa  taken,  uid  the  focus=12".  The  angle  tnadfl  with  tbe  axis 
by  the  my  in  Culdte  varied  from  2' 47' 26"  to  1' 14' Iff' for  W.  L.  2748  and 
from  2°8fl'26"to  1' 9' 17"  for  W.  L.  6607,  and  the  Bpherical  aberration  of  the 
comlnnation  for  W.  L.  274S  wu  --DS1337,  and  for  W.  L.  fie07  wm  --OttgeCW. 
No.  6  would  probably  have  covered  better  without  introducing  too  much 
double  refraction. 


7.  The  Production  of  an  Artifieiid  LiglU  of  Ote  same  Cltaracler  as  Dap- 
light.  By  Abthdb  Dofton,  M.A.,  B.iic.,  and  Walteb  M.  Gardner, 
Bradford  Technical  College. 

It  is  a  matter  of  common  experience  that  many  coloora  alter  in  appearanco 
when  seen  by  artificial  light. 

The  axtentto  which  colours  may -vary  under  different  illuminatiotiiaperhapfl  not 
commonly  known,  but  ia  well  illustrated  hy  the  nut^e  of  dyed  cloths  ezhilrited. 
Amongat  other  patterns,  one  which  ia  green  by  daylight  becomes  red-brown  by 
gaslight ;  a  violet  changes  to  purple ;  a  grey  to  heliotrope  ;  a  shade  of  tan  to  a 
brick  red.  Particularly  Btrikicg  is  a  pattern  woven  from  specially  dyed  yams, 
which  appears  a  uniform  green  colour  by  daylight,  but  which  is  figured  by 
gaslight.  Seen  by  th«  light  of  the  electric  arc,  the  patterns  show  nmilar  but  leas 
marked  changes. 

It  may  be  of  interest  to  indicate  hriefly  how  such  peculiar  changes  of  colour 
arise.  The  colour  of  a  body  depends  in  the  first  place  ou  the  nature  of  the 
incident  light.  In  monochromatic  red  light  a  red  appears  much  the  same  as  in 
daylight,  but  a  yellow  changes  to  red,  a  green  ia  almost  black,  while  blues  and 
violets  become  red. 

Gaslicfht  shows  a  continuous  spectrum  from  red  to  violet,  but  compared  with 
daylight  is  of  a  strong  orange  colour  due  to  an  excess  of  rays  io  the  red,  orange, 
and  yellow  It  doef  not,  however,  neceasaiily  result  that  all  colours  appear 
redder  by  gaslight.  It  is,  indeed,  well  known  that  the  majority  of  colours  change 
little  by  gaslight.  This  isdue  to  the  adaptability  of  the  eye;  if  the  light  becomes 
redder,  the  eye  becomes  less  sensitive  to  red ;  if  the  light  is  deficient  in  green,  the 
eye  becomes  more  sensitive  to  green.  Persons  working  hy  gaslight  soon  cease  to 
notice  its  intense  orange  colour.  It  results  that  a  grey  produced  by  mixture  of 
black  and  white  appears  grey  under  any  illumination,  and  simple  colours,  such  as 
reds,  oranges,  and  some  greens  giving  light  confined  practically  to  one  part  of  the 
spectrum,  undergo  little  change. 

Generally,  however,  the  coloiu'  of  a  body  is  due  to  a  mixture  of  light  frt>m 
different  parts  of  the  spectrum.  All  violet  colours  are  transparent,  not  only  for 
violet,  but  also  for  blue  and  red  light ;  all  blues  transmit  not  only  blue,  violet,  and 
green  light,  but  also  more  or  lees  red.  Consequently,  whenever  a  blue  or  violet  is 
used  in  the  production  of  what  is  called  by  artists  a  '  tertiary '  colour,  the  general 
result  is  a  colour  having  bright  hands  in  different  parts  of  the  spectrum.  A 
mixture  of  red,  blue,  and  yellow  to  produce  a  neutral  grey  wtU  show  bright 
bauds  in  the  red  and  green —complementary  colours,  reamting  in  a  proportion  of 
white  light  According  to  the  exact  position  and  intensity  of  these  oands  tha 
grey  will  become  redder  or  greener  or  may  even  remain  unchanged  by  gaslight 

Generally  colours  become  redder  under  artificial  light.  This  is  due  not  merely 
to  the  redder  character  of  artificial  lights  as  compared  with  daylight,  but  to  the 
peculiar  transparency  of  colouring  matl«rs  for  red  light.  Among  reds  and  yellow, 
we  have  many  theoretically  perfect  colouring  matters — a  perfect  yellow  being  one 
having  sharp  absorption  in  the  violet  and  blue,  and  perfect  transparency  for  green, 
yellow,  orange,  and  red  rays,  Aperfeet  bltie  would  be  transparent  for  violet,  blue, 
and  green,  and  opaque  for  the  rest  of  the  spoctrum. 

Apparently  such  a  bloe  can  only  be  obtained  by  means  of  cupric  salts.  All 
other  tdne  dyes  and  pigments  we  navo  examined  agree  in  being  more  or  leas 
transparent  for  red  light  Even  greens  transmit  some  red.  This  pecnliar  tran»- 
puency  of  coloiua  for  red  light  ia  of  primary  importance  in  colour^matching.    All 


dyen  kiio#  hoit  jcmateat  u  llie  tondencj  to  tha  deTelopment  of  ted  in  IIm 
prodoetion  <rfeompoiiiid  dwdea. 

The  need  of  u  utificul  light  which  Bhonld  so  closeh  resenible  ds^lifcht  u  to 
ihow  colour*  in  their  true  reWtJonahip  h§»  long  been  felt  by  worken  in  colour. 
At  prweat  ths  electric  uc  light  is  Utgelf  oaed  for  colour  work,  but,  u  we  have 
■aen,  it  ia  far  from  ettiafactor^. 

The  peculiar  character  of  daylight  ia  due  eiaentiall;  to  the  modificstiOD 
ptodnoed  bf  the  atmosphere  io  the  li^t  from  the  aun.  !Ught  &om  a  north  aky 
u  uaoall;  adopted  for  ralour  work  is  deficient  in  red,  orange,  and  yellow  nya, 
and  conaequentlT  the  Ught  from  a  clew  north  aky  is  intenaelT  Uue. 

Starting  with  the  electric  arc  light  aa  being  neareat  da^ight  in  character,  we 
have  attempted  to  imitate  by  direct  absorption  the  efiect  pioduced  by  scattering 
in  the  atmosphere. 

The  light  of  an  arc  Lamp  eonaista  of  two  distinct  parts : — (1)  The  light  from 
the  glowing  carbons ;  (3)  the  light  of  the  arc  itself  characterised  by  its  richneos  in 
violet  rays.  In  Umps  of  the  enclosed  arc  type  the  length  of  uv  is  increased,  and 
consequeotly  such  lamps  give  a  light  richer  in  violet  rays.  Although  arc  lights 
Tsiy  somewhat  in  the  proporlioa  of  violat  light,  tfaey  all  agree  in  being  richer 
than  dayli^t  in  the  amount  of  red,  orange,  and  yellow  rays,  compared  with  the 
amount  of  green  and  blue.  Owing  to  the  peculiar  transparency  of  colours  to  red 
light  alieady  noticed,  it  ia  of  prinuur  importance  that  tha  proportion  of  red  ligbi 
should  be  carefully  adjusted.  Small  vanalions  in  the  amouut  of  violet  light  ara 
of  minor  importance,  owing  to  the  eye  being  less  sensitive  to  soch  raya,  uid  alto 
because  in  mixing  colours  there  is  not  the  same  t«ndency  to  develop  a  band  of 
violet  as  we  have  seen  occurs  in  the  red,  since  yellow  colours  generally  have 
com^to  absorption  in  the  violet. 

The  required  absorption  of  the  less  refrangible  rays  can  be  efiitcted  I7  means 
of  hluecupiic  salts.  A  solution  of  copper  sulphate  shows  strong  absorption  st 
the  extreme  red  of  the  specCmm,  the  absorption  extending  with  diminishing 
intensity  into  the  green. 

'  For  practical  purposes  the  light  from  the  arc  is  modified  by  passage  through 
pale  blue  gloss  coloured  by  means  of  copper.  This  coloured  glass  may  convemenuy 
take  the  form  of  a  globe  replacing  tlie  ordinary  globe  of  the  arc  light. 


FRIDAT,  aSPTSMBBR  T. 

The  IbUoiring  Pspen  vrare  read :-' 

1.  On  the  StatUtical  Dynamia  of  Oat  Theory  at  UltMraUd  by  Meteor 
Stoarmt  UTul  Optuxd  Raya.    By  Dr.  J.  Lasuok,  F.R.S. 


Imagine  a  cloud  of  meteors  punuiL         ....        ... 

>— in  fact,  in  any  conservative  field  of  force.  Let  us  consider  a  groa^  of  tlie 
meteors  around  a  given  oentral  one.  As  thev  keep  together  thor  veloatiea  an 
nearly  tba  same.  When  tbe  central  meteor  nas  psssed  into  another  part  of  the 
orbit,  the  surrounding  region  iy>i>tfi1"i"g  these  same  meteota  will  have  altered  ia 
eh^M }  it  wiU  in  &xA  nswly  have  bet^me  muob  elongated.  If  wa  merely  conDt 
huge  and  smftll  meteors  alike,  we  can  define  the  denuty  of  their  distribution  in 
spaoe  in  the  neighbourhood  of  this  group :  it  will  be  inversely  as  the  volume 
occupied  by  them.  Now  counder  their  deviations  from  a  mean  velocity,  say  that 
of  the  central  meteor  of  the  group ;  we  can  draw  from  an  origin  a  vector  repi»- 
senting  the  velocity  of  each  meteor,  and  the  ends  of  these  vectors  will  mark  out  a 
region  in  tbe  v^ocity  diagram  whose  shspe  and  volume  will  represent  the 
Cbaracter  and  range  of  the  deviation.    It  results  from  a  very  general  piopoution 


Ji  dvnamios  that  as  the  central  meteor  moves  along  its  path  the  region  occtuied 
by  tne  group  of  its  neighbours  multiplied  by  the  correroonding  re^n  in  umr 
velocity  dia^m  lemaiiu  constant,    Or  we  may  say  that  the  denuty  at  the  group 
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Coniidered,  eatim&ted  b^r  mere  numben,  not  b;  lize,  Tariee  doiiuK  its  motion  pro- 
portionall;  to  the  extent  of  the  region  on  the  Telocit;  diagram  which  correaponda 
to  it. 

This  IB  true  whether  mntntl  tttracdons  of  the  meteors  are  ten^hlj  effectiTS  or 
not ;  in  fact,  the  ^nenJised  form  of  this  proposition,  toother  with  a  set  of 
similar  ones  relating  to  the  Tariooa  partial  gTOops  of  coordinates  and  velodty 
components,  forms  an  equivalent  of  the  fundamental  law  of  Action  which  is  the 
unioue  basis  of  dynamical  theory. 

Now,  suppose  that  the  mutual  attractions  are  insennble,  and  that  W  is  the 
potenUal  of  tne  conserratife  field :  then  for  a  single  meteor  of  mass  m  and  Telocity 
i;  we  have  the  enei^j  Jmu"  +  mW  conserved :  hence  if  Bu,  be  the  range  of  velocity 
at  any  point  in  the  initial  position,  and  Av,  that  at  the  conesponding  point  in  any 
Bubseauent  position  of  the  group,  we  have  u,Sv,''v,dv„  these  positions  remaining 
unvaned  and  the  ranation  being  due  to  different  meteoia  pasamg  through  them. 
But  if  Sa>,  and  3w,  are  the  initial  and  final  conical  angles  of  diTcrgeoce  of  the 
velocity  vectors,  corresponding  regions  in  the  velocity  diagram  are  of  extents 
9i/,.v,'<)a*i  and  Sv^.v-'Sa^ :  these  quantities  are,  therefore,  in  all  cases  proportional 
to  the  densities  at  the  group  in  its  two  positions.  Jn  our  present  case  of  mutual 
attractions  insensible,  the  volume  density  is  thus  proportional  to  via,  becanse  vSu 
remains  constant.  Now  the  number  of  meteors  that  cross  per  unit  time  per  unit 
area  of  a  plane  at  right  angles  to  the  path  of  the  central  meteor  is  equal  to  this 
density  multiplied  by  u :  thus  here  it  remains  proportional  to  v'ia,  ss  the  central 
meteor  moves  on.  In  the  corpuscular  formulation  of  geometrical  optics  this 
result  carries  the  general  law  that  the  concentration  in  cross-section  of  a  beam  of 
light  at  diSerent  points  of  its  path  is  propcitional  to  the  solid  angular  dive^^enee 
of  the  rays  multiplied  by  the  square  of  the  refractive  index,  whicQ  is  also  directly 
necessitated  h^  tuermodynamic  orinciples;  as  a  spedal  case  it  limits  the  pos^Ue 
brightness  of  images  in  the  well-known  way. 

In  the  moving  streun  of  particles  we  have  thus  a  quantity  that  is  conserved  in 
each  group — namely,  the  ratio  of  the  density  at  a  group  to  the  extent  of  the  region 
or  doroain  on  the  velocity  diagram  which  corresponds  to  it ;  but  this  ratio  may 
vary  in  any  way  from  group  to  group  along  the  stream,  while  there  is  no  restric- 
tion on  the  velocities  of  the  various  groups.  If  two  streams  cross  or  interpenetrate 
each  other,  or  interfere  in  other  ways,  all  this  will  be  upset  owing  to  the  collisions. 
Can  we  assign  a  statistical  law  of  distribution  of  velocities  that  will  remain 
permanent  when  streams,  which  can  be  thus  arranged  into  nearly  homogeneous 
groupB,  are  crossing  each  other  in  all  directions,  so  that  we  pass  to  a  model  of  a 
gas  P  Maxwell  showed  that  if  the  number  of  particles  each  of  which  has  a  total 
energy  E  is  proportional  to  «~^,  where  h  is  some  constant  (which  defines  the 


temperature),  while  the  pardcles  in  each  group  range  uniformly,  except  as  leoards 
this  factor,  vrith  respect  to  distribution  in  p(»ition  and  velocity  jointly,  as  SAOVe, 
then  this  will  be  the  case.  In  .act,  the  chance  of  an  encounter  for  partidea  of 
energies  E  and  E' will  involve  the  product  e"'^e~'*'  or  e-i"«*2-j^  ^^^  ^J^  encounter 
does  not  alter  this  total  energy  E  +  E' ;  while  the  domains  or  extents  of  range  of 
two  colliding  groups  each  nearly  hpmogeneons  and  estimated,  as  above,  by  devi»> 
tion  from  a  ceutial  particle  in  poution  and  velocity  jointly,  will  have  the  tame 

Siroduct  after  the  encounter  as  before  by  virtue  of  the  Action  principle.  It 
bllows  that  the  statistical  chances  of  encounter,  which  depend  on  tbis  jomt  pro- 
duct, will  be  the  same  in  the  actual  motion  as  are  those  of  reversed  encounter  in 
the  same  motion  statistically  reversed.  But  if  the  motion  of  a  swarm  with 
velocities  fortuitously  directed  can  be  thus  statistically  reversed,  recovering  its 

Kvious  statistics,  its  molecular  statistics  must  have  become  steady ;  in  fact,  we 
'«  in  such  a  system  just  the  same  distribution  of  encountering  groups  in  one 
direction  as  in  the  reverse  direction :  thus  we  have  here  one  steady  state.  The 
same  argument,  indeed,  shows  that  a  distribution,  such  that  the  number  per  unit 
volume  of  particles  whose  velocity  deviations  correspond  to  a  given  region  in  the 
velocity  dianam,  is  proportional  to  the  extent  of  that  r^ion  without  this  factor 
«-^,  will  ai»o  be  a  Steady  one.  This  is  the  case  of  equable  distribution  in  each 
group  as  regards  only  the  poution  and  velocity  diagrams  conjrantly ;  but  in  thU 
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ctae  McIt  ralue  of  tbe  reaulf  ant  -velocity  would  occur  with  k  IVeqnencj  propor- 
tiooal  to  its  square,  and  a  factor  auch  aa  e'*^  in  required  to  keep  down  -rtsrj  high 
valueB.  The  Kener^iaations  b;  Boltzmann  sod  Maxwell  to  internal  degrees  of 
freedotn  would  lead  na  too  far,  tbe  aim  here  proposed  being  merely  concrete 
illuatratioD  of  the  Tery  general  but  purely  analytical  a^ament  that  is  fally  let 
forth  in  the  trmtiaea  of  Watson,  finrbury,  and  Boltzmann. 


2.  The  Partition  of  Energy.    By  G.  H.  Bbyah,  Se.D.,  F.R.S.^ 
CoDBider  a  system  of  particles  in  a  field  of  force  actmg  on  one  another  witli 
forces  which  are  functions  of  the  distsaces  between  them.    If  u,  v,  w  are  the 
velocity  components  of  a  particle  of  mass  m,  V,  the  potential  eneif^  of  the  Fyatem, 
the  rate  of  increase  of  the  component  of  kinetic  ene>^,  }  mu',  ia  giren  by 


(i-«')- 


If  the  probability  of  any  given  motion  of  the  system  is  equal  to  the  probability  ot 
the  reversed  motion  for  given  positions  of  the  particles,  then  unce  equal  podlive 
and  negative  values  of  u  are  equally  probable  it  appears  that  the  mean  rate  of 
increase  of  ^  ntti^  estimated  from  probability  considerstionB  is  zero.  Now  form  the 
second  differential  coefficient  of  ^mu'  with  respect  to  the  time,  which  may  becalled 
the  acceleralum  of  thi£  energy  component.     We  obtain 


d\dV 
dzj'di' 


If  we  are  given  the  probability  that  the  coordinates  of  the  system  may  be  between 
given  limits,  then  a  condition  for  tbe  stationary  state  is  that  the  mean  values  of 
the  accelerations  of  ^  mu*,  ^  nuf,  i  mw'  are  lero.  We  thus  obuin  a  BjBt«m  of 
equations  of  enerf^  equililn'mm  for  the  system,  which  are  sufficient  to  dstenoioe 
the  mean  valuea  of  the  components  of  kinetic  energy,  provided  the  system  is  such 
that  the  mean  values  of  pi^iducts  of  velocities  such  as  u,d,,  »,■>,,  or  u^v,  vaniah. 
If  this  is  not  tbe  caM  the  conditions  for  a  stationary  state  involve  writing  down 
further  expressions  for  the  accelerations  or  second  differential  coefficients  of  these 
velocity  products,  and  equating  their  mean  values  to  zero. 

In  this  way  the  mean  values  of  the  squares  and  products  of  tbe  velocity 
components  for  a  stationary  distribution  are  expressible  io  terms  of  the  mean  values 
of  tbe  sqnares  of  the  force  compcnenta,  and  the  second  differential  coefficients  of  the 
potentiat  energy  with  respect  to  the  coordinatea. 

In  this  preliminary  investigation  tlie  simplett  possible  illustrative  examples 
are  considered.  For  a  system  of  two  particles  moving  in  astraigbt  line  and  actmg 
on  one  another  with  finite  forces,  the  partition  of  energy  follows  Maxwell's  law, 
and  the  mean  product  cf  the  velodti^  vanishes  if  there  is  no  external  field  of 
force.  If  there  is  a  field  of  external  force,  this  is  no  longer  in  general  tbe  case. 
We  thus  have  some  justification  for  tlie  belief  that  in  a  polyatomic  gae  Maxwell's 
law  of  partition  may  no  longer  hold  good,  and  this  may  account  for  the  experi- 
mental result  that  this  law  is  verified  approximately  only  when  translational  and 
rotational  energy  are  alone  taken  into  accoDot. 

Ilie  principal  advantage  of  Htndying  the  problem  of  eneigy-partition  from  tbe 
consideration  of  energy  accelerations  is  that  it  leads  to  results  for  a  perfectly 
reversible  dynamical  system  somewhat  analogous  to  the  irreveraible  properties  of 
temperature.  The  property  that  beat  tends  to  flow  from  a  hotter  to  a  colder  body 
is  represented  on  this  view  by  tbe  property  that  when  two  stationary  svatems  are 
allowed  to  act  on  one  another,  then  if  a  certain  inequality  is  saLisflad  energy  is 
accelerated  from  one  system  to  the  other,  and  the  direction  of  the  acceleration  is 
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determined  b;  the  eitm  of  tbe  inequality.     This  last  is  uDsltered  b;  rereraing  the 
velocitj  coropoDsnts  of  all  the  partjdea. 

In  order  that  a  stationary  distribution  of  energy  may  be  poutblt  certun  con- 
ditions repreaented  b;  inequalities  must  bold  good,  and  further  conditions,  which 
ma;  or  may  not  be  identical  with  these,  moat  be  satisliBd  in  order  that  the  distri- 
butioDB  may  be  stable.  These  propeTties  may  perhaps  havea  physical  interpretation 
in  the  notion  that  change  of  state  takes  place  vhen  the  conditions  in  question 
cease  to  hold  good.  Finally,  the  fact  that  the  Newtonian  potential  satisfies 
Laplace's  eqnatioD  may  possibly  give  an  exceptional  chBract«T  to  the  phenomena  of 
eneigv-parbtioD  in  the  cosmic  universe.  It  is  also  evident  that  expresaions  for  the 
aeeond  differential  coefficients  of  squares  and  products  of  velocity  components  may 
tbeoretically  be  written  down  for  ad^namical  system  of  the  most  freneral  charsctur, 
and  applied  to  determine  the  partition  of  energy  between  tbe  molecules  and  tbe 

3.  Note  0 

In  the  '  Annalen  der  Fhyaik  '  for  June  1000,  a  very  complete  investigation  of 
this  problem  has  been  published  by  O.  Mie.  He  finds  ezprestiians  for  tbe  wave- 
lengUi  and  damping  of  the  oscillations,  involving  a  series  of  ascending  powers  of  the 
T«tio  of  radius  of  wires  to  distance  apart.  The  abject  of  this  note  is  to  point  out 
that  the  approximate  solution,  in  which  the  square  of  this  ratio  Is  neglected,  can 
be  very  easily  obtained  from  the  known  solution  for  a  single  wire,  as  worked  out 
by  Professor  J.  J.  Thomson  and  by  Sommerfeld.  The  formula  for  the  damping 
agrees  with  that  given  by  UeavisLde'e  simple  theory  when  Lord  Rayleigh's  high- 
frequency  values  are  used  for  the  resistance  and  inductance.  Atteotion  is  called 
"~     ~   — T  in  the  formula  for  the  Kg  function  in  the  work  of  Thomson,  Sommerfeld, 


and  Mie,  arising  probably  from  an  erratunjin  Heine's  'Kugelfuoctionen,'    It  affects 
tbe  numerical  values  worked  out  in  Sommerfeld  and  Mie's  papers, 

4.  On  the  Vector  Potential  of  Electric  CwTenta  in  a  Field  where  Dietwrb- 

aneea  are  propagated  with  Finite  Ydoeity.     By  S.  H.  Bukbdky,  F.R.S. 

1.  If  u'n'uj'be  the  components  of  the  total  electric  current  at  x'y'i' in  a 

bomogeneous  isotropic  transparent  medium,  liie  components  of  vector  potential 

F  G  II  at   any  pouit  x  y  s  at  a  given  instant  are  usually  defined  as  follows, 

F  =  f[Krfj,'<i/(f==  ["-rfr  &c,,  where  r=  ^(^'^xf^i^-yf^^^'-'Y  and  the 

the  values  of  u'  v'  v>'  at  the  given 
Hence  follow  Poisson'a  equations 

■■c (1) 


<fy 
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Hence  ia  deduced 


vT,^-*:^ (4) 


K.PF 

where  V=    /j^ is  theTelodtjof  proptgttioDof&disturbonce.  AI«o  J(Fu  +  Q»+  H») 

it  the  energy  per  unit  of  Tolume  »Xx  y  i. ((>) 

8.  The  U)«oi7  in  this  form  is  open  to  ot^ection.  If  u',  the  current  at  x'  /  ^, 
changes  witii  the  time,  we  have  a  corresponding  change  <f  F  given  byx-,"  -. 

But  owing  to  (4)  nopbjsical  quantity  at  r  y  e  can  be  iiiiin«diately  affected  by  the 
change  at  x"  y'  if.  llie  change  can  liaTe  no  effect  whateTcr  at  j^  y  £  till  aiUr  ths 
expiration  of  the  time  ^.    If  therefore  F  be  any  physical  quantity,  we  most  ban 

J-,  =  0,  which  is  inconHistent  with  our  deGtiition.  If  F  be  not  a  physical  quantity, 
Fh  cannot  denote  energy,  which  is  inconsistent  with  (5). 

4.  The  fact  that  V  is  Tsry  great,  and  ^  very  small,  does  not  meet  the  difficulty, 

because  ^  ^  is  not  generally  small, 

5.  It  is  proposed  to  substitute  for  u',  the  current  at  i^y's'atthe  giyen  instant, 
u,'  the  current  which  did  exist  at  x'  j/'  z'  ^secondS'ago,fla  that  our  definition  wUl 

be  F,  =  [— '<fr.    Fi  is  u>ed  hy  way  of  distinction  fhnn  F.    In  this  form  of  F  the 

objections  above  talien  cease  to  have  effect 

As  u'  and  all  its  derived  coefficients  according  to  the  time  are  supposed  fiuite, 
wemey  write  t(',  =  u'— -^, -J*  +  J  -  ",  So.,  or  symbolically,  for  conTenisQce 
only, 


B.  It  is  shown  thst,  jmrn^/ncM,  F ,  0„  H|,  so  defined,  satisfy  the  differential 
equations  (1)  as  well  sa  do  the  ordinaiy  F  O  H.  So  as  regards  the  diSsruitiai 
equations  the  proposed  Hubstitution  makes  no  difference  in  form  to  the  tlwo^. 

7.  An  objection  is  considered  that  F  and  Ft  cannot  both  satisfy  Poisson's 
equations  (1)  because  if  they  did  we  should  have  v'F-v*F„  and  this  oaimot,  it  is 
said,  be  true  because 
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-  0,  v'F  -  r'F,  ia  not  true. 


If  tha  objection  be  valid,  it  ii  not  evident  wbether  n-e  should  use  F  or  F^ 

S.  Bat  Poiason'a  equation  require!  only  that,  hoirerer  iniBlI  be  the  radius  'a' 
of  &  sphere  described  about  ■'^  y  ', 

p4irr»v'Frfr  -  -  4t  {'itrr^udr 

ftnd  that  ia  tatlsSed  by  both  F  and  F,.    For  the  purpose  of  Foisson's  equation  we 
maj  lue  v*F  and  7'fi  u  iDCercbangeable. 

9.  Since  ^  has  different  viluea  for  different  WEiTes,  F,  should  be  the  sum  of 

a  number  of  terms  of  the  form  (&),  each  correeponding  to  e  waTft-Ienfith. 

10.  Etteq. — A  calculation  is  tnade  of  the  effect  of  udn^  F,  instead  of  F  in 
case  of  a  disturbance  spreading  in  apherical  waves  from  a  source. 
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Tlia  following  Iteporta  and  Papers  were  read ; — 

1.  Report  on  Determining  the  Magnetic  Forae  on  Board  Ship, 
See  Reports,  p.  4B. 


3.  Finai  Report  on  the  Sixet  qfPagea  o/Si:ieniific  Feriodicait. 
See  Beports,  p.  45. 


Z.  On  the  Similarily  qf  Effect  of  Eleetrical  Slimulut  on  Inorganic  and 
Living  Sitt>»taneet.  Sy  Jaoadib  Cbdndbb  Bobs,  M.A.,  D.Sc,  Pro- 
JeitoT  qfPh^ical  Science,  Prendeney  College,  CalouUa. 

If  we  take  a  piece  of  living  tiune,  saj  a  piece  of  muscle,  and  subject  it  to  an 
eleztrio  stimulus,  there  will  oa  produced  a  contraction ;  the  stimalua  canses  a 
TearrangemeDt  of  the  panicles  of  the  living  subetani^  bj  which  the  form  of  muscle 
is  changed.  On  the  cessation  of  stimulus  the  muscle,  recoTering  from  the  mole- 
cular strain,  graduallj  attains  iU  original  shape.  Tha  effect  of  stimulus  ou  nerves 
ia,  however,  not  apparent;  there  is  no  change  of  form.  Tlie  molecular  disturbance 
due  to  stimulus  can,  however,  be  detected  in  an  indirect  manner  from  certain 
electromotive  variations  that  are  produced.  If  now  a  mass  of  metallic  filings  be 
taken  and  subjected  to  electric  shocks,  there  is  no  visible  change.  The  subttsnca 
appears  to  be  irresponsive  or  dead  to  Btimnlna.  Are  inoi^nic  substances  then 
real);  irresponuve  f  Could  this  apparent  want  of  response  not  be  due  after  all  to 
our  ioabilitj  to  detect  the  profound  molecular  changes  that  may  have  nevertheless 
token  place  in  the  substance  under  the  action  of  stimulus  P  In  nerves  it  is  seen 
that  the  molecular  changes  can  only  be  det«cted  indirectly  by  en  electric  method. 

The  author  describes  an  electric  method  based  on  the  variation  of  conductivity, 
by  which  the  molecular  change  due  to  au  electric  stimulus  in  an  inorganic 
substance  is  detected  and  measured.  Curves  are  in  this  manner  obtuned  with  the 
conductivity  variation  (proportional  to  molecular  ellect)  as  crdinatee,  and  the  time 
of  exposure  to  the  stimiuus  or  the  time  of  recovery  from  the  effect  of  stimulus  as 


It  is  neit  shown  that  the  effect  on  matter  of  electric  stimulus,  of  widely  Taryiog 
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frequencies,  U  ■  continuoua  one.  There  is  alio  ■  coDtjanlt}  of  effect  on  &11  forms 
of  inorgsiiic  matter,  aimilar  effects  beJOK  pnkluced  not  only  (1)  in  all  elementArj 
Bubotaocea — metal^  non-met&b,  and  metalloids — but  also  (2)  in  metallic  compounds, 
such  aa  the  chlorides,  bromides,  iodides,  oxides,  and  sulphides. 

Comparisons  are  next  made  of  the  molecular  reaponse  in  both  inorgaiuc  and 
liviag  suMtances  under  varjing  conditions ; — 

] .  On  the  effect  of  moderate  stimulus. 

3.  On  the  effect  of  maximum  Btimulus. 

5.  On  the  effect  of  auperpoutiDn  of  medium  stimuli — (a)  effect  doe  to  slow 
intermittence ;  (A)  tetanic  effect  due  to  rapid  intennittence. 

4.  On  the  oppoate  effect  due  to  stronK  and  feeble  stimulus. 

6.  On  the  pliysical  theory  of '  fatigue"  in  inorganic  and  livinp;  substances. 
a.  On  the  various  meana  of  rapidly  removing  fatigue. 

7.  Chi  the  effect  of  injection  of  various  substances  which  act  as '  poisons.' 

In  all  the  above  cascA  the  curves  for  both  living  and  inorganic  eufaet&nces  are 
found  to  be  similar. 

The  author  next  explains  a  theory  of  vision,  and  describes  an  artifiual  retina ; 
the  vaiiona  effects  of  radiation  on  this  artificial  retina  explain  many  obscure 
phenomena  of  vision. 

Parallel  experiments  are  then  deecribed  with  the  artificial  and  the  real 

1.  On  tbeefiect  of  short  exposure  to  the  action  of  radiation. 

2.  On  the  effect  of  intermittent  radiation ;  on  the  question  of  the  piesence  or 
abssnce  of  'fiicker'  depending  on  the  intensity  of  radiation  and  also  on  the 
rapiditv  of  intermittence. 

8.  On  the  peculiarity  of  the  visual  sensation  curve,  as  explained  by  the  carve 
of  effect  on  the  artihcial  retina. 

4.  On  the  different  elements  of  retinal  fatigue. 

5.  On  certain  curious  reversal  effects. 

6.  On  after-oscillation  and  visual  recurrence. 

7.  On  the  novel  i)henomeson  of  biuoouUi'  alternation  of  vision,  and  on  the 
aoBlyua  of  superpoeed  images  by  alternate  afier-vinon. 

8.  On  tb*  perustence  of  retinal  osciUation,  and  its  continuity  with  the  plie- 
nomeaon  of  memory. 

In  all  the  phenomena  described  above  there  is  seen  a  remarkable  similarity 
of  effect  of  external  stimulus  on  both  living  and  non-living  forms  of  matter.  It  u 
difficult  to  draw  a  line  end  say, '  Here  the  physical  process  ends  and  the  physio- 
logical process  begins,'  or '  These  are  the  lines  of  demnrcation  that  separate  the 
'  physical,  the  physiol')frical,  and  the  beginning  of  psychical  processea,'  No  soch 
arbitrary  lines  can  be  drawn,  there  being  no  abrupt  nreak  of  continuity. 

i.  Wireless  Telephony.  By  Sir  William  Henrt  Pbbece,  K.C.B.,  F.R.S. 
The  first  experiments  in  this  direction  were  made  in  the  month  of  Februaiy 
1894,  across  Loch  Ness  in  the  Uigblands.  On  that  occasion  trials  were  made  (n 
determine  the  laws  governing  the  transmission  of  Morse  signals  by  the  electro- 
magnetic method  of  wireless  telegraphy,  which  has  formed  the  subject  of  frequent 
reports  to  this  Section  since  1SS4 ;  two  parallel  vitea  wall  earthed  were  taken,  one 
on  each  udeof  the  lake,  and  airangements  were  made  by  means  of  which  the  wiies 
could  be  (^tematically  shortened  with  a  viewof  ascertaining  the  minimum  length 
necessary  to  recOTd  eatisfactOTy  signals.  It  occurred  to  Mr.  Oavey,  who  was 
experimenting,  to  compare  telephonic  with  telwvphjo  signals,  i.e.,  to  ascertain 
whether  articulate  apeech  could  m  maintained  under  the  same  couditious  aa  Mens 
signalling.  The  triale  showed  that  it  was  possible  to  exchange  speech  across  the 
Loeh  at  an  average  distance  of  1'3  mile  between  the  parallel  wires  when  the 
lenir'-h  of  the  wires  themselves  was  reduced  to  four  nulea  on  each  sioe  of  the 
witer. 
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What  led  to  (his  treia  of  thoa|rI)t  was  the  tao%  Uutt  altboDgh  tie  volume  of 
teleirnphic  current  was  immeiwelf  grenter  than  that  of  a  telephoDic  current, 
wheneTer,  through  want  of  balance  as  a  loop,  dieturbaiice  whs  Hvideat  then  tele- 
phonic crosB-talk  woa  also  manifest.  In  othai;>wocda,  a  weak  telephonic  current 
was  apparently  aa  powerful  a  disturber  as  a  strong  telegraphic  one. 

The  seaeation  created  in  1S}>7  b;  Mr.  Macooni's  application  of  Hertzian  waves, 
distracted  attention  from  the  more  practical  and  older  method.  Mr.  Everehea 
and  Principal  Obver  Lodire  had,  in  toe  meantime,  much  advanced  the  sjetem  by 
intrnducing  admirable  call  sjetemB. 

In  1899  I  conducted  some  careful  ezperiments  on  the  Uenai  Straits  which 
determined  the  fact  that  the  maximum  eS'ects  vith  telephones  are  produced  when 
the  parallel  wires  are  terminated  by  '  earth '  plates  in  the  sea  iiself.  It  became 
quite  evident  that  the  ordLuarj  inductive  efl'ects  are  much  enhanced  by  conductive 
effecta  through  the  water,  and  that  in  eonaeouence  shorter  wirea  are  jimctical.  No 
special  apparKtus  seems  necessary.  The  ordinary  telephonic  transmitters  and  re- 
ceivers were  lued  without  induction  ciuls. 

It  became  desirable  to  establish  communication  between  the  islands  or  rocks 
known  as  the  Skerries  and  the  mainland  of  Anglesey,  and  it  was  determined  to 
do  thia  by  means  of  wireless  telephony.  The  lighthouse  at  the  Skerries  was 
wanted  to  be  in  communication  with  the  coastguard  station  at  Cemlyn.  A  wire 
7dO  yards  in  length  was  erected  along  the  Skerriep,  and  on  the  mainland  one  of 
three  and  a  half  milce  from  a  point  opposite  the  Sberrifls  to  Cemlyn.  Each  line 
termioates  b^  an  earth  plate  mto  the  sea.  The  average  distance  between  the 
parallel  portions  of  the  two  wires  is  2'8  miles.  Telephonic  communication  i$ 
readily  maintained  and  the  service  is  a  good  one. 

Further  experiments  with  wiraleas  telephony  have  recently  been  made  by  Mr. 
Qavey  between  Bathlin  Island,  on  the  north  coast  of  Ireland,  and  the  mainland. 
The  dast  and  west  portions  of  the  island  of  Rathlin  are  about  eight  miles  from  the 
mainland,  but  a  tongue  of  land  projects  southward  to  within  a  distance  of  four  miles. 
Oommunication  was  required  between  the  lighthouse  near  the  narth-eastem  corner  o^ 
the  island  and  the  mainland,  and  the  question  for  solution  was  whether  au  over- 
head line  running  the  whole  length  of  the  island  from  east  to  west  was  necessary 
to  obtain  good  coDununioationj  or  whether  a  aboTter  line  acroffl  the  neck  of  the 
soathem  peninsula  would  ierve.  The  prelimbary  experiments  thet  have  been 
made  prove  concluuvely  that  commumcation,  both  telegraphic  and  telephonic,  has 
been  readily  maintained  by  means  of  temporary  wires  estanlisbed  across  the  necli 
of  the  peninsula  along  the  shorter  line.  Wireless  telegraphy  across  the  sea  is 
now  a  practical  and  commercial  system. 

No  experiments  have  yet  been  mudo  with  ahipa,  but  it  would  appear  simple  to 
speak  bj  telephone  between  ship  and  ship  or  between  ship  and  shore  to  consider- 
able distances  by  means  of  a  circuit  formed  of  copper  wire  terminating  at  each 
end  of  the  ship  in  the  sea,  passing  over  the  top-masts  and  using  simple  t«je- 
phones. 


6.  On  the  Apparent  Bmieaion  of  Cathode  Jtat/s/rom  an  Electrode  at  Zero 
Potential.    By  Chables  E.  S,  Phillips. 

It  has  been  noticed  by  many  people  who  work  with  X-ray  or  other  vacuum 
bulbs  that  numeToas  bright  green  patches  occasionally  appear  npon  the  inner 
surface  of  the  glass  walls  of  a  bulb  while  a  discharge  is  pofsing,  espiicially  during 
the  process  of  exhaustion, 

These  green  flecks  vary  con^derably  from  time  to  time  in  shape  as  well  as  in 
.  position,  and  effort*  have  bem  made  to  connect  their  existence  either  with  want 
of  uniformity  in  the  composition  of  the  glass  ot  with  irregularities  in  the  surface 
of  the  negative  electrode. 

I  have  already,  in  another  place,'  given  some  account  of  an  experiment  made 
with  the  Direct  of  cleariug  up  this  uncertainty,  and  Dow  beg  to  supplement ,  that 

'  EUaMeimi,  4J,  l89i),  pp.  j25, 126. 
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work  with  the  folloirinff  obiemtiona  aa  to  the  mum  of  the  pbenamenan.  TIm 
eiperiment  just  referred  to  oonnatttd  in  luiiw  a  pivoted  disc  of  ftlamiainm  u  the 
DegBtive  electrode  in  a  bulb  oontftinini;  nreSed  air,  lo  that  when  (rreaa  patdiee 
appeared  a  rotational  moTemait  of  the  due  (aetnated  hj  meuu  of  an  extenal 
magnet)  would  thaw  whether  the  patches  of  green  moved  in  a  aorrespoDding 
iDaDuer  or  not.    It  was  seen  that  tlicif  did  so  move. 

A  distinct  feature  of  the  ezpeiineiit,  however,  consisted  in  asoertaininK 
whether  those  Seeks  which  persisted  after  the  diicbai^  had  reased  were  still 
sensitive  to  movemeDts  of  the  cathode.  Thia  also  was  fonnd  to  he  the  case.  The 
proof,  therefore,  that  the  fn«eu  patohee  were  associated  with  an  emisnon  from  the 
cathode  appeared  complete. 

But  it  was  further  noticed  that  snbsequentlj  to  the  pasaage  of  a  discharge,  and 
even  when  either  or  both  of  the  electrodes  were  connected  to  earth,  still  the  green 
flecks  were  easily  visible  upoo  the  glaea  walls  of  the  bulb,  and  oontinoad  to  move 
BS  before  when  the  cathode  was  rotated. 

This  was  appareotl;  a  case  in  which  cathode  rays  were  emitted  from  aa 
electrode  at  lero  potential. 

I  do  not  know  that  auj  explanation  of  this  eBect  bas  so  far  been  oiTered,  and 
I  therefore  venture  to  Imng  forward  the  following  su^estionB,  supported  by 
farther  experiments. 

When  a  piece  of  metal  is  placed  in  a  rarefied  atmosphere  and  made  the  neea- 
tive  pole  for  an  electrical  discberge  pasung  across  the  attenuated  gas,  innnmeniUe 
small  bright  specks  of  light  appear  over  the  surface  of  the  metal.  It  was  found 
convenient  in  my  particular  case  to  use  an  iron  electrode  for  observations  of  this 
effect,  because  it  had  the  advantage  of  bnng  readily  magnetisable  from  without 
The  addition  of  a  siniilaT  iron  electrode  to  act  aa  the  anode  determined  the  ahape 
of  the  magnetic  field.     With  aucb  an  apparatus  it  could  be  seen  that  the  brignt 

Zts  appeared  principally  upon  the  cathode  while  the  dischatve  paased,  and  ^at 
creation  of  a  mogoetic  field  between  the  electrodes  made  vuibls  the  individual 
luminous  streams  of  gas  emanating  from  thoxe  tiny  points  of  lifcht.  The  paths  of 
these  luminous  streams,  becoming  bent  by  the  sctionof  the  magnetic  field,  followed 
tlie  direction  of  the  lines  of  magnetic  force  and  exhibited  a  tendency  to  become 
spiral  in  accordance  with  well-known  laws.  In  this  way  a  fine  layer  of  sodium 
upon  the  anode  was  caused  to  fluoresce  through  the  action  of  the  negatively 
electrified  particles  beating  down  upon  it.  One  was  able,  in  fact,  bj  thia  means 
to  cast  sbadowB  of  objects  placed  in  the  paths  of  the  bent  streams,  and  at  a  pres- 
sure considerably  higher  than  that  necessary  for  the  production  of  the  well-known 
cathode  shadow  effects.  In  the  above  case,  however,  the  method  served  to  clearly 
retablish  the  fact  that  the  brifcht  points  of  light  npon  the  surface  of  the  catho^ 
indicated  the  places  from  which  IJie  jets  of  gss  originated. 

The  number  of  these  juts  became  less  as  the  exhauction  was  continued,  and 
individual  streams  were  very  clearly  Beeo  owing  to  the  action  of  the  magnetic 
field.  When  the  discharge  began  to  cause  fluorescence  ia  the  glass  of  the  bulb 
some  green  patches  made  their  appearance,  and,  in  some  cases,  when  the  cathode 
was  magnetjaed  a  bright  spot,  which  was  previously  judged  to  indicate  the  origin 
of  a  green  patch  upon  the  glass,  would  shift  to  a  new  position  upon  the  electrode. 
In  all  such  cases  the  corresponding  patch  also  moved  in  a  similar  manner  upon 
the  glass. 

At  sufficient]  v  high  exhaustions  the  bright  spots  upon  the  electrode  disappeared 
entirely,  although  gieen  flecks  were  still  visible  upon  the  glass.  But  a  movement 
ss  before  of  the  electrode  as  well  as  its  msgnetlsation  gave  results  consistent  with 
previous  observations. 

Under  these  conditions,  when  the  discharge  through  the  bulb  was  stopped 
green  flecks  were  still  visible  for  about,  ten  seconds. 

A  positively  charged  body  was  brought  up  to  the  outude  of  the  bulb  and  the 
patches  brightened  considerably.  A  negative  charge  similarly  placed  extin- 
guished the  Seeks  completely. 

Finally,  vacuum  bulbs,  such  as  X-ray  lamps,  &c.,  exbibidng  green  flecks  while 
in  operation,  were  generally  found  to  deteriorate  if  laid  aside  for  a  mootb  or  two, 
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«wii%  to  an  iDCMMe  in  die  pratsora  of  the  coatained  gaa,  Weaee,  therefore,  th»t 
in  the  first  place,  the  bright  points  of  Hght  upoa  the  surface  of  the  nthode  u« 
•doe  to  the  emission  of  fins  jeta  of  gax ;  also  that  suob  jets,  if  negatively  charged, 
auy  bo  made  to  cast  shadows  of  objects  suitably  pl»ced  in  their  patlis.     It  is  at 


the  same  time  clear  that  the  gieen  flecks  referred  to  above  a 
|tas8^  of  a  discharge,  to  these  same  jets  of  gas  impinginf^  upon  the  inner  siae  at 
the^afis  walls,  and  that,  under  the  conditions  existing  immediataly  subsequent 
to  the  passage  of  tlie  discharge,  sUevns  of  gas  ccmtiaue  b>  be  emitted  froa 
tlM  pores  of  the  electrodes.  In  spite  of  the  fact  that  (with  the  electrodes  con- 
nected to  earth)  these  streame  comist  of  uaelectrified  particles,  they  assume 
■that  property  of  ionisation  during  tbdi  passage  across  the  space  within  the 
bulb  winch  appears  to  be  esaenti^  to  the  prodnction  of  local  fluorescence  in 
the  iriasB  upon  vhich  they  impinge. 

This  latter  effect,  while  explaining  the  process  by  which  a  cathode  emission 
may  appear  to  originate  at  an  electrode  with  no  electrical  charge  upon  it,  is  one 
to  wbicn  1  wish  to  draw  especial  attention,  for  there  is  reason  to  believe  that  the 

A  at  which  the  individual  parliclea,  constituting  the  jets,  move  cannot  exceed 

rate  at  which  sound  is  propagated  in  the  rarefied  medium. 

It  is  therefore  interesting  to  find  that,  under  such  circutnetances,  fluorescence 
was  produced  iu  the  Klass  upon  which  the  streams  impinged. 

As  many  of  the  observationa  referred  to  here  were  made  during  the  courst  of 
-an  inveetigation  into  tbe  diselectrifyiag  action  of  magnetism  now  being  carried 
out  by  myself  at  the  Davy-Faraday  Laboratorv  of  the  itoya]  Institution,  I  desire 
to  express  my  indebtedness  to  the  managers  of  that  institution  for  the  facilitiee 
whicEtl 


epeed 
t&era 


-which  they  have  kindly  placed  at  my  disposal. 


<.  On  Volta-electromoUve  Force  of  Alloys^  aitd  a  Teat  for  Cliemical  Unicm. 
By  Dr.  G.  Gobs,  F.E.S. 

1  physical  propwtieo, 

o  detect  the  existence  of  a  eompouad 
ID  an  alloy  F '  > 

In  reply  to  this  I  beg  leave  to  sa^  that  whilst  a  gain  of  mean  electromotiTe 
force  of  an  alloy  when  used  as  a  positive  plate  in  a  voltaic  cell  indicates  that  the 
-coiutitueuts  of  the  alloy  are  simply  mixed  tcvether  or  dissolved  in  each  other,  a 
ioM  of  inean  electromotive  force  shows  that  they  are  chemically  comlnned. 

It  is  well  known  that  umple  dilution  of  an  electrolvt«  usually  diminuhet  the 
apparent  electromotive  force  of  a  simple  voltaic  couple  immersed  in  it.  In  a 
research,  however,  on  'The  Relations  of  Volta^lectromotive  Force  to  Latent 
Heat,  kc.,  of  Electrolytes,' '  I  found  that  in  eighteen  out  of  nineteen  cases  of 
mere  dilution  of  electrolytes  with  water,  on  measuring  the  apparent  electromotive 
foTcee  of  a  ample  voltaic  couple  immersed — Hrst,  in  water  atone ;  secoDdly,  in  an 
undilnted  electrolyte ;  and  tbirdly,  in  the  same  ejectrol^  diluted-— a  pain  of  mtan 
«Jactromotive  force  was  produced  by  the  diluted  liquid  above  that  of  the  mean 
amount  as  calculated  from  the  separate  amounts  excited  by  the  water  alone  and 
hy  the  undiluted  liquid.  And  I  further  found  by  a  similar  process  in  a  subsequent 
TMwaieh  on  '  A  Metiiod  of  Meaaurinc  Loss  of  Energy  due  to  Ubenucal  Union '  * 
that  when  the  ingredients  of  two  electrolytes  (such  as  an  acid  and  an  alkali) 
mixed  togetlier  with  strong  chemical  union,  a  lott  instead  of  ayom  of  tnoon  amount 
of  electromotive  force  occurred  ;  and  that  when  two  electrolytes  mixed  bwathw 
witbont  any  d^ree  of  snob  union,  as  thevare  considered  to  ao  in  cases  of  mere 
dilntion,  a  gain  of  mean  amount  of  such  force  nearlv  always  took  [daoe.  Similady 
with  metals  dissolved  in  m««ur^  and  with  solid  alloys  used  as  positive  electrodes, 
tlie  admixture  of  one  metal  with  another  when  unattended  by  chemical  union 


'  Ifature,  August  16,  1900,  p.  3e9. 
*  Pkit.  Mag.,  AuKOSt  1S9),  p.  165. 
'  Pkil.  .Vny.,  January  !89S,  p.  29. 
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nsiully  matiutd  the  tntan  electromotive  force,  but  when  attended  hj  roch  uiaon 
vmuHlj  dtertiutd  it} 

peterminations  of  the  ■mounts  of  apparent  elecCiomotiTe  force  yielded  br 
Tarioua  allojB  of  copper  uid  linc  when  lued  as  positive  plates  in  a  voltuc  ceQ 
bare  been  made  by  A.  P.  Laorie,'  and  are  given  iq  the  first  three  cdunuu  of  Uw 
ic^owing  table ;  and  I  have  ealca!at«d  from  these  numbers  the  mtan  electromotiTv 
teatet  and  the  percentage  cbanges  of  such  forces  of  the  alloys,  according  to  tb*- 
■netliod  Just  nferred  to.    Tbey  are  as  follows : — 

Copper-sine  Alloy  an  a  PoHlivK  Plain. 


1. 

Parts  ofZint 

9. 
Parts  of 
Copper. 

Volto. 

4. 

Calcokto 

EJf.P. 

100-0 

-020 

36-0  + 

76-0 

—  020 

-f-1350 

44-6-1- 

86-4 

-t-'040 

-1--2S66 

49S-f 

60-5 

-h-070 

-^-2860 

60'7  + 

49-8 

-I--O70 

■•-•2946 

62-8 -»■ 

i.V2 

076 

-(■■3070 

S3■fi-^ 

46-1 

066 

-1-  -3142 

66-1 -K 

48it 

-1- 

070 

-f-S279 

6S'3-f 

41-7 

080 

-h-3407 

63-0 -f 

370 

086 

-t--870n 

63-6 -f 

36-5 

086 

+  -37S7 

64-1  + 

359 

-*- 

160 

■^  '3775 

•66-2  + 

33-8 

-1- 

630 

-1--3906 

66-8 -h 

83-2 

4- 

620 

-K-3943 

68■l■^ 

31-9 

* 

540 

-f-4022 

69-7 -^ 

30-3 

670 

-f  -4122 

77-0 -h 

23-0 

600 

t  ■4674 

83-6 -H 

16-4 

680 

+  '49S3 

87-6  + 

12-4 

690 

■1--6281 

96'6  + 

3-5 

590 

■•-■6783 

1«M)  + 

600 

According  to  these  numbers,  whilst  the  apparent  amounts  of  electromotiT» 
force,  aa  shown  in  column  3,  increased  in  nearly  all  cases,  and  with  tolerable 
Tegnlari^j  with  the  increaMd  proportion  of  line  in  the  alloys,  the  mtan  amouDla, 
•s  shown  in  cotumn  4,  behaved  very  differently ;  thus  witn  all  the  aJloya  con- 
taining more  than  33-8  per  cent,  of  copper  (sffreein^  with  the  formula  Zti*Cu) 
there  was  a  loit  of  mean  electromotive  lorce,  and  with  less  than  3fi-9  per  cent, 
there  was  in  all  cases  a  gam  (see  column  6). 

~We  may  reasonahly  infer  from  the  results  obtained  by  dilution  and  mixtore 
of  electrolytes,  and  of  metals  with  mercury,'  that  not  only  these,  but  the 
reaulta  obtained  with  tolid  alloys  of  copper  and  sine,  are  largely,  if  not 
entirely,  dependent  upon  two  in&uences,  vii.,  dilution  and  chemical  union,  tba 
former  tending  to  increase  and  the  latter  to  decrease  the  mean  electtomotive 
Corce,  and  that  had  there  been  no  cases  of  chemical  union  in  the  foregoing 
table  there  would  have  been  none  of  lott  of  mean  electromotive  force.  The 
effect  of  chemical  union  upon  electromotive  force  appears  to  have  been  gnater 
than  that  of  dilution  in  all  the  mixiurea  which  contained  more  than  33'6  per  cent. 
of  copper;  and  the  numbers  in  column  4  indicate  what  the  apparent  a 
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eWtromotive  foic«  would  hftve  been  if  tliere  had  been  no  changes  caused  dtlier 
by  dilution  or  by  chemical  union. 

^11  the  facta  appear  tA  be  coDostent  with  the  theory  that  dilation  incraasea 
and  chemical  union  decreases  the  freedom  of  molecular  moTsment. 


7.  A  Lecture-room  Volt-  and  Amperemeler. 
By  Professor  F.  G.  Bajlt. 
A  d'AraoDval  galTanometer  of  moderate  resistance  is  used,  and  a  powerful 
lantern  throws  a  conspicuous  circle  of  liaht  on  to  a  large  semi-transparent  scale. 
A  high  resistance  and  a  set  of  shunts  allow  of  the  measurement  of  electromotive 
forces,  the  scale  being  adjusted  to  read  directly  in  volts  or  laultipleB,  and  a  range 
of  -06  volt  to  300  TiStB  being  obtuned.  By  the  omission  of  the  high  renstaneea 
the  galvanometer  and  shunts  maybe  used  lor  ordinary  purpoHes,  and  maybe  adjusted 
to  measure  thermo-electric  forces.  Currents  from  '5  mimampere  up  t«  30  amperes 
are  measured  by  the  diOerence  of  potential  between  the  ends  of  a  low  resistance, 
two  alternative  resistances  being  used,  and  the  range  is  improved  by  the  use  of 
resistances  in  series  with  the  galvanometer.  A  tapping  and  a  reverang  key  are 
fixed  on  the  box. 

8.  On  the  Phoaplioreaeent  Qloto  in  Oases. 
By  John  B.  B.  Burke,  M.A. 

When  a  ring  or  electrodeless  discharge  is  sent  through  a  gas  an  after-glow  is 
produced,  at  preasurea  within  certun  limits,  in  air  varying  bstween  0*7  mm.  and 
0-02  mm.  A  series  of  experiments  was  earned  out  to  investigate  the  cause  of 
this  glow,  and  it  was  found  that  it  was  du»  to  particles  which  do  not  carry  a 
charge  of  electricity,  but  nevertheless  produce  conductivity  in  the  gas  as  they  pass 
tlirough  it.  They  are  not  etopped  in  their  motion  through  charged  wire-ftausse 
electrodes,  nor  by  an  electromotive  force,  and  yet  cause  aearrent  to  pass  between 
two  such  electrodes  situated  lower  down  in  a  long  vacuum  tube.  The  glow 
diffuses  through  narrow  brass  tubing  which  is  well  earthed,  proving  that  the  kIow 
itself  does  not  carry  a  charge.  Wlien  the  diffusion  takes  place  through  a  Erase 
tap  between  two  large  bulbs  the  glow  lasts  three  or  four  times  as  long  in  the  one 
that  the  discharge  has  not  passed  through ;  and  it  was  found  that  the  glovr  in  the 
former  was  destroyed  instantaneously  when  a  discharge  was  sent  from  a  small 
induction  coil  between  two  electrodes  in  a  side  tube,  showing  that  the  glow  was 
destroyed  by  the  ionised  gas. 

The  conductivity  observed  was  probably  doe  to  the  breaking  up  of  the  phos- 
phoreacent  molecules  by  the  ions  produced  by  the  spark  as  tlio  glow  moved  through 


XOlfDAY,  SEPTEMBER  10, 

The  Section  was  divided  into  two  Departments. 

The  folbwing  Reports  and  Papers  were  read  :— 

DBPARTKmiT  I. — ^Mathematics. 

1.  Report  on  Tablet  of  eertam  MaihemaHeal  Funetion». 
See  Reports,  p.  46. 


3,  Report  on  the  Pretent  State  of  the  Theory  of  PoiiU-Groups. 
See  Reports,  p.  121. 
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3.  A  Propertf/ o/ the  Charaeterittie  Symbolic  DelennituttU  qf  any  n  Qfianlie» 
in  a  Variablea.     By  M&jor  P.  A.  MacMahon,  F.R.S. 


If  a^,  <C'  ■  ■  ■  "«  **  *"y  "  quantica  in  m  rariablea  i 

that 

a„-«„x, +o,^,  +  .  .  .  +  a,^-.  Mdo„.  «,„ 

an  umbm,  and 

<«!  ■■■ "»-  ■•  ■**',,„.-.(,  ^'  ^' ■  ■ 

.x';+. . . 

the  paper  is  concerned  witfa  the  eum 

22  ...  S  C, ,_ . . .  ,^ 

the  sum  being  for  all  positive  inte|p«l  values  of  f  „  ^.„  .  , .  f ,. 

It  is  shown  that  'iff^ffi  denote  the  characteristic  detenninant  of  umbtK 

'  a„-e,a      .  .  . 


the  sum  \a  queetion  ie 


(-)■ 


4.  &«r  /m  Rdations  enire  la  OionUtrie  Prvjeetitte  el  la  Mieaniq^ie. 
Par  M.  CrpABiBSOS  BrdPHAJTOfi. 

Monsieur  St^pbanoeerpliqueetpiteiselerdle  de  lagtomdtrie  projectiTe  dans  la 
mteanique,  et  surtout  en  statique,  en  R'appujant  but  ce  fait  fondunental,  pent-ette 
Don  encore  Temarqu^,  que  les  seulee  tranaforniatioiui  entre  lee  coordonn^  pliick^ 
riennes  d'une  force  qui  raspectent  I'^uilibre  (e'est-i-dire,  qui  transfonnent  un 
SfStime  quelconque  de  forces  en  fquilibre,  appliqud  h.  un  corps  soljde  iibre,  en  un 
autre  Byst^me  de  forces  ^:ateinent  en  dquilibre;  sont  pr^isemeDt  dee  tranaforma- 
tiona  lin^res  et  homogdnea.  Les  transforoiations  lin^airea  correepondeut  daiw  le 
plan  am  homographiee  planea,  tandis  que  dans  I'eapace  elles  cnrreapondent  aiut  Ji 
dec  homof^phies,  soit  4  des  correlations. 

Cela  ^tant,  lee  considerations  et  lee  m^tbodes  de  la  gAomdtrie  projective  (taut 
Bjuthetique  qu'aoalvtique)  sent  indiepenaablee  en  statique,  et  surlont  en  atatique 
graphique,  non  seulament  pour  la  coordination  dee  r^sulbats  ddjik  connus,  mail 
Hueffl  pour  ras9Qroment  gfinSral  et  le  proRrfin  ultdrieur  de  cetto  partie  de  la 
mScanique. 

Enui  M.  St^phanoe  attire  partie  uli^rement  rattention  snr  lea  affinit^g  de 
t'espace  (tiansformations  homo^rraphiquea  qui  laiseent  invariable  le  plan  k  I'infini). 
Les  affinitds  ont  senles  cette  vertu  remarquable  de  respecter  fidSlement  lee 
diagnunmes  de  la  statique  en  faisant  transformer  point  par  point  tout  diagramme 
de  forces  en  Aquilibre  en  un  autre  diagramme  de  fbrc«a  Sgalement  en  ^uilibre. 
Paccontre  lee  transfomuitions  homographiques  g^ndralee,  auHai  que  lea  corral ations 
de  I'cBpace,  donnent  imm^iatemnnt  lea  lignea  d'action  dee  forces  traneform^es,  maia 
non  leure  intensity,  dont  la  determination  demands  nne  construction  anxiliaire. 


5.  The  Use  of  MvJtiple  Space  in  Applied  MatKwttUics. 
By  H.  S.  Cabslaw. 
The  ordinary  method  of  Images  may  be  used  in  the  solution  of  problams  iu 
Electtoetatica,  &c.,  when  the  bounding  planes  meet  at  an  angle  ~ ,  bnt  it  fuls 
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wheD  the    angle  ot   iDclination  it  ^  (n,  oi  poutiTe  intogere).    Dlustntioiw : 
'<w=l,2);    '^{m  =  l,n  =  8:  »n  =  2,n  =  3). 

So  iWi  as  I  can  leani  it  was  flnt  pointed  out  hv  SommerfeU,*  that  a  tUemann's 
surface  might  he  here  emplo]r«d,  and  with  the  help  of  a  Multiple  Space,  probiema 
in  £lectn>atatic«,  Electric  Condaction,  HfdiodynamioB,  Sound,  and  Coi)d(u;ti<m  of 
Heat,  in  which  the  botksdsriee  aie  planes  meeting  at  an  angle  — ,  have  now  heen 

solTsd  bj  Images. 

The  idaaa  mvolTed  may  be  illu8tTat«d  by  the  pot«atial  prohlem  in  which  the 
boundary  ia  the  Mmi-infinite  plane  6^0. 

There  ia  nothins  to  prevent  ns  — nrning  that  in  this  case  the  apace  with  which 
we  have  to  deal  ia  defined  by  the  range  of  c<0<3tr,  and  the  beha^our  of  the  solu- 
tion of  the  equation  V'^^OiOutude  that  range  neeid  not  concern  na.  Itia  found* 
that  the  periodic  function 

andr-coa(*r.*'), 

ia  a  solution  of  the  equation  ^'u  =  o,  with  the  required  properties,  its  only  singu- 
larity, in  the  range  -2ir<d<^,  being  at  (r',  ^,i^-  Galling  tbisthe  solution 
corretpondiDg  to  a  pole  at  (0'),  if  we  associate  with  it  that  due  to  a  pole  at  (—^), 
we  obtain  a  Amotion,  satisfying  the  boundary  oouditjous,  with  only  Uie  one  singu- 
larity in  the  range  with  which  we  are  ooucemed. 

Similar  ideas  enter  into  the  solution  of  the  other  questions  of  this  nature ; 
where  the  ordinary  Image  method  would  reproduce  singularities  in  the  original 
space,  by  taking  a  function  of  a  suitable  period  (a  Riemann's  space  of  the  proper 
order)  this  resiOt  ia  avoided. 

The  problems  in  potential  invoUing  epherical  boundaries  may  be  solved  by 
Inversion  from  the  above.  Hobeon  baa  considered,'  by  discussion  in  seriea,  the 
direct  solution  of  the  cases  of  the  circular  disc  and  spherical  bowL  By  a  method 
similar  to  Sommerfeld'a,  I  have  found  the  solution  for  the  general  case. 

Taking  the  coordinate  system  employed  by  Hobeon,  in  which  the  poaritioo  of 
the  point  P  is  defined  by 


PA, 


the  boundary  6  ^  constant,  represents  a  portion  of  a  spherical  sur&ce,  of  which  the 
rim  of  the  circular  disc,  whose  diameter  ia  AB,  is  the  base.  If  we  are  dealing  with 
the  space  bounded  by  an  infinite  plane  with  a  circular  hole,  we  define  this 
region  by 

o<e<2n, 
and  asaocnate  with  it  that  defined  by 

-2ir<fl<o. 
Corresponding  to  the  siogDlarity  at  (6'),  we  shall  have  one  at  {—9'). 


<  V,  Google 


When  the  booodary  is  the  infinite  pla 
iar  our  Physical  Space  m  giveo  by 


1  with  hemiBpherical  bowl,  we 


nd  requiie  three  reTolutions  of  the  ndius  vector  to  complete  01 
hepoW  will  now  be  at  ( 1  ^,  ( i: {Sk+B^). 
llie  general  aolution  (of  period  Snv)  requirad  for  snch  proble 


r  Multiple  Space. 
IB  IB  given  by 


wV2 
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6.  Determination  qfSuceeeaive  High  Primes.     By  Iiettteiumt-CoI<«tel 
Allah  Cdkkiitohah,  R.E.,  and  H.  J.  Woodall,  A.S.C.Se. 

A  ({leneral  method  is  described  of  determininft,  in  a  compendious  manner,  the 
vAoIe  of  the  primea  within  a  given  range.  A  table  is  given  showing  the  laipett 
fitctottt  of  all  the  numbere  between  <2"  t  1020),  i'a  between  10,776,196  and 
16,778,236,  which  brings  them  all  within  the  power  of  the  existing  large  hctof- 
tables.  Hue  detemtinee  the  whole  of  the  Bigh  Privtet  (117  in  number)  withia  the 
above  range,  as  in  table  below ; — 

iMf  of  117  Sigh  FrimfM  belieem  (2"  t  1020). 


_ 

371 

nxi 

71» 

SOI 

l>27 

21.1 

447 

ARR 

.37» 

fiSS 

7Ht 

Mitt 

IMSt 

3R9 

4113 

«Rft 

i\i 

H»l 

«)■/ 

7MI 

tt.^1 

(Ktlt 

'.•JtH 

4!Ht 

K4H 

«I7 

^f>^ 

fil^ 

7«;-l 

mi 

T,^l 

W)7 

fifi» 

Wt<4 

m 

B2» 

HI  7 

Ml 

127 

;i3i 

fiSI 

fi7St 

ST  3 

4HH 

KUl 

H«l 

:-(h:i 

fiTI 

«Hl 

an 

4HI 

«fiH 

MHit 

mi 

;-i;-t7 

fi7T 

HilH 

:i.H7 

491 

(;7H 

Hfi7 

fl7l 

IM 

3Hl 

fiit7 

711 

H4S 

tiKH 

«HH 

HYH 

IM.H 

(MM 

V2l 

36T 

617 

6»l 

DHU 

ItH) 

6i» 

72a 

777    ,   9*9    ,     — 


7.  On  the  Construction  0/ Sfagic  Squares.     By  Dr.  J.  Willis. 


8.  The  Atyfj/getic  and  Ptrpetuaait  CowtrianU  of  Syttmnt  of  Bittari/ 
Qwtntics.  By  Major  P.  A.  MacMahok,  F.R.S. 
The  perpetuant  theory  connected  with  a  single  binary  qusntic  has  been  com- 
pleted as  a  consequence  of  the  fact  that  all  the  afyzygetic  fieminvanAnts  of  nvw 
order  are  known  and  easily  repTesentnble.  The  object  of  tbe  present  paper  is  to 
extend  this  knowledge  to  the  seminvariant  forms  connected  with  a  ajatem  of 
binary  quantics.  The  method  of  Stroh  is  then  applicable,  and  tbe  complete  tteoiy 
can  be  established  without  difficulty. 
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9.  Onthe  Symbolism  appropriate  to  the  Studt/  oj  Orthogonal  and  BooUan 

Inmnriant  Syeteme  which  apperUnn  to  Binary  and   other  Qwmtict. 
By  Major  P.  A.  MagMahon,  F.R.S. 

bj  considering  the 
_  _  irUnce,  snd  to  paj 

eompMmtirelj  little  attention  to  the  invuiHit  forms  coimected  with  the  orthog'Onal 
and  Boolian  suhatitutions.  These  lAtter  subatitutioDB  are  puticul&r,  and  give  risa 
to  » iHunber  of  forma  which  include  those  which  arine  from  the  general  Bubscitu- 
tion ;  so  that  fhna  one  point  of  Tiew  the  ordioarj  invariant  theory  is  a  paiticulaT 
case  d  the  theory  of  orthogonal  or  of  Boaliaa  invuiants.  This  is  the  view  t«ken 
in  tlua  paper ;  the  orthogonal  aad  Booliau  Hjatems  are  stadied  by  means  of  six 
invariant  cymbolic  fscCcwg,  and  at  any  time  the  theory  of  Clebach  and  Gordao 
and  Aronhold  can  be  derived  fay  restricting  attention  to  die  two  symbolic  fhotors 
employed  bj  tbem. 

10.  A  Qmntic  Cvrve  oannot  have  more  thanJifteen  real  Points  q/  Ir^texion. 

SyA.B.  Basut,  F.B.S. 

Zaullien  has  shown '  that  not  more  than  one  third  of  the  totkl  number  of  points 
of  inflexioii  that  a  qnartic  curve  can  have  can  be  real.  I  propose  to  show  that  a 
■imilar  pro^ition^olds  good  in  the  case  of  a  quintic  curve. 

A  quintic  curve  cannot  have  more  than  six  double  points,  nor  more  than  forty- 
five  points  of  inflexioti. 

Let  A  B  C  be  the  triangle  of  reference ;  and  let  A  be  a  triple  point  composed 
of  tliree  real  cronodes ;  and  let  B  be  a  real  cninode.  Then  tae  eqnatiOD  of  the 
quintic  is 

a'Wj  +  oytrj  +  y*iDj  =  0 (1) 

where  ii„  e„  v,  are  binary  cubics  in  jS  and  y. 

Since  each  tangent  at  the  triple  point  is  composed  of  two  real  nodal  tangents, 
the  three  tangents  at  tliis  point  count  as  six  real  stationary  tangents.  If,  however, 
each  tangent  at  the  triple  point  has  a  contact  of  the  third  order  with  its  respective 
banch  (which  is  the  highest  contact  that  a  tangent  at  a  triple  point  on  a  qnintic 
can  have),  each  tangent  counts  tliree  times  as  a  real  statbnary  tangent ;  and  there- 
fore the  forgoing  singularitv  reduces  the  number  of  raal  points  of  inflexion  by  nine. 
In  this  case,  c,  ■•  Au,,  and  (1)  becomes 

(o'  +  AoyK  +  y^.  =  0 (3) 

If  each  of  the  tangents  at  the  crunode  B  has  a  contact  of  the  fourth  order  with 
its  respective  branch  (which  is  the  highest  contact  which  a  tangent  at  a  node  on  a 

Suintic  can  have),  each  tangent  connu  three  titnee  as  a  stationary  tangent,  and 
lerefore  the  tongoiog  singularity  reduces  the  number  of  rtat  points  of  inflexion 
by  NX. 

We  sh^  now  show  that  these  two  singalarities  can  coexist  on  a  quintic. 
Let 

then  (2)  may  be  arranged  in  the  form 

l8'{X(a't*By)  +  V}+;8V{M{«'  +  *<T)  +  '»/l 
+  3y'M<''  +  *^)  +  V}+^(»'  +  *«T)+Pr'=0         .         .         (8) 

If  the  nodal  tangents  at  6  have  a  contact  of  the  fourth  order  with  their 
lespeetive  branches 

IfpX.m-pl 

itatk.  Aniialgit.  18TS. 
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and  (8)  become* 

EqnitioD  (4)  showe  ihkt  the  tvo  fore^ii^  an^nlaritieB  can  coexut  on  B  quintic. 
Moreover,  then  a  notbinfr  in  the  preceding  eqiutions  of  condition  which  prBTsute 
Tslaea  being  ataignad  to  the  constAnta  which  make  the  BingnIaritiM  at  A.  and  B 
real.  Hence  a  quintic  csn  have  fifteen  rtal  points  of  inflexion.  If,  boweTer,  a 
qoiDtie  could  have  Harenteen  real  points  of  inflexion,  it  would  be  poaeible  to 
detennine  the  conat&nt«  bo  that  C  should  be  a.  real  crunode.  Thia  would  reqiuTe 
that 

in  which  case  the  quintic  would  break  up  into  factors.    Hence,  fifteen  is  the 
maximam  nnmber  of  real  points  of  inflexion  that  a  quintic  can  have. 

The  fact  that  in  the  caae  of  cubice,  quaHica,  and  quinlica,  only  tme  third  of  tfae 
total  DiunbeT  of  points  of  inflexion  can  be  real,  leaves  very  little  TOcaa  U>  donbt 
that  this  law  is  uniTeranllj  true  in  the  case  of  all  algebraic  cuTTCe. 

11.  On  a  CerUrai-d^erence  Interpolaiion  Formula. 
By  FrofesBor  J.  D.  Evbrbtt,  F.R.S. 

The  best-faiown  formuln  for  int«n>olation  b;  '  centml  diflerencea '  are  difficult 
to  carry  in  tile  memorj  on  account  of  their  unsjetf  matjc  aspect,  ooe  law  being 
applicable  to  the  odd  and  another  to  the  even  terms.  This  disadTantage  does  not 
attach  to  the  formula  here  proposed. 

Let  Ug  and  u,  be  two  tabulated  values  between  which  a  value  ia  to  be  inserted 
at  distance p  from  Ugand  q  from  u,,  so  that^  +  7<=l. 

If  we  r^id  Ug  and  u,  as  ordiuates  joined  hj  a  straight  line  cut  in  the 
required  ntio,  the  ordinate  of  the  point  of  section  is  g^-*-pi't,  which  is  a  firat 
approzimation,  exact  when  second  oiffeTences  vanish.  A  second  approximntion, 
exact  when  fourth  differences  vanish,  is 


gug+pu, 


,_^(?+l)?(j-l)^8. 


(p-.l)p(f-l)^^ 


where  in  conformity  with  the  notation  explained  in  my  paper  of  last  year,' 
Adug  A3u,«Te  the  central  differences  of  the  second  order  corresponding  respectivelj 
to  Hg  u,.  This  is  a  sufficient  approximation  when  ^  of  the  sum  of  the  twocentral 
fourth  differences  is  ncffligible.    The  complete  formula  is 

1     .  .  .  .(2r+I)  ^      -^     1      ....(2r  +  l)  ^' 

where  the  numerators  and  denominators  are  bctorials,  all  having  Sr+1  foctora 
with  unity  as  the  common  difibrence. 

The  only  novelty  about  the  formula  is  the  dmplicity  of  its  form.  Bach  pair  of 
terms  is  equivalent  to  a  pair  of  terms  in  the  second  of  the  two  central-diflerence 
formulte  of  Stirling  (Melhodut  Differmtialis,  Prop.  20),  which  in  reproduced  in 
some  modem  works ;  but  that  formula  contains  odd  as  well  as  even  ditlerences. 

Since  g  —  1  is  —p,  and p~\  is  —g,  the  above  formula  may  be  written 

9^  +P",  -^  U?  +  1)aB«,  +  (p  +  l)Ato,  ( 

which  (in  the  aheence  of  a  table  of  numerical  values  of  the  coefficients)  is  perbspa 
□  the  Quarterlf  JounuU  ef 
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the  beat  shape  for  practical  eaJculatioD,  and  which  funuBhea  an  intermediate  step 
in  compariiig'  the  fonuula  with  Stitliiig'e. 

To  prove  the  fonnola,  note  first  that  sioce  the  Mcond  ceatntl  difference  &l^x) 
or/(*  +  ir)  — 2/'(j:)+/(i'  — ii)  is  not  altered  by  changing  the  iign  of  Az.the 
yalne  of  b,hf(q)  in  the  same  when  the  independent  variahle  is^  as  when  it  ia  q. 

DaD0teC?±rL- -;-^-^«-;[j  by  *,(?),  ao  that  ^M  ^ g,  and  *,(j)  =  «  ^  ''l^^g^^ 

e  independent  variable,  and  deBotmg  the  value  of  our  aeries  by 
{p),  we  Dave 

f  (p)  =  J"^  +  *i(?)A3"o  +  *,(9)A'^9'«c,  +  4c. 

+j«i,  +  ^i(p)ifl«i  +  05(/i)4'8^i  +&C. 

iaF(p)  =  jABKq  +  ip  I  (gWShi  +  &c. 

d'CT(tt)  =  jA'B'Ko  +  &c.  +^i'(''ii|  +  &c, 
Qifingp  th»  values  0  and  1,  tbe«e  become 


Hence  F  (p)  coinrades  with  u  for  all  the  tabulated  values  that  can  be  built  up 
6'oni  %t>,  and  their  even  central  diflereneee  to  the  r^  inclugivB,  that  is  for  tli» 
2r  -K  2  valuea  of  which  u^  and  u,  are  the  two  ceotral. 

Moreover,  when  q  is  replaced  by  its  valve  1  *p,  F(p)  has  the  standard 
parabolic  form 

A„  +  AjP  +  AjP=+    .  .  .    +A^+,^''" 

containing  Sr  +  2  coDstanta  to  be  deduced  ttom  the  given  2r  +  2  tabulated  values. 

Since  &'i^^^x)  =  ipg(x)=x,  we  may  write  0r(.))=  i-'i-'x,  it  being  understood 
that  in  each  inverse  operation  A~'  or  a-',  the  arbitrary  constaat  is  to  be  so  taken 
as  to  make  the  result  vanish  with  x.     The  formula  may  then  be  written 


+  iP 


■  (Afl)-'} .  a8  +  (a8}-"?  .  (-^dy  +  &.C.]  Uo 

+  {A«-'p .  &i + (aB)->  .  i^hy  *  &e.]  u,. 


In  like  manu. 

3r  the  ordinary  interpolatioo  formula 

,,  *,,i..t--f_-:yiXt*= 

1  be  written 

{l  +  A-'l.A  +  A-'l.A^  +  & 

i  the  formula  for  the  same  interpoland 

"o+^'K+i^^aX+Sc. 

can  be  writtea 

li-^t-n.t+if--n.S'  +  i 

Taylor's  Theorem  can  be  written 

/(a  +  .i)  =  (l  +  I>-'l.D  +  I>-'l. 
and  the  Binomial  Theorem 


+  &c.)  1, 
+  &c.)l. 
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'  SdrUng's  first '  formula  can  be  irritlea  it,~u^ 

-  { I  +  (Afl)*' x .  Afi  +  (Afl)-' r .  (AS)"  +  &C.  J  " 

+  ^|i  {(A»)-' ;r .  Aa  +  (A8)-' a^  .(Ad)  +  &e.li(o  i 

ftnd  'Stiriing'i  Beoond,'  witli  orifpD  midiroy  betwean  Ug  and  u,,  can  be  wriHMi 

M,  =  {1  +  (A8)-' 1 .  A8  +  (Aft)-»  1 .  (Ad)' +  &cj^!&±^! 

+  ^~'*?~'(1  +  (A8)-'  l.A»  +  (Afl)-'l.(A8)''  +  ftc.[  Adoi 

bnt  here,  instead  of  the   inveTse  fimctiaiiB  Tanishing  with  x,  A~*  »  to  Tankh,  for 
1=  J  uid  8-'  for  X-  —4. 

12.  On  Ifewton'i  CotUributiotu  to  Central  Differewx  Interpolation. 
By  Prrfeaaor  J.  D.  Evkrbtt,  F.S.S.^ 

Aftoi  a  portion  of  the  preceding  abstract  had  heen  sent  to  the  printer,  I 
dinoTerad  t^t  the  two  fonnals  Imown  as  StirliWa  are  raallj  due  to  Newton. 
They  are  given  in  Prop.  S  of  Newton's '  Methodus  Dinerentdalis,'  which  is  the  doan^' 
one  of  a  collection  of  minor  treatiMS  h;  Newton,  published,  withhisparmimioo,  in 
1711  b^  W.  JonM,  who  states  in  the  preface  that  this  particular  tract  haa  bam 
truucnbed  hy  him  from  a  manuscript  in  Newton's  handwritina. 

1  have  also  found  tn  Lemma  5,  which  follows  Prop.  40  of  the  third  hook  of  the 
*  Principia,'  what  ie  doubtleaa  the  earliest  statement  of  the  ordinuj  interpolatioti 
formula,  now  usuall;  written 


Newton  gives  it  in  ageometric  shape,  x,  x^l,  x~2,  &c.,  being  representad  bj 
linee,  and  he  deflnee  AUg  not  aeu, -u,  hut  aa  u^-u,,  with  a  similar  conrention 
for  higher  differences,  thusreverung  the  signs  of  all  odd  diSerences  as  compared 
with  modem  notation.  Owing,  I  presume,  to  these  di^piisee,  the  formula  appears 
to  have  hitherto  escaped  recognition. 


Depaktment   II. — Mbtkoroloot. 

1.  Ktport  on  Meteorological  Photography. — See  Reports,  p.  56, 

2.  Report  on  Seismological  Observationt. — See  Reports,  p.  59, 

3.  Fifth  Report  on  the  Use  of  Kites  to  obtain  MeteorologiccU  Obterva- 
tions  at  Blue  HiU  Observatory,  Masaachiitetts,  U.S.A.  By  A.  Lawrenck 
RoTCH,  S.B.,  M.A.,  Director. 

Satis&ctory  progress  has  been  made  in  the  work  einoe  the  report  praaentad  at 
the  Dover  meeting,  and  it  is  gratif jiag  to  obaerve  that  Uie  method  of  expkoing  Uie 
ur  b;  meana  of  instruments,  recording  graphicallj  and  lifted  bj  kites,  which  ma 
initii^ed  at  Bine  Hill  in  1884,  is  now  being  extenmvely  used  on  tbe  contineot  of 
Knrope. 

'  Published  in  eztenio  in  the  Journal  of  the  7«jttf«tg  ^AetmarUi,  IMl. 

V,  Google 


TRANSACTIONS  OF  3ECTI0N    A.  651 

By  Bub»titutuig  laigei  wire  m  a  flyiiw  line,  and  so  diminiBhing  relatively  tlie 
wind  reaiatance,  and  by  employing'  kites  that  eiarC  a  f;7«ater  component  of  lift,  the 
aieraf^  height  of  the  fliffhtB  thus  far  made  during  tlie  present  year  has  been 
incieM«d  1,47S  feet  and  tlie  maximum  height  S,S60  feet  over  the  correspondinff 
heights,  in  1899.  From  January  to  the  end  of  July,  1900,  records  were  obtained 
during  fifteen  flights,  tl\a  average  height  attained  by  the  meteorograph  being  8,875 
feet  above  the  adjacent  ocean.  Twelve  of  these  nights  exceeded  S,SOO  feet,  ten 
exceeded  6,500  feet,  six  exceeded  9,800  feet,  and  two  exceeded  18,000  feet.  In  the 
hifriuet  Bight  on  July  21,  hx  kit«e  attached  at  intervals  to  four  and  three-quarter 
mUee  of  steel  wire  lifted  the  meteorograph  16,170  feet  above  Blue  Hill.  Thia 
height  of  16,800  feet  above  liie  sea  sorpasees  the  greatest  altitude  at  which 
meteorological  observations  have  been  made  from  a  balloon  in  America.'  The 
records  obtained  during  1899  have  been  reduced  by  m^  assistaDt  Mr.  Clayton;  a 
continuation  of  his  studiee  of  cyclonic  and  antLcyclotuc  phenomena  by  means  of 
kilea  was  published  as  Bulletin  No,  7  of  the  Obeervatory,  and  a  summary  appeared 


4.  CkarU   iUuatriUing  the   Weather  of  the  Jforth  Atlantic  Ocean  in  Ae 
Winter  0^1398-99.    B^  Captain  Campbell -Hrp worth,  Meteorological 
OSiee. 
The  Meteorological  Council,  having  received  a  large  amount  of  information 

from  the  logs  of  Atlantic  Bteamahips,  have  investigated  the  remarbablj  etonny 
weather  experienced  on  that  ocean  in  the  winter  of  1898-99,  and  charts  for  six^ 
consecutive  days  have  been  prepared  exhibiting  the  atmospheric  conditions  over 
the  sea  and  a  ^reat  extant  oi  tlie  adjacent  continents.  The  discussion  has  shown 
that  while  severe  storms  were  of  common  occurrence  on  the  ocean  America  was 
suffering  an  exceptionally  cold  season,  while  Europe  enjoyed  almost  unexampled 
mitdnees. 

Through  the  first  few  days  the  charts  ahow  comparatively  undisturbed  weather 
on  the  frequented  ocean  rontes,  but  from  Ohristmaa  onward  hardly  a  day  passed 
without  more  or  leas  violent  gales.  The  cyclonic  depresuona  passed  out  to  the 
Atlantic  at  rarioue  points  between  Florida  and  Labrador,  some  crossing  qiucUy  to 
the  vicinity  of  the  British  Isles,  othew— and  particularly  the  worst  one  in  Febnuuy 
— making  ve^  slow  progress.  Remarks  in  the  logs  testify  to  the  tempestuous 
character  of  the  aeasaa  by  frequent  references  to  fierce,  violent  galas  of  harrieane 
force,  mountainous,  tremendous,  and  terrific  seas,  low  temperatures,  and  blinding 
squaUs  of  rain,  hail,  and  snow.  In  the  wild  weather  towards  the  close  of  December 
waves  from  46  feet  to  63  feet  in  height  were  reported,  the  s.s.  Parkman  was  dis- 
abled, and  other  vessels  sustained  damage.  At  the  beginning  of  January  a 
hurricane,  with  terrific  squalls,  raged  on  and  near  the  Bay  of  Biscay,  resulting  in 
various  shipping  casualties.  From  January  6  to  10  violent  galea  were  continuous 
and  damaged  many  ships.  On  the  23rd  the  »,s.  Tumnian  broke  her  propeller  shaft 
and  austaioed  other  damage  dnring  a  cyclone  with  a  mountainous  cross  sea  running. 
The  disturbance  centred  midway  scroes  the  ocean  on  the  3Qth  caused  much  disaster 
to  shipping.  In  the  hurricance,  with  terrific  squalls  and  dangerous  seas,  the 
Ctmaraer  Pavonia  was  disabled  and  the  s.s.  Roiamore  sprang  a  leak. 

The  etaunchest  ships  afloat  were  unable  to  withstand  the  frightful  violence  of 
the  hnrricanes  of  February,  the  powerful  Cunarder  Lucania  and  the  Hamburg- 
American  Co.'s  Fiirtt  Bimarck  being  delayed  about  three  days,  others  a  longer 
time.  On  February  2  the  barometer  fell,  near  the  banka  of  Newfoundland,  to 
27'74  inchee,  and  a  rise  of  ^  inch  was  registered  on  the  R.M.S.  Lucania  in  two 
honrs.  The  Hamburg- American  Co.'s  liner  Btdi/ana  was  disabled  on  the  2nd,  her 
rudder  being  broken.  The  Pnvonia,  BiUgaria,  and  Jtotimore  were  now  at  the 
mercy  of  the  elements,  the  Pavrmia's  boilers  breaking  adrift  on  the  3rd.  Eventually 
the  Paeonia  and  Bulgaria  reached  the  Azores,  but  the  Rostmort  bad  to  be  aban- 
doned to  her  fate. 

'  See  Soimte,  August  3,  1900. 
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Tlie  western  dde  of  the  oeeta  vas  in  greti  turmoil  towards  the  close  of  the 
p^od  under  investigatioa,  a  depreeaioD  skirtiiig  the  Amencan  coast  CAHsiiis 
serere  hDrricauM  and  snowstorms,  a  great  Uiuara  blocking  up  New  York,  and 
for  twentj-fonr  honra  not  a  ungle  Tesee)  was  able  to  pass  Sand;  Hook  inward  or 
outward. 

On  FebruaiT  11  the  barometer  on  the  far  north  of  the  Atlantic  was  down  to 
nearljr  38^  inches,  while  at  the  same  time  there  was  a  readingof  3142  inches 
at  Swift  Current  in  Canada,  believed  to  be  the  highest  record  known  in  America. 

There  was  a  Tery  striking  difierence  in  the  conditionB  obtaining  on  the  continents 
on  either  side  of  the  ocean.  The  Americae  winter  was  characteiised  h;  almost 
perustent  and  severe  cold  in  December  and  February,  and  to  a  lees  ezteot  in 
January.  As  on  the  ocean  February  proved  by  far  the  worst  month,  the  Weather 
Bureau  at  Waahington  stating  that  'the  overshadowing  event  of  the  month  was 
the  severe  and  widespread  cold,  culminating  in  a  freeze  that  for  duration  and 
severity  stands  unparalleled  in  the  history  of  the  Weather  Bureau.'  Temperatures 
below  zero  Fahrenheit  were  registered  over  an  extensive  area,  many  placee  went 
below  —40'",  the  lowest  reported  being  —61°  at  Fort  Logan,  Montana,  on  the 
night  of  the  10th.  Severe  frost  extended  southward  to  the  Qulf  of  Mexico,  both 
the  swift-flowing  rivers  and  Gulf  water  at  the  months  of  the  Hisriseippi  being 

Europe,  on  the  other  hand,  had  an  exceedingly  mild,  open  season,  there  being 
an  entire  absence  of  the  usual  January  cold  over  the  British  Isles,  while  the 
temperatures  recorded  round  February  10  were  unprecedentadly  high,  Greenwich, 
Brussels,  and  Paris  being  higher  by  several  degrees  than  ever  before  eiperieDced 
in  February.  At  Liige  the  thermometer  rose  to  TC'S,  or  ISIJ"  above  the 
American  minimum  of  the  following  night.  The  exceptionally  high  tempenturea 
extended  eastward  to  the  Urol  Mountains,  and  even  Datos  Plata,  an  Alpine 
station  at  an  elevatioe  of  6,120  feet,  had  five  days  with  afternoon  maxima 
between  flff"  and  63°. 


.  The  PkytictU  £;fecit  qf  Winda  in  Towns  and  their  It^uenee  w 
Ventilation.    By  J.  W.  Thomas. 


6.  A  Novel  Form  ofSferenrial  Barometer.     By  A.  S.  Davis. 


7.  The  Bain/all  of  the  Northern  Cotmtiea  of  England. 
By  Jobs  Hopkinsom,  F.R.iiet.Soc.,  A»»oe.Inal,C.S, 
This  is  the  third  of  a  series  of  papers  on  the  rainfall  of  the  English  counties, 
an  account  of  the  rain&ll  of  the  South- Western  Counties  having  been  given  at  the 
Bristol  Meeting  of  the  Association  in  1898,  and  the  ramfoU  of  the  South-Eastem 
Counties  having  been  similarly  treated  at  Dover  last  year.  The  counties  her« 
considered  as  northern  are  Northumberland,  Durham,  Cumberland,  Westmoreland, 
Lancashire,  Yorkshire,  Cheshire,  Derby,  Nottingham,  andLincoln.  They  comprise 
an  area  of  16,383  square  miles,  which  is  considerably  over  one-third  that  of 
England,  and  more  than  one-seventh  that  of  the  British  lalee.  The  mean 
monthly  rainfall  for  the  ten  years  1881  to  1880  at  ninety-four  stations  in  these 
countiea  has  been  computed,  and  the  mean  annual  raiufaO  at  184  sUtions,  being 
one  to  the  nearest  100  square  mUes  in  each  county.  Thus,  for  example,  the  mean 
annual  rainfall  of  the  smsliest  county,  Nottiiwham  (837  square  milee),  is  deduced 
from  the  records  of  eight  stations,  and  that  of  the  Isxgest,  Yorkshire  (5,836  square 
miles),  &om  the  records  of  fifty-eight  stations.  Each  Itiding  of  Yorkshire  has 
been  similarly  treated,  except  that  there  is  one  station  short  of  the  full  number  for 
the  North  Riding,  one  more  than  the  right  number  bwig  allotted  to  the  East 
lUding  in  order  to  bring  the  total  for  the  whole  county  comet. 
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The  monthly  and  ODDual  meani  for  each  county  and  for  the  whole  uea  at  the 
ninA^-fooT  atstioiu  are  as  follows :— 


Mean  Rair\faU  t'n  the  Northern  Cotmtiet  c 
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-"-;  2-12;  1-77  I  3-63:  1-68  i  1-60    2-32 


2'8e    2-06    2-23 1  1'69    2'4S  I 


3-54!  2'G6l  2-3) 


I  2-10  i  2-57  1  2-7*1  1-80  j  1-78'  2-27 

6-31  i  3-981  3-33    3-31  3'56  2  47  |  2-44    3-60 

4-20,  3-64'  3-05    3-061  3-43 1  2-2S  2-30    3-19 

4-90    3-67,  2-70    3-02  3-26,  1-94 1  2-18    3-14 

6-36  ■  3-81     3-72  1  832  I  4-4T  268  2-81     3-72 

«-6Tj  4-01     3-29  1  3-301  4-49  218  2-27.  3-72 

5-46    3'3S    2-86    2-63;  3-57 1  1-89  184,  3-09 
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Tba  annual  meanB  at  the  1S4  stations  are— Northutaberlaad  (19  statioiwj, 
30-78ins.;  Durham  (11  statbmi),  27-22  ins.;  Cumberland  (16stationB),70-02inB.-. 
Westmoreland,  with  Fumeae  (10  stations),  67'90  ins.;  Lancaahire,  without  Furuees 
(16 Btstkona), 38-84 ins.  i  Yorkshire  {68stationB),3S-T3ins.;  Cheshire  (11  stations), 
32-37  ins. ;  Derby  (10  stations),  36-79  ina. ;  Nottingham  (8  statiooa),  25-26  ins.  ; 
and  Lincoln  (36  stations),  24'46  ins.;  the  mean  for  the  whole  area  beinr 
36-16  ins. 

Durint^  the  ten  yean  1881  to  1890  the  rainfall  in  the  North  of  England  was 
rather  lees  than  that  for  the  twenty-fiTe  yean  ending  1890  and  that  for  the  thirty 
years  ending  1895.  Forty  stations  (not  less  than  two  in  any  of  the  ten  counties, 
and  nine  in  Yorkshire)  give  a  mean  for  the  ten  years  1881-90  of  38-&4  ins. ; 
for  the  twentj-Qre  years  1806-90  of  3980  ins.;  and  for  the  thirty  years 
1866-W  of  39-66  ins.,  the  excces  in  this  latter  period  thus  bnng  102  in.,  or 
about  2|  per  cent,  over  the  mean  fall  at  the  same  stations  for  the  ten  years 
1881-90.  The  true  mean  for  the  184  stations  for  the  thirty  years  would  probably 
be  about  37  ina. 

The  mettn  fall  for  the  thirty  years  at  the  for^  stations  in  five-yearly  periods 
-was  OS  follows:— For  the  first  lustrum,  1866-70,  39-96  ins.j  for  the  second, 
1871-76,  40- 12  ins. ;  (at  the  third,  1878-80,  41'85  ins. ;  for  the  fourth,  1881-85, 
41-19  ins.  i  for  the  fifth,  1886-90,  36-89  ins.;  and  for  the  sixth,  1891-96, 
3H-37  ins.     - 

The  rain&ll  in  these  coontiee  follows  the  general  rale  of  increase  from  east  to 
irest,  except  in  the  case  of  Cheshire,  which  has  a  smaller  &I1  than  either 
Lancashire,  Derlmhire,  or  Yorkshire.  This  is  probably  due  to  the  higher  land  in 
these  counties.  The  nje  is  well  exemplified  in  the  Yorkshire  Ridings,  the  mean 
annual  fall  in  the  East  Riding  (13  stations)  being  26-48  ins. ;  in  the  North  Riding 
{19  stationa),  34-98  ins. ;  and  in  the  West  Riding  (26  atations),  36-44  ins.  There 
ia  also  a  marked  decrease  in  the  rainfall  from  north  to  south.  Dividing  the 
counties  into  three  groups — No^th,  Midland,  and  South — 66  stations  for  the  northern 
group,  Nortbumberlana,  Durham,  Cumberland,  and  Westmoreland,  give  an  annual 
mean  of  46-70  ins. ;  74  stations  for  the  middle  gronp,  Yorkshire  and  Lancashire, 


654  BEPOET— 1900. 

nre  an  anaual  meui  of  34'83  ina.;  and  56  stetions  for  the  goatbeni  )iMup, 
CSi^iire,  Derbjshire,  NotliDgham,  and  Lincoln,  gJTs  an  aimual  mean  of  36'68  ine. 
In  the  fint  groap  the  driest  monthi  are  April,  mean  241  ins.,  and  Jane,  386  ini. ; 
iu  the  Becond  group  the  driest  montlis  are  Februat;,  mean  3'17  in«.,  and  April, 
2-18  inB. ;  and  in  the  tbird  gioap  the  same  months  are  the  driest,  February  with  a 
mean  of  1'81  in,,  and  April  with  1-79  in.  In  the  first  groMf  the  wettest  month  is 
November,  mean  4'60  ina. ;  in  the  second  group  the  wettest  month  is  October, 
meao  3'75  ins. ;  and  in  tlie  third  group  the  same  month  is  the  wettest,  with  a 
mean  faU  of  3-30  ins. 

Nottingham  and  Lincoln  are  the  driest  counties  throuafhoat  the  year,  except  in 
FebroBi^,  whenBurham  is  thedriest,  and  in  Maj,  when  Durham  and  Northnmber- 
land  are  drier  than  Nottingham.  Cumberiand  and  Westmoreland  are  the  wett^ 
throughout  Uie  jear,  Oumherland  usually  bein^  the  wett«r  of  the  two,  but  in 
January,  March,  Oetobar,  November,  and  December  the  greatest  diflerenos  between 
them  is  0  06  in. 

The  mean  and  extreme  atiDual  rainfall  at  each  station  aregiren  in  the  complete 
paper,  with  a  map  showing  the  poaition  of  the  stations  and  thar  height  aoove 
mean  sea-level.  

8.  Report  on  Meteorological  Obtervatumt  on  Bvn  Nnia. 
See  Beports,  p.  46. 

9.  Report  on  recording  the  Intensity  of  Solar  Radiation. 
See  Reports,  p.  36. 

10.  Report  on  establishing  an  Obaeroatcty  on  Mount  Royal,  Montreal. 
See  Beporta,  p.  33. 


TUESDAY,   SEPTEMBER   11. 
The  following  Beport  and  Paper  were  read : — 
1.  Report  on  Eleetrolysia  and  Electrochemistry. — See  Reports,  p.  31. 

2.  A  Discussion  on  'Ions  '  was  opened  by  Professor  G.  F.  FiteOkrald. 

3.  The  Radiation  oj  a  Jbtaek  Body  on  the  Electromagnetic  Theory. 
By  H,  C.  PocKLiHQTOH,  M.A.,  J).Se, 

There  are  two  methods  tbatmay  be  used  to  solve  tie  problem,  the  direct  and  the 
indirect  method,  M  Eirchhoff's  laws.  The  latter  seems  pretaniAe,  as,  on  acoount 
of  tbe  freedom  of  choice  of  a  sahstance,  the  mathematical  worii  may  be  simplified 
by  chooang  the  simplest  kind  of  substance. 

Ilie  subtance  hen  chosen  is  a  gas,  sapposed  to  consist  of  atoms  carrying 
electric  charges.  As  a  preliminary  tiie  question  whether  any  result  can  be 
obtuned  from  tbe  data  is  mvestigatad  1^  the  metiiod  of  'dimwivons,*  and  the 
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In  aay  such  formula  the  conatAtits  must  have  values  neither  very  great  nor 
-vtTj  mudt.  This  is  tested  and  found  to  be  true.  On  attemptinif  to  carry  out  the 
maihematical  calculations  suggested,  the  radiation  is  found  toTaT7as  the  tempera- 
ture ;  a  quite  itnpoBsible  result.  Various  modifications  of  the  nature  of  the 
hjrpothetical  gas  selected  are  coneidered  and  dismissed  as  unftatJBfactorj. 

The  truth  of  the  eecoud  law  of  therm odyna mica  ia  made  to  depend  on  tiie  con- 
etancy  of  the  ionic  charges.  This  indicates  that  the  constancy  of  the  charge  i» 
due  to  some  iiiad&men^  property  of  the  ether.  It  seemfi  probable  that  a  com- 
plete solution  of  tbe  problem  requires  a  complete  theory  of  matter  and  electricity^ 


lyJilfA-ESDAr,  SEPTEUBER  Vi. 
The  following  Report  and  Papers  were  read  : — 

1,  Report  on  EUctrical  Standards. — See  Reports,  p.  53. 

3.  A  Form  oj  Whmtatonc's  Bridge.     By  K  H.  Griffitbs,  F.R.S. 

3.  Note  mi  an  Improved  Standard  Jifxiilanri  Coil. 
By  R.  S,  ■WmppLK.    See  Reports,  p.  -W. 

'4.  A  PreHminnry  ReKfarch  on  Sxplosive  Gasmm  Mixtures.^ 
By  J.  E.  Petavel. 
Objeett  of  the  Retearch. — The  primary  object  of  the  present   research  is  to 
extend  the  work  originally  done  by  Bunsen  at  atmospheric  pressures  to  initial 
pleasures  of  one  or  two  hundred  atmospheres. 

Both  the  maximum  pressure  of  the  explosion  and  the  rate  of  chanre  of  the 
pressure  are  recorded.  A  long  series  of  experimenta,  the  result  of  wLich  will 
ehortly  be  published,  having  proved  the  very  high  thermal  conductivity  oF  com- 
pressed gases,  it  was  important  to  obtain  some  further  data  with  r^^ud  to  thfr 
thermal  properties  of  gases  at  the  highest  tempeiutures  and  pressures.  It  is  also- 
desirable  that  some  further  information  with  regard  to  the  pbenomena  of  dissocia- 
tion »t  very  high  pressures  should  be  obtdned. 

Finally,  it  is  hoped  that,  from  a  practical  point  of  view,  the  reeulta  will  be  of 
use  as  a  contribution  to  the  knowledge  of  thermodynamics. 

In  all  heat  engines  the  efficiency  is  greatly  increased  by  the  use  of  a  wider- 
temperature  interval  and  higher  prenures.  Whereas  mechanical  difficulties,  which, 
up  to  recently,  had  hindered  progrsM  in  this  direction,  ate  gradually  being  over- 
come, the  theoretical  side  of  the  question  has  not  received  all   the  a 


1°  A  spherical  enclosure  of  500  c.c.  capacity  (about  4  in.  diameter). 

2"  A  cylindrical  enclosure,  37  in.  long,  also  of  500  c.c.  capacity. 

•S"  A  spherical  enclosure  of  about  10,000  c.c.  capacity. 
The  first  two  enclosures  are  calculated  to  withstAnd  pressures  up  to  two  thousand 
Atmospheres ;  the  third,  pressures  up  to  two  hundred  atmospheres. 

'  The  experiments  have  been  carried  out  at  the  Davy-Faraday  Tiuboraierj-  of  ilio 
Royal  InstitntioG.  Fart  ot  the  appamtns  was  provided  by  the  Labomtory,  the 
remainder  being  purchased  with  ttic  funds  awarded  For  thin  purpose  by  the  Oovem- 
ment  Grant  Committee  of  tlia  Royal  Society. 
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AJl  ezperimenta  recorded  io  tlie  praent  communication  refer  to  A«  600  c^ 
■pherical  encloeura. 

7%«  Prttmtre  Gavget. — Two  distinct  ^u^  are  mod.  The  fiivt  meoanree  ths 
mazunnm  preaauM  attaiiked  and  in  principle  IB  similar  to  Bnnaen's  original 
apparatus.  A  [dston  lifta  or  does  not  lift  according  to  whetlier  tM  «EploaiT« 
preMnre  doea  or  does  not  rice  above  the  prewura  eorreeponding  to  the  iraght  with 
which  the  {natcm  is  held  down.  In  the  preaent  caw,  howerer,  to  .^iiiiini*!!  the 
inertia  of  the  a^item,  the  weifrhts  ktk  replaced  hj  a  ptaeom  preunra  acting  on  the 

idte  end  of  the  piaton.  "HiA  areaa  of  the  two  piiton  heads  being'  in  the  ratio  of 
'  n  explotiTB  preeiure  of  €00  atmo«pherea  ia  exactly  balanced  bj  a  gaaeons 
pTCMun  of  10  atmosphere*  acting  on  the  other  side  of  this  equilibriam  ralre.  To 
render  the  action  of  the  apparatua  u  rapid  as  possible,  the  travel  of  the  piston  is 
limited  bf  means  of  a  miorometeT  screw  to  two  or  three  thonaandths  of  an  inch. 
The  piston,  on  conung  in  contact  with  this  micrometer  screw,  closes  an  electric 
orcoit  commnnioting  with  an  indicator.  Aa  an  example  of  Uie  meUiod  *  eeriee 
of  ohsnrationa  are  given  in  the  table. 

Table. 

itialPT«.nr.j     p^'^'?, 
AtnuHpherMJ    At„^phB,«i 

42-06  i  Below  42T-4 

12-01  I      „  4211 

1214  ..  123-6 

4t-88  Above  121-4 

12-02  '      „  138-e 

42-63  „  111-1 

The  second  measuring  apparatus  is  io  ^rincipLe  the  same  as  the  weU-loiOWii 
st«am-engine  bdicatoi.  Tbe  ordinary  epnng  is,  however,  replaced  W  a  hnw 
CTlinder.  lie  only  motion  which  the  piston  can  make  is  tfaeref<»«  that  allowad  laj 
tie  elastic  compression  of  the  metal.  The  time  period  of  the  ajatam  bM  not  jtA 
been  meaanred,  but  from  the  diagrams  recorded,  it  is  evidendy  below  cme  five- 
thousandth  of  b  second.  The  maximum  motion  of  the  piston  ia  laaa  th«i  one 
thousaoUth  of  an  inch.     Tbe  motion  of  the  piston,  magnified  to  the  de^red  «xtait 

SB  special  device,  is  photographed  on  the  cylinder,  of  a  rapidly  revolnng 
ronograph. 

The  K»le  of  time  on  the  indicator  card  thus  obtained  can  be  varied  bota  one 
hDodredth  of  a  second  per  millimetre  to  one  five-thousandth  of  a  eeootid  per 
millimetre. 

The  Betultn  obtained.— Th«  records  show  a  rapid  initial  rise  of  presvoTe,  the 
rat«  decrea^ng  as  the  temperature  of  dissociation  is  approached.  It  is  intanded 
to  obtain  a  series  of  these  indicator  diagrams  for  iiutial  preasuiea  varjing  between 
10  and  SCO  atmospheres. 

Many  years  ago  Bunsen  found  that  a  mixture  of  oxjgen  and  hjdnwen  fired  at 
Atmoapheric  precsure  gave  an  explosive  pressure  of  9*6  atmospheres.  The  prasent 
expenments  show  that  this  ratio  is  still  substantially  correct  up  to  initial  prtasuiM 
(nf  43  atmospberas,  the  ratio  actuallv  given  by  Table  1.  being  10-06. 

The  ratio  dirainiahes  but  slowly  as  the  proportion  of  explosive  na  to  non* 
explosive  gaa  decreases.  A  mixture  of  H^O  and  oxygen,  containing  out  48  per 
cent  of  explosive  gas,  still  sivee  on  explosive  pressure  of  S19  atmos^ierei  whan 
fired  at  an  initial  pressure  of  43  atmospheres,  the  ratio  being  thenfore  7'6. 

Under  the  same  condiljoni  a  mixture  containing  28'7  per  cent,  of  axploaive  gas 
givee  a  ratio  of  6- 16.  Finally,  a  mixture  contMning  only  12  per  cent,  of  H,0  is 
not  explosive. 

As  trill  be  seen,  even  tbe  few  results  that  have  as  yet  been  obtained  nm 
inanv  interesting  qtiefitions,  but  with  the  limited  data  which  aa  yet  are  available  it 
would  be  unwise  lo  allumpt  any  general  discussion  of  tlic  rpsullri. 
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It  is  hoped,  however,  (Jut  before  long  b  aeriee  of  ezperimenfa  will  be  completed 
giving  the  Deceeuiy  data  for  all  mixtnres  of  oxjren  aDd  liydiogen  at  all  initial 
pieeauret  between  oae  atmosphere  and  '200  atmospheres. 


On  t/te  Melations  of  Radiation  to  Tempiraiare. 
By  Dr.  J.  Larmor,  F.R,S. 

The  Itey  to  thU  subject  is  the  principle,  arrived  at  independently  by  Salfour 
Stewart  and  Kirchboff  about  the  year  18u7,  that  the  constitution  and  intenaity  of 
the  steady  radiation  in  an  enclosure  ia  determined  by  the  temperature  of  the 
BurroundiDg  bodies,  and  involves  no  other  element.  It  was  pointed  out  bj 
Stewart '  that  if  the  enclosure  contains  a  radiating  and  absorfaiug  body  which  v 
put  in  motion,  the  temperature  being  uniform  throug-hout,  then  the  constitutions 
of  the  radiation  in  front  of  it  and  behind  it  will  diuer  on  account  of  the  Doppler 
effect,  so  that  there  will  be  a  chance  of  gaining  mechanical  work  in  the  restoration 
of  a  Dniform  state.  There  must  thus  be  some  liind  of  thermodynamic  compensa- 
tion, which  might  arisu  bom  fethereal  friction,  or  from  work  required  to  nroduce 
the  motion  of  the  body  Sf^inst  pressure  excited  by  the  surrouoding  radiation. 
The  hypoUiesis  of  friction  is  now  out  of  court  in  ultimate  molecular  phydcs ; 
while  ttke  thermodynamic  bearing  of  a  pressure  nroduced  by  radiation  has  been 
developed  by  Bartoli  and  Boltzmaon  (16S4),  and  that  of  the  Doppler  effect  by 

Ajyplication  of  the  Doppler  Principle. — The  procedure  of  Wien  amounts  to 
isolatuig  a  region  of  radiation  within  a  perfectly  redecting  enclosure,  and  esti- 
mating the  average  shortening  of  the  constituent  wave-lengths  produced  by  a 
veiT  MOW  Hhrinkage  of  its  volume.  The  ai^ument  is,  however,  much  simplified 
if  the  enclosure  is  taken  to  be  spherical  and  to  remain  so ;  for  it  may  then  be 
easily  shown  that  each  individual  undulation  is  shortened  in  the  same  ratio  as  is 
the  radius  of  the  enclosure,  so  that  the  undulatory  content  remuns  similar  to 
itMlf,  vrith  uniformly  shortened  wave-lengths,  whether  it  is  uniformly  distributed 
as  regards  direction  or  not,  and  whatever  its  constitution  may  be.  But  if  there  is 
a  very  small  piece  of  a  material  radiator  in  the  enclosure,  the  radiation  initially 
inside  will  have  been  reduced  by  its  radiating  and  absorbing  action  to  that  cor- 
responding to  its  temperature.  In  that  case  the  shrinkage  must  retun  it  always, 
at  each  stage  of  its  transformatdou,  in  the  constitution  correapondiog  to  some 
temperature.  Otherwise  diSitrsncea  of  temperature  would  be  effectively  esta- 
blished between  the  various  constituents  of  tne  radiation  in  the  enclosure;  these 
could  be  permanent  in  the  absence  of  material  bodies ;  but  if  the  latter  are 
present  this  would  involve  degradation  of  their  enerffy,  for  which  there  is  here  no 
room,  because,  on  the  priDciples  of  Stewart  and  Kirchhoif,  the  state  corresponding 
to  nven  energy  and  volume  and  temperature  is  determinate.  Thus  we  infer  that 
if  tne  wave-lengths  of  the  steady  radiation  corresponding  to  any  one  temperature 
■are  all  altered  m  the  same  ratio,  we  obtain  a  distribution  which  corresponds  to 
some  other  temperature  in  every  respect  except  absolute  intensities. 

Direct  Trantformation  of  Mechanical  Energii  into  Radiation^ — There  is  one 
point,  however,  that  rewards  examination.  When  undulations  of  any  kind  are 
reflected  from  an  advancing  wall,  there  is  slightly  more  eneigy  in  the  reflected 

'  Brit.  Aftee.Be]iort,U'l;  c/:alBoi;nej(cI..B»-«.,  art.'Badintion' (18BS),by  Talt. 

'  The  present  form  of  this  argument  arose  out  oE  some  remarks  contributed  by 
Professor  Fitiaerald,  and  by  Mr,  Alfred  Walker  of  Bradtord,  to  the  discussion  on 
this  paper.  Ur.  Walker  points  out  that  b;  reflecting  the  radiation  from  a  hot  body, 
aitoated  at  the  centre  of  a  wheel,  by  a  ring  of  oblique  vanes  around  i\b  circom- 
ferenoe,  and  then  reversing  its  path  by  direct  reflexion  from  a  ring  of  fixed  vaues 
ontaide  the  wheel,  so  as  Co  return  it  Into  the  source,  its  pressure  may  be  (theoretically) 
ntilised  to  drive  the  wheel,  and  in  time  to  get  up  a  high  speed  iE  tliora  is  no  load : 
the  thermodynamic  compensation  in  this  very  interesting  nrrangomeut  liea  in  the 
lowering  of  the  temperature  of  the  part  of  the  incident  radiation  that  la  not  thus 
ntilised. 

1900.  ,  CP-ftglc 
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beam  than  there  was  in  the  incident  beam,  although  iU  lengtk  ia  Hborter  on 
BCOOUTit  of  the  Doppler  eflect.  Tbia  requires  that  tba  undulations  must  oppow  a 
resistauM  to  the  advancing  wall,  and  tbat  thn  mechanical  work  required  to  paah 
on  the  wall  ia  directly  transfurmed  into  undulatoTj  enerf^.  In  fact,  let  us  cou- 
aider  tho  mechanism  of  the  reflexion.  Suppose  the  displacement  in  a  djiectlj 
incident  wave'traio,  with  Telocity  of  propaf{Htionc,  to  be  f'- a  cos  (m.i--iRcf);  that 
in  the  reflected  troin  will  be  i'-a'coi  (m'.v-t-m'ct),  where  a',  m'  are  det«r- 
termiaed  b;  the  condition  rliat  the  total  displacement  is  annulied  at  the  advanc- 
ing reflector,  because  no  disturbance  penetrates  beyond  it  j  therefore  when  j-  =  rt, 
wheie  V  is  its  velocity,  £  +  £'=<>.  Thus  we  must  have  a'  <>  —  a,  and  m'^-m  ~  ,  in 
aneement  with  the  usual  statement  of  the  Boppler  eSect  when  v  is  small  compared 
with  c,  Obaerre,  in  fact,  that  the  direct  and  reflected  wave-trains  have  a  system 
of  nodes  which  travel  with  velocity  i;  and  tbat  the  movinf;  reflector  coincides 
with  one  of  them.  Now  the  velocities  dijdt  and  d^'jdt  in  these  two  trains  are  not 
equal.  Their  mean  squares,  on  which  the  kinetic  energ-y  per  unit  lenf^h  depend^ 
are  as  m'  to  m".  The  potential  ener)ties  per  unit  length  depend  on  the  means  of 
(d^liUy  and  (d^'ld.iy,  and  are  of  course  in  the  same  ratio.  Thus  the  energies 
per  unit  length  in  the  direct  and  reflected  trains  are  as  m'  to  m'',  while  the  lengths 
of  the  trains  are  as  m'  to  m ;  hence  their  total  energies  are  as  m  to  v/ ;  in  other 
words  the  reflected  train  has  received  on  accretion  of  energy  equal  to  1  —  m'lvt  of 
the  incident  an ergy,  nhicb  cin  only  have  come  from  meebanical  work  spent  in  push- 
ing  on  the  reflector  with  its  velocity  i>.     The  opposing  pressure  is  titus  in  numerical 

magnitude  the  fraction  M 1     of  the  density  of  the  incident  energy,  which 

works  out  to  be  -^—  .,  of  the  intensity  of  the  total  undulatory  energy,  direct  and 

reflected,  that  is  in  front  of  the  reflector. 

When  11  is  small  compared  withe,  this  ngreeswithMaxweird  law  for  the  pressure 
of  ratliatiou.  This  cose  is  also  theoreticatl;  interesting,  because  in  the  application 
to  tether-waves  f  is  the  displacement  of  the  mther  elements  whose  velocity  d^jdt 
represents  the  magnetic  force ;  so  tbat  here  we  have  an  actual  c.-ise  in  which  this 
vector  £,  hitherto  introduced  only  in  the  tlieoretical  dynamics  of  electron- theoty, 
is  essential  to  a  bare  statement  of  the  facts.  Another  remark  here  arises.  It  has 
been  held  that  a  beam  of  light  is  an  irreversible  aj^eiit,  because  th<i  radiant  pres- 
Bure  at  the  front  of  the  beam  has  notliin)f  to  work  against,  and  its  work  is  tneni- 
fore  degraded.  But  suppose  it  had  a  retlector  moving  with  its  oirn  velocity  c  to 
work  against ;  our  result  ahows  that  the  pressure  vanishes  and  no  work  is  done. 
Thus  that  objection  to  tho  thermodynamic  treatment  of  a  ungle  ray  is  not  well 
founded. 

This  generalisation  of  the  theory  of  radiant  pressure  to  all  kinds  of  undulatory 
motion  is  based  on  the  conservation  of  tho  energy.  It  remains  to  consider  the 
mechanical  origin  of  the  pressure.  In  the  special  case  of  an  unlinuted  ptrelched 
cord  carrying  transverse  waves  the  advancing  reflector  may  he  a  lamina,  through 
a  small  hole  in  which  the  cord  passes  without  friction ;  the  cord  ia  straight  on  one 
fdds  of  the  lamina,  and  inclined  on  the  other  side  on  account  of  the  vibration ;  and 
it  is  easily  shown  that  the  resultant  of  the  tensions  on  the  two  udea  provides  a 
force  acting  on  the  lamina  which,  when  avcrnged,  agrees  with  the  general  formula. 
In  the  case  of  an  estemled  medium  with  advancing  transverse  wavee,  which  ore 
reflected  directly,  the  origin  of  the  pressure  is  not  so  obvious,  because  there  in  not 
an  obvious  mechanism  for  a  reflector  which  would  sweep  iba  waves  in  front  of  it 
as  it  advances.  In  the  oitbcreal  case  we  can,  however,  on  the  basis  of  electron- 
theory,  imagine  a  constitution  for  a  refl>!ctor  which  will  turn  back  the  radiation  on 
the  same  principle  as  a  metallic  mirror  totally  reflects  Hertzian  waves,  and  thus 
obtain  an  idea  of  bow  the  force  acts. 

The  case  of  direct  incidence  has  here  been  treated  for  simplicity ;  that  of  oblique 
incidence  easily  follows ;  the  expression  fur  the  pressure  is  reduced  in  the  ratio  of 
tha  square  of  the  cosine  of  the  angle  of  incidence.  If  we  average'  ap,  after 
Boltzmann,  for  the  natuml  radiation  in  an  encbsuru,  which  is  incident  eqiully  U 
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all  RDglea,  we  find  thnt  the  pressure  exerted  is  one  third  of  the  tot&l  dMiHty  of 
radliint  energy. 

Adiabatios  of  an  enclosed  Mate  of  Radiation,  and  residting  General  Laiee. — Now 
cooaider  an  enclosure  of  volume  V  containing  radiant  energy  travelling  indifFerentl^ 
inalldirections,  «nd  of  total  denrftjE;  and  lift  ita  volume  be  shrunk  by  dV.     Thi» 
requires  mediwiLcal  work  i  EdV,  which  is  changed  into  radiant  energy !  thoa 
EV  +  iEaV-(E-«EKV-dV), 

where  E  -  8E  is  the  new  density  at  volume  V  -  S V.    This  gives  j  ESV  -  VaE,  or 
EccV-1. 

Aa  alteady  explained,  if  the  original  state  haa  the  constitution  as  regards  wave- 
lengths corresponding  to  a  temperature  T,  the  new  state  must  orrespood  to  some 
other  temperature  T—ST.  'i'hus  we  can  gain  work  by  absorbing  the  radiation 
into  the  working  substance  of  a  thermal  engine  si  the  one  temperature,  and  extract- 
ing it  at  the  other ;  as  the  process  is  reversible,  we  have  by  Camot'a  principle 
iEaV/EV--BT/T, 

so  that  Toe  V-i. 

Thus  EocT^,  which  is  S'efon'a  law  for  the  relation  of  the  aggregate  oatunil 
radiation  to  the  temperature. 

Moreover  the  Doppler  principle  has  shown  us  that  in  the  uniform  shrinkage  of 
a  apberical  enclosure  the  wave-lengths  diminish  as  the  linear  dimenuons,  and 
therefore  aa  V4,  or  inversely  as  T  by  the  above  result.  Thus  in  the  radiations 
at  different  temperatures,  if  the  scale  of  wave-tength  ia  reduced  inversely  as  the 
temperature  the  curves  of  ccnstitution  of  the  radiation  become  homologous,  t.«., 
their  ordinates  are  all  in  the  same  ratio.    This  is  Wien's  law. 

These  relations  show  that  the  enerjry  of  the  radiation  corresponding  to  the 
temperature  T,  which  lies  between  wave-leniiths  X  and  X  +  6X,  is  of  the  form 
X  ^/(XT)iX.  The  invest  I  pntion,  theoretical  (Wien,  Planck,  Bayleigli,  etc)  and 
e.Tperimeatal  (Lummer  and  Pringshcim,  Paschen,  etc.)  of  the  form  of  this  function 
f  m  perhaps  the  most  fundamental  and  interesting  problem  now  outstanitinij:  in  the 
general  theory  of  the  relation  of  radiation  to  temperature.  The  theoretical 
relations  on  which  this  expression  is  founded  have  been  shown  to  be  in  agreement 
with  fact ;  and  it  appears  that  the  form  c,e~'''"  fairly  represents  _/'^XT)ovei'  a  wide 
range  of  temperature.  These  rolitioos  have  been  derived,  as  usual,  from  a 
dynamical  discussion  of  the  aggregate  intensity  of  rediation  belonging  to  the 
temperature ;  it  may  be  shown  that  the  same  results,  but  nothing  in  addition,  will 
be  Bained  by  applying  tbe  same  principles  to  each  constituent  of  range  SX  by 
itself,  assigning  to  each  its  own  temperature. 


6.  On  tJie  Infra-red  of  the  Solar  Spectrum.     By  Dr.  S.  P.  LAKaLET,  FM.S. 


DEPARTMENT  OF  A8TE0N0MY. 

CKAIBMAlf :  Dr.  A.  A.  COMHON,  F.r..S.,  F.B.A.3. 
FRIDAY,   SEPTEMBER  7, 

The  Chairman  delivered  the  following  Address ; — 

It  has  been  decided  to  form  a  Department  of  Astronomy  under  Section  A,  and  I 
have  been  requested  to  give  an  Address  on  the  occasion.  In  looking  up  the 
lecords  of  the  British  Association  to  aee  what  position  Astronomy  has  occupied,  I 
was  delighted  to  find,  in  the  very  first  volume,  'A  Report  on  the  Progress  of 
Astronomy  during  the  Freaent  Oentiiry,'  made  by  tbe  late  Sir  George  Airy,  so 
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many  yean  out  Aetronomer  Bojil,  and  %t  thkt  time  Pluiduli  Profemv  of 
AetioDom]'  at  CBmbriclg«.  This  report,  mide  at  the  second  meeting  of  th« 
Association,  describea,  in  a  most  intarestJnK  manner,  the  progresa  that  ku  nuds 
daring  the  first  third  of  the  century,  and  we  can  K>ther  from  it  the  state  of 
utronomical  matters  at  that  time.  The  thought  naturally  occurred  to  me  to  gin 
a  report,  oa  the  same  lines,  to  the  end  of  this  century,  but  a  little  consideratioE 
showed  that  it  wa.i  impossible  in  the  limited  time  at  my  disposal  to  gire  mora 
than  a  bare  outline  of  the  progress  made. 

AC  the  time  this  report  was  written  we  may  sav,  in  a  general  way,  that  Ih* 
aatroaomy  of  that  day  concerned  itself  with  the  posftion  of  the  heavenly  boiaa 
only,  and,  except  for  the  greater  precision  of  observation  resulting  from  better 
iDstruments  and  the  lar^r  number  of  observatories  at  work,  this,  the  graTitatioul 
side  of  astronomy,  remains  much  aa  it  was  in  Airy's  time. 

What  has  been  aptly  called  the  New  or  Physical  Astronomy  did  not  tiwB 
exist.  I  propose  to  brieSy  compare  the  state  of  thin^  then  ezistinir  with  ths 
present  state  of  the  science,  without  dealing  very  particularly  with  the  variaui 
causes  operating  to  produce  the  chaege ;  to  allude  briefly  to  the  new  nstroDomT ; 
and  to  speak  rather  fully  about  astronomical  instruments  generally,  and  oC  tbs 
lines  on  which  it  is  most  probable  future  developments  will  be  made, 

In  this  report'  we  fiud  that  at  the  beginning  of  the  century  the  Oreenwieli 
Observatory  was  the  only  one  in  which  obsertations  were  made  on  a  reituUr 
system.  Ihe  thirty-six  stars  selected  by  Dr.  Maskelyne,  and  the  sun  aad  moon, 
were  observed  on  the  meridian  with  gruat  regularity,  thu  planets  very  rarely  and 
only  at  particular  parts  of  their  orbits  1  small  stars,  or  stars  not  included  m  (ha 
thirtr-SLX,  were  seldom  observed. 

This  state  of  affiurs  was  no  doubt  greatly  improved  at  the  epoch  of  the  report. 
Int  it  contrasts  strongly  with  the  predent  work  at  Greenwich,  where  6,000  slan 
were  observed  in  1809,  in  addition  to  the  astrographic,  spectroscopic,  magnetic, 
met«orological,  and  other  work. 

Jlany  observatories,  of  great  importance  since,  were  about  that  time  founded, 
thnee  at  Cambridge,  Cape  of  Good  Hops,  and  Paramatta  baring  ju5it  been  started. 
A  list  is  giren  of  the  public  observatories  then  existing,  with  the  remark  that  lbs 
author  is  '  unaware  that  there  is  any  public  obaervetory  in  America,  though  then 
are,'  he  says, '  »ame  able  observera.' 

The  progress  made  since  tben  is  truly  lemarkable.  Tlie  first  public  observa- 
to^  in  America  was  founded  about  the  middle  of  the  century,  and  niw  public 
and  private  observatories  number  about  150,  white  the  inatrumectal  equipment  i* 
in  man;  coses  superior  ta  that  of  any  other  country.  The  prophetic  opinion  of 
Airy  about  American  observeri  bos  been  fully  borne  out.  The  discovery  of  two 
satellites  to  Mara  by  Hall  in  l!j77,  of  a  fifth  saU'llite  to  Jupiter  by  Barnard  in 
189J,  and  the  diecovi^ry  of  Ilvperion  by  Dond,  simultaneously  witlk  X^assell,  in 
ism,  are  notable  achievements. 

The  enormous  amount  of  work  turned  out  by  the  Harvard  Observatory  and  its 
branches  in  South  .4.merica,  all  the  photographic  and  spectroscopic  work  carried 
out  by  many  diilerent  ostrnnomera,  and  the  new  lines  of  research  initiated  she* 
an  amount  of  enthusiasm  not  excelled  by  any  other  country.  A  greater  portion 
of  the  astronomical  work  in  America  has  been  on  the  linej  of  the  new  astroDoniy, 
but  the  old  aationomy  has  not  been  at  all  neglected.  In  this  brand]  pace  bos 
been  kept  with  other  countries. 

From  this  report  we  gather  that  the  mural  quadrant  ot  most  of  the  olaerva- 
tories  was  about  to  be  replaced  by  the  divided  circle.  Troughton  had  perfected  a 
method  of  dividing  circles,  which,  as  the  author  says,  '  may  be  cotuidersd  U 
the  greatest  improvement  ever  made  in  the  art  of  instmment  making,' 

Two  refractors  of  11  and  1'2  inches  aperture  had  just  been  imported  into 
this  country  ;  clockwork  for  driving  had  been  applied  to  the  Djrpat  and  Paris 
equatorials,  but  the  author  had  not  seen  either  in  a  state  of  action. 

The  method  of  mounting  instruments  adopted  by  the  Gennios  waa  lathiff 

"  Brit.  Xww.  B-<pert,  lS3l-?3,  p.  125. 
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Hverely  critlcued  by  tbe  author,  tbe  general  prionple  of  theii  mounting  hang 
'  telescopes  are  always  eujiported  at  Uie  middle,  not  at  the  ends.' 

'  Brery  part  is,  if  possible,  supported  by  counterooises.' 

'To  these  principles  everything  is  aacrificed.  For  instance,  in  an  equatorial 
tbe  polar  aiia  ia  to  be  supported  in  the  middle  by  a  counterpoise.  This  nut  only 
makes  the  inetrument  weaJc  (aa  the  axis  must  be  einfile),  but  bJko  introduces  some 
inconvenience  into  tfau  use  of  it.  The  telescope  is  on  one  side  of  the  axis ;  on  tbe 
other  aide  is  a  counterpoise.  Each  end  of  tbe  telescope  has  a  counterpoiatt.  A 
telescope  thus  mounted  must,  I  should  think,  be  very  liable  to  tremor.  If  a 
person  who  is  no  mechanic  and  who  has  not  used  one  of  these  instniroents  may 
presume  to  give  an  opinion,  I  should  say  tbat  the  Oermana  have  made  no  im- 
provement in  instruments  except  in  the  excellence  of  the  workmanship.' 

1  have  no  doubt  that  this  question  had  often  occupied  Airy's  mind,  for  in  the 
Iforthumberland  Equatorial  Telescope  which  be  designed  shortly  afUr  for  Cain- 
bridge  he  adopted  what  lias  been  called  the  English  form  of  mounting,  where  tha 
telescope  is  supported  by  a  pivot  at  each  side,  and  a  long  polar  axis  is  supported  at 
each  end.     This  telescope  ia  in  working  order  at  the  praaent  time  at  Cambridge. 

When  he  became  Astriinoruer  Royal  be  used  the  eame  design  for  what  was  for 
many  years  tbe  great  e<juatorial  at  Greenwich,  though  the  wooden  uprights  form- 
ing tbe  polar  axi?  were  m  the  Greenwich  telescope  replaced  by  iron.  It  says  much 
for  the  excellence  of  the  design  and  workmanship  of  this  mounting,  designed  as  it 
was  for  an  object  glass  of  about  13  inches  diameter,  when  we  find  the  present 
Astronomer  Royal,  Mr.  Christie,  has  used  it  to  carry  a  telescope  of  26  inches 
aperture,  and  that  it  does  this  perfiHitly. 

Notwithstanding  the  greater  steadiness  of  tbe  English  form  of  mounting, 
tbe  German  form  has  been  adopted  gsDerally  lor  tbe  mounting  of  the  large 
refractors  recently  mode. 

Thers  is  much  interesting  matter  in  Ibis  report  of  an  historical  character. 

As  I  have  already  said,  the  new  astronomy,  as  we  know  it,  did  not  exist,  but 
in  a  report '  on  optica,  in  tbe  same  volume,  bj  Sir  David  iirewster,  we  find  that 
spectrum  analysis  was  then  occupying  att«ntioo,  aod  the  last  parajrraph  of  this 
report  is  well  worth  quoting:  '  But  whatever  hypothesis  be  destined  to  embrace 
and  explain  this  class  of  phenomena,  the  fact  which  I  have  mentioned  opens  an 
exlen«ve  field  of  inquiry.  By  the  aid  of  the  [gaseous  absorbent  we  may  study 
with  the  minutest  accuracy  tbe  action  of  the  elements  of  material  bcdies  in  all 
tbeir  variety  of  combinations,  upon  deSnite  and  easily  recognised  rays  of  light,  . 
and  we  may  discover  curious  analogies  between  their  affinities  and  those  which 
prodnce  the  fixed  lines  in  tbe  spectra  of  tbe  stars.  The  apparatus,  however,  which 
IS  requisite  to  carry  on  such  inquitiea  with  auccess  cannot  be  procured  by  indi«i< 
duals,  and  cannot  even  be  used  in  ordinary  apartments.  Lenses  of  large  diameter, 
accurate  beliostats,  and  telescopes  of  large  aperture  ore  absolutely  necessary  for 
this  purpose;  hut  with  such  auxiliaries  it  would  be  easy  to  construct  optical  com- 
binations, by  which  tbe  defective  rays  in  the  apectra  of  all  the  fixed  i>tajs  down  to 
the  taith  magnitude  might  be  observed,  and  by  which  we  might  study  the  effects 
of  the  very  combustion  which  ligiits  up  the  suns  of  other  systeois.' 

Brewster's  words  are  almost  prophetic,  and  it  would  almost  appear  as  if  he 
unknowingly  held  the  key  to  the  elucidation  of  the  spectrum  lines,  for  it  was  not 
until  lB€fl  that  Kirchhotl''a  discovery  of  the  true  origin  of  tbe  dark  linesvraa  made. 

Fraunhofer  was  the  first  to  oluerve  the  spectra  of  ibe  planets  and  the  stars, and 
to  notice  tbe  different  types  of  stellar  spectra.  In  1817  he  recorded  tbe  qiectrum 
ofVenus  and  Sirius,  and  later,  in  18i!3,  he  desciibed  the  spectrum  of  Morsi  also 
Cutor,  Pollus,  Capella,  lietelgeux,  and  Procyon. 

I''raunhofer,  Iiamont,  Donali,  Brewster,  Stokes,  Gladstone,  and  others 
carried  on  their  researches  at  a  time  when  the  principles  of  spectrum .  analyus 
were  unknown,  but  immediately  upon  Kirchhoffs  diacovery  great  interest  was 
awakened. 

With  spectrum  analysis  thus  established,  aided  as  it  was  later  by  the  grestev 
development  of  photography,  tbe  new  astronomy  was  firmly  establisbeili 
'  Slit.  Auoc.  Htp,,  1831-38,  p.  3l> 
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The  memanble  results  anived  at  bj  EirchhofTwere  no  toonet  publi*'bed  tlian- 
they  were  accepted  without  diasent.  The  worke  of  Stokes,  Foucault,  and  Anf^trSin 
at  that  period  were  all  suggestive  of  the  truth,  but  do  not  mark  an  epoch  of 
discovery. 

Astronomical  spectroscopy  divided  itself  not umlly  into  two  main  branches,  the 
one  of  the  sun,  the  other  or  the  stars,  ekch  haTJng  its  many  oftshoota.  I  shall  jost 
mention  a  few  points  reladns  to  each.  The  dark  lines  in  the  solar  spectrum  had 
already  been  mapped  by  Fraunhofer,  and  now  it  only  Deeded  better  instruments 
and  the  applicaljon  of  laboratory  spectra  with  KirchhofiTs  principle  to  advance  thia 
irork  still  further. 

Fraunhofer  bad  already  pointed  nut  the  way  in  usbg  gratinge,  and  these  were 
further  improved  by  Nobert  and  Rutherfurd. 

Kirchhoff's  Map  of  the  Solar  Spectrum,  published  in  1861-62,  was  the  most 
complete  up  to  that  time ;  but  the  scale  of  reference  adopted  by  him  was^aD  arbi' 
trsry  one,  so  that  it  was  not  losfr  before  this  was  improved  upon.  AngstrbDi 
publiahed  in  1868  bis  map  of  the 'Normal  Solar  Spectrum,' adopting  the  natural 
acale  of  wave-lengths  for  refei«nce,  and  this  remained  in  use  until  quite  tec^it 

The  increased  accuracy  in  the  ruling  of  gratings  by  Rutherfurd  materially  im- 
proved the  efficiency  of  the  solar  spectroscope,  but  it  was  not  until  Profe«aor 
Kowland'e  invention  of  the  concave  f^ratinR  that  this  work  (rained  any  deciaive 
impetus.  The  maps  ({iret  published  in  1S85)  and  tnbles  (published  in  the  years 
180ft-08)  of  the  lines  of  the  solar  fpectrum  are  now  almost  universally  accepted 
and  adopted  as  a  standard  of  referent?e.  These  tubles  alone  record  about  10.000 
lines  in  the  specirum  of  the  eao,  which  is  in  marked  contrast  to  the  number  7 
recorded  by  Wollaston  at  the  beginning  of  the  century  (1S0:J).  Good  work  in  the 
production  of  maps  has  also  been  done  in  this  country  by  Higgs. 

Michelson  has  also  recently  invented  a  new  form  of  spectroscope  called  thfl 
'Echelon,'  'in  which  a  grating  with  a  relatively  smell  number  of  lines  is  employed, 
the  dispersion  necessary  for  modern  work  being  obtained  by  using  a  high  order 
(say  the  hundredth)  into  which  most  of  the  light  has  been  concentrated. 

Besides  lines  recorded  in  tfan  visual  and  ultra-violet  portions  of  the  solai  spec- 
trum, maps  have  been  made  of  the  lines  in  the  infra-red,  the  most  important  being 
that  of  Langley's,  published  in  1894,  prepared  by  the  use  of  his  'bolometer.' 
Good  work  had,  however,  been  done  in  this  direction  previously  by  Becquerel, 
i.amansky,  and  Abney;  the  last,  indeed,  succeeded  even  in  photographing  a  part 
of  it. 

The  recording  of  the  Fraunliorer  lines  in  the  solar  spectrum  is  not  all,  however. 
The  application  of  the  spectroscope  to  the  sun  has  several  epoch-marking  events 
attached  to  it,  notably  those  of  proving  the  solar  character  of  the  prominences  and 
corona,  the  rendering  visible  of  the  prominences  without  the  ^d  of  au  eclipse  by 
the  discovery  of  Lockyer  and  Janssen  in  1808,  the  photogmphvof  the  prominences 
both  round  the  limb  and  those  projected  on  the  eolar  disc  by  the  invention  of  the 
spectro- heliograph  by  Hale  and  Deslandres  in  1690. 

Success  baa  not  yet  favoured  the  many  attempts  to  photograph  the  corona 
without  an  eclipse  l)y  spectroscopic  means ;  but  even  now  this  problem  is  Iwing 
attacked  by  Deslandres  with  the  employment  of  the  caloriSc  rays. 

Spectroscopic  work  on  the  sun  has  led  to  the  discovery  of  many  hundreds  of 
dork  lines,  the  counterparts  of  wliich  it  has  not  yet  been  possible  to  produce  on  the 

But  besides  tliose  unknown  substances  which  reveal  their  presence  by  dark 
lines,  there  were  two  others  discovered,  which  showed  themselves  only  by  bright 
lines,  the  one  in  the  chromosphere,  to  which  the  name  of  Helium  was  given,  and 
the  other  in  the  corona,  to  which  the  name  of  Coronium  was  applied. 

The  former  was,  however,  identified  terrestrially  by  Kamsnj  in  189E,  though 
the  latter  is  still  undetermined.     The  revision  of  its  wave-length,  brought  about 
by  the  observations  of  the  eclipse  of  189?,  may,  however,  result  in  this  element 
being  transferred  from  the  unknown  to  the  known  in  the  near  future. 
'  Aa.  Phyt.  Jonm.,  vol.  viii.  1808,  p.  37. 
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The  study  of  stellar  spectriL  waa  talfen  ap  by  IIu;^ns,  Rutherfurd,  and  Secchi. 
Kalherfurd '  piibliahed  io  1862  his  resulta  upon  a  number  of  stars,  and  suggested 
a  rough  claauGcation  of  the  white  and  yellow  stare  ;  but  Secchi  deserves  the  high 
credit  of  introducing  tbe  first  systematic  differentiation  of  the  stEvs  according  to 
their  spectra,  he  having  begun  a  spectroscopic  survey  of  the  heavens  for  the  pnrposea 
of  classificBtion,'  whilst  Huggins  devoted  ntmsclf  to  the  thorough  analysis  of  the 
spectra  of  a  few  stars. 

The  ititrodiictinn  of  photogmphy  marks  anotlicr  epoch  in  the  Mudy  of  stellar 
spectra,  tiir  William  fiug^ns  applied  photogrs^liy  as  early  as  1SG3,° and  secured 
AD  impression  of  the  epMtrum  of  Sirius,  but  nearly  another  decade  elsp.ied  before 
Proressor  H.  Draper*  took  a  photograph  of  the  spectrum  of  Vega  in  lcf75,  which 
was  the  first  to  record  any  linea.  With  the  iutroauction  of  dry  plates  this  branch 
of  the  new  astronomy  Tuceived  another  impetus,  and  the  catalofcues  of  stellar 
spectra  have  now  became  numerous.  Amsng  Ihem  may  be  mentioned  those  of 
Harvard  Collegre,  Potsdam,  Lockyer,  AfcCleas,  and  Iluggins.  The  Draper 
Catalogue*  of  the  Harvard  College,  which  is  a  Spectroscopic  Durchmusterung, 
alone  containEi  the  Spectra  of  10,3ol  stars  down  to  the  7-8  magnitudes,  and  this  has 
further  been  extended  by  work  at  Arequipa,  whilst  Vogel  and  Miiller  of  Potadam  " 
made  a  ppectroscopic  survey  of  the  stars  down  to  thii  7'5  magnitude  between  —1° 
and +  20°  declination.  This  has  aprain  been  supplemented  by  Scheiner'  ('Unto^- 
■uchungen  iilier  die  Spectra  der  helleren  Sterne'),  and  by  Vogel  and  Wilsing  ' 
('Untersnchungeniiberdie  Spectra  von  528  Stemen').  Loc%er*inl892  published 
a  series  of  large-scale  pholographs  of  the  brighter  stars,  and  mure  recently 
McCleau '"  has  completed  a  spectroscopic  survey  of  the  stars  of  both  hemispheres 
down  to  the  3^  magnitude.  For  tbe  study  and  Investigation  of  special  types  of 
■iars,  the  researches  ol  Dun^r  on  the  red  stars  made  at  Upsala,  and  those 
of  Keeler  and  Campbell  on  tbe  bright  line  stars  made  at  the  Lick  Obenrvatory, 
de*erve  mention.  For  the  study  of  stellar  spectra  the  use  of  prisms  in  slit  or 
objective  prism  spectroscopes  has  predominated,  though  more  recently  the  use  of 
mecially  ruled  gratings  has  been  attended  by  some  degree  of  success  at  the  Yerkea 
Observatory. 

Several  new  stars  have  also  been  discovered  by  their  spectra  by  Pickering  in 
bis  routine  work  of  charting  the  spectra  of  tbe  stare  in  dinerent  portions  of  the 
•ky.  The  photographic  plate  containing  their  peculiar  spectra  was,  however,  not 
examined  in  many  cases  until  the  star  had  died  down  agam. 

Spectrum  analysis  also  opened  up  another  field  of  inquiry,  viz.,  that  of  the 
motion  of  the  stars  in  the  line  of  siglit,  baeed  on  the  process  of  reasoning  due  to 
Doppler,  and  accordingly  named  Doppler's  Principle." 

The  observatories  of  Greenwich  and  Potsdam  were  among  the  lirst  to  apply 
this  to  the  stars,  and  more  recently  Oampbell  at  Lick,  Newall  at  Cambridge,  and 
Belopolsky  at  Pulkowa  have  made  use  of  the   same  principle  with  euormous 

It  vas  also  discovered  that  there  are  certaiu  claEses  of  stars  having  a  large 
component  velocity  in  the  line  of  sight,  which  changes  i(s  direction  from  time  to 
time,  and  in  many  such  cases  orbital  motion  has  been  proven,  as  in  the  case  of 
Algol. 

Another  class  of  binary  stars  has  also  been  discovered  spectroscopically  and 
explained  by  Doppler's  principle.  I  refer  to  the  stars  known  as  spectroscopic 
binuies,  in  which  tbe  spectrum  lines  of  one  luminous  source  reciprocate  over  those 

'  Am.  Jimrn ,  vol.  mv.  18G3,  p.  77.  *  Camptet  Beadui,  t.  Ivil.  18S3. 

»  Pliit.  Tram..  186*.  p.  428. 

'  Am.  Jirurx,  ff  Sv.  and  Art*.,  vnl.  xviii.  1879,  p.  i21, 
»  Annalt  Harvard  Coll..  vol.  in-ii.  180O. 
•  Aftm-Phyi.  Obi.  tn  Pottdam,  vol.  iii.  1882-83. 

'  Jhid.,  voL  vii.  1H9S.  •  Ibid.,  vol.  xii.  1899. 

'  Phil.  TranM.,  vol.  olxxiiv.  A,  1893. 
'•  Phil.  Tram.,  vol.  cici.  A,  1838. 

"  '  Ueber  das  farbige  Licht  der  Doppelsteme,'  ,  .  ,  Abkandl.  der  K.  Bekmitehtn 
6a.  i.  Wiu.  T.  Folge,  2.  Bd.  1813. 
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^m  the  other  source  of  liglit,  tccordiug  u  one  ia  moring  towards  or  awsj  from 
the  eorth.  Thia  diapUcenieiit  of  the  apeetrum  lines  led  to  the  diKOverj  of  the 
dnplidtT'  of  ^  Aurigtc,  and  f  Unte  Mejoria  b;  Pickering.' 

Several  other  auch  etara  have  now  been  detected,  notably  fl  Lywe,  And 
laatly  Capells,  diacoTered  mdependentlj  by  Campbell '  at  Lick,  and  Newall  *  at 
Cambridf^e. 

The  progfesa  of  the  new  ajtronomv  is  so  cloaelv  bound  up  with  that  of  photA- 
grapb;  that  I  ahill  briefly  call  to  miod  some  of  the  many  achievementa  in  which 
photognpbj  baa  aided  the  astronomer. 

Dwuerre'a  ioTention  in  1830  was  nlmoet  immediately  tried  with  the  nm  and 
moon,  J.  W.  Draper  and  the  two  Bonda  in  America,  warren  de  la  Rao  in  thin 
country,  and  Foucault  and  Fizeau  in  France,  being  among  the  pioneers  of  celestial 
'    '  '         '    '  '  a  eeeme  to  have  been  made  until  after  the  intro- 

Sir  John  Herschel  in  1847  su(rgest«d  the  daily 
3  supersede  drawings ;  and  in  16G7  the  De  la  Rue 
leliograph  was  inatalied  at  Eew.  From  LS58-72  a  daily  record  waa  main- 
tained by  the  Eew  photo-heliograph,  when  the  work  was  discontinued.  Snca 
187S  the  Eew  seriea  has  been  cooticued  at  Greenwich,  which  ia  supplemented  hj 
pictures  from  Defara  Dfln  in  India  and  from  Mauritius.  The  standard  aiie  of  the 
sun'a  disc  on  these  pbotoKraphsha«  now  been  for  many  years  8  inches,  though  for 
some  time  a  IS-incn  aeries  was  kept  up. 

The  flrat  recorded  endeavour  to  employ  photography  for  edipae  work  dates  back 
to  1851,  when  Berowsky  obtaineda  depruerreotype  of  the  solar  prmninences during 
the  total  eclipse.  From  that  date  nearly  every  total  eclipae  of  the  sun  has  been 
atudied  by  the  aid  of  photography. 

In  I860  the  first  regularly  planned  attack  on  the  problem  hy  means  of  photo- 
graphy was  made,  when  De  la  Rue  and  Secchi  successfully  photc^vphed  the  pro- 
minences and  traces  of  the  corona,  but  it  was  not  until  18w  that  Professor  Stepnen 
Alexander  obtained  the  first  good  photogmph  of  the  corona. 

In  recent  years,  from  1893  up  to  the  total  eclipse  which  occurred  last  May, 
photography  has  been  employed  to  secure  large-scale  pictures  of  the  corona. 
These  were  inaugurated  in  18{)3  by  Professor  Schaeberle,  who  secured  a  4-iiich 
picture  of  the  eclipsed  sunin  Chili:  these  have  been  exceeded  by  Professor  Langley, 
who  obtained  a  1  S-inch  picture  of  the  corona  in  North  Carolina  during  the  edipae 
of  May  1900. 

Photography  also  supplied  the  key  to  the  question  of  the  prominences  and 
corona  being  solar  appendages,  for  pictures  oftheeclipsesun  taken  in  Spain  in  1860 
terminated  this  dispute  with  regard  to  the  prominences,  and  finally  to  the  corona  in 
I87J. 

In  1876,  in  addition  to  photographing  the  corona,  attempts  were  made  to 
photograph  its  spectrum,  and  at  every  eclipse  since  then  the  lensitiaed  plate  has 
Men  used  to  record  both  the  spectrum  of  the  chromosphere  and  the  corona.  The 
spectrum  of  the  lower  layers  of  the  chromosphere  was  first  sucoesefully  photo- 
graphed during  the  total  eclipse  of  189Giii  Kova  Zembla  by  Mr.  Shackleton,  though 
seen  by  Young  as  early  aa  1870,  and  a  new  value  wg»  given  to  the  wave-length  of 
the  coronal  line  (wrongly  mapped  by  Young  in  18691  from  phott^rapha  taken  by 
Mr.  Fowler  during  tlie  eclipse  of  1808  (India). 

Lunar  photography  lies  occupied  the  attention  of  various  physidsta  bom  time 
to  time,  and  when  Dsguerre's  process  was  first  enunciated,  Arago  propoeed  that 
the  lunar  surface  should  be  studied  by  means  of  the  photographically  produced 
images.  In  1840  Dr.  Draper  succeeded  in  impressing  a  daguerreotype  plate  with  a 
lunar  image  by  the  aid  of  a  6-inch  refractor.  The  earlieet  lunar  photographs,  how- 
ever, shown  in  England  were  due  to  Professor  Bond,  of  the  United  States.  Th<>?e 
he  exhibited  at  the  Great  Exhibition  in  1851.  Dancer,  the  optician,  of  Manchester, 
was  perhaps  the  firat  Engliahmau  who  secured  lunar  images,  hut  they  were  of 

I  Crookes,  who  obtained    images    of  2  inches 
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diuneter  with  an  8-iiicli  lefractor  of  the  Liverpool  Obseirntoiy.  In  186S  De  lit 
Hue  began  esperimeDting  in  Iulm  photo|^pby.  He  eniplojed  a:  reflector  of  aanie 
10  feet  focal  leiijgth  uid  about  13  inches  diameter.  A  very  complBte  account  of 
bia  methods  ia  given  in  a  paper  it»d  before  the  British  Aaaociatton.  Mr.  Knther- 
fiurd  at  a  later  date  having  tried  an  U^-inch  refractor,  and  also  a  IS-iDch  reflector, 
flnaUy  coDBtructed  a  photographic  refractinpr  telescope,  and  produced  some  of  the 
finest  pictures  of  the  moon  that  were  ever  taken  until  recent  years.  Also  HenrT- 
Drapers  picture  of  the  moon  taken  September  3, 1863,  remained  unsurpassed  for 
a  quarter  of  a  century. 

Admirable  photographs  of  the  luna;  aurface  have  been  published  in  recent  years 
by  the  Lick  Obeervatoiy  and  others.  T  myself  devoted  considerable  attention  to 
this  subject  at  one  time.  Photographs  surpassing'  anything  before  attempted  were 
published  in  1896-09  by  MM.  Loewy  and  Fuieeux,  taken  with  the  Equatorial 
Coadd  of  the  Paris  Observatory. 

Star  prints  were  first  secured  at  Harvard  College,  nnder  the  direction  of  W,  C. 
Bond,  in  1860;  and  his  eon,  O,  P.  Bond,  made  in  1867  a  moat  promising  elert  with 
doublfr^tar  measurements  on  Beneitive  platsa,  his  subject  being  the  well-known 
pair  in  the  tail  of  the  Great  Bear.  The  competence  of  the  pbotographic  method  to 
meet  the  atrinKenC  requirements  of  exact  astronomy  was  still  more  deeiajvely 
shown  in  1866  by  Dr.  Gould's  determination  from  his  plates  of  nearly  fi%  atara 
in  the  Pleiades.  Their  comparison  with  Bessel'a  places  for  the  same  objects 
proved  that  the  lapse  of  a  score  of  years  had  made  no  dilference  in  the  configuik- 
tioa  of  that  immemorial  cluster ;  and  Professor  Jncoby's  recent  measures  of 
Itutherfurd's  photographs  taken  in  1872  and  1874  enforce  the  same  conclusion. 

The  above  facts  are  so  forcible  that  no  wonder  that  at  the  Astropbotographio 
Coneress  held  in  Paris  in  1887  it  was  decided  to  make  a  photographic  uurvey  of 
the  ueavens,  and  now  eighteen  photographic  telescopes  of  13  Indies  aperture  are  ia 
operation  in  various  parts  of  world,  for  the  purpose  of  preparing  the  intematiooal 
astrographic  chart,  and  it  was  hoped  that  the  catalogue  plates  would  be  completed 
by  1900. 

Photography  has  been  applied  so  assiduously  to  the  discovery  of  minor  planeia 
that  Eometbing  like  460  are  now  known,  the  most  noteworthy,  perhaps,  at 
regards  utility  being  the  discovery  of  Eioa  (433)  in  1898  by  Herr  Witt  at  the 
Oheervetorj  Urania,  near  Berlin. 

With  regard  to  the  application  of  photography  to  recording  the  form  of  various 
nehulffi,  it  is  interesting  to  quote  a  pasaage  Irom  Dick's  '  Practical  Aatronomer,' 
published  in  1846,  as  opposed  to  Hersch^'e  opinion  that  the  photography  of  a 
nehnla  would  never  be  impossible. 

'  It  might,  perhaps,  be  considered  as  beyond  the  bounds  of  probability  to  expect 
that  even  the  distaut  nebulfe  mipht  tbus  he  fixed,  and  a  delineation  of  their  objecta 
produced,  wbicb  shall  be  capable  of  bein^  msgnified  by  microscopes.  But  wb 
ought  to  consider  that  the  art  is  only  in  its  infancy,  ond  that  plates  of  a  moro 
delicate  nature  than  those  hitherto  used  may  yet  be  prepared,  and  that  other 
properties  of  light  may  yet  be  discovered,  which  ^all  facilitate  such  designs.  For 
we  ought  now  to  set  no  boundaries  to  the  discoveries  of  science,  and  to  the 
practii^  applications  of  scientific  discovery,  which  genius  and  art  may  accomplish,' 

It  was  not,  however,  until  1860  that  Draper  firat  photographed  the  Orion 
Nebula,  an4  later  by  three  yeara  I  succeeded  in  doing  the  same  thing  with  an 
ezpoeura  of  only  thirty-seven  minutes.  Li  December  1866  the  brothers  Henry  by 
the  aid  of  photograpbT  found  that  the  Pleiades  were  involved  in  a  nebula,  part  of 
which,  however,  bsid  oeen  seen  by  myself  with  my  3-foot  reflector  in  Febiua^ 
1880,  and  later,  February  1886,  it  was  also  partly  discerned  at  Pulkowa  with 
the  30-mch  refractor  then  newlr  erected. 

Still  more  nebulosity  was  shown  by  Dr.  Boherts'a  photographs,'  taken  with  his 
20-inch  refiector  in  October  and  December  1PS6,  when  tbe  whole  western  sideof  the 
group  was  shown  to  be  involved  in  a  vast  nebu]a,  whilst  a  later  photograph  taken 
by  MM.  Henry  early  in  1888  showed  that  practically  the  whole  of  the  gMup  was 
a  shoal  of  nebulous  matter. 

'  Sfimthly  yoticei,  vol.  jd.  p.  376-  '  fimtkl^  il'otf«»,  vo},  xlvil.  p.  ^, 
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In  1881  Draper  and  Janaeen  recorded  the  comet  of  that  year  by  photographj'. 

Hui^ns '  Bucceeded  in  phatographiit);  a  part  of  the  anectrum  of  the  eame 
object,(Tebbu It's  Comet  1881,  II.)  on  June  24,  aud  theFraunbofer  lines  were  amon^ 
the  pboto(;raphic  impTegsioQii,  thus  demon  strati  n^  that  at  least  a  part  of  the 
continuoiia  spectnim  is  due  to  reflected  sunlight.  He  also  accuied  a  similar 
result  from  Comet  Wells.' 

I  propnee  to  consider  tlie  qupBlion  of  the  telescope  on  (he  following  linen; 
(1)  The  refractor  and  reflector  from  their  inception  to  their  present  state.  (2)  The 
various  modifi cations  and  improvements  that  bare  been  made  in  mounting  these 
JTUlniments,  and  (3)  tbft  instrumeiit  tbnt  has  been  lately  iotroduced  by  a  com- 
bination of  tbe  two,  refractor  and  reflector,  a  striking  example  of  which  exists  now 
Bt  the  I'aris  Exbibition. 

At  a  meeting  of  tbe  British  Association  held  nearly  balf  a  century  ago  (1852) 
(Belfaal)  Sir  Darid  Brewster  showed  a  plate  of  rock  cryslal  worked  in  the  form 
of  a  lenB  which  bad  been  recently  found  in  XineTeh,  Sir  David  Brewaler  asserted 
that  this  lens  had  been  destined  for  optical  purposes,  and  that  it  never  waa  a,  dreas 


Tbat  the  ancients  were  acquainted  with  the  powers  of  a  mRgnirjiDg  lena 
mav  be  inferred  from  tbe  delicacy  and  minuteness  of  the  incised  work  on  their 
seals  and  intaglios,  which  could  only  have  been  done  by  an  eye  aided  by  a  lens  of 
tome  sort. 

There  is,';howeTer,  no  direct  evidence  that  tbe  ancients  were  really  acquainted 
with  tbe  refracting  telescope,  though  Aristotle  speaks  of  tbe  tubes  tbrougti  which 
the  ancients  observed  distant  objects,  and  compares  their  eflect  to  that  of  a  well 
from  the  bottom  of  which  tbe  stars  may  be  seen  in  daylight.'  As  au  historical  fa(;t 
without  any  equivocations,  however,  there  is  no  serious  doubt  that  the  telescope 
was  invented  in  Holknd. 

The  honour  of  beinfr  tbe  originator  has  been  claimed  for  three  men,  each  of 
whom  has  had  his  partisans.     Their  names  are  Metius,  Lipperahey,  and  Janasen. 

Galileo  himself  eavs  tbat  it  waa  through  hearing  that  some  one  in  Fnnce  or 
Holland  had  made  an  inslrument  which  magiiified  distant  objects  tbat  be  waa  lad, 
to  inquire  how  such  a  result  could  be  obtained. 

The  first  publisher  of  a  result  or  discovery,  supposing  such  discovery  to  be 
honestly  his  own,  ranks  aa  tbe  first  inventor,  and  there  is  little  doubt  that  Galileo 
iraa  tbe  first  to  show  tbe  world  bow  to  malie  a  telescope.*  His  first  telescope  nss 
made  whilst  on  a  visit  lo  Venice,  and  he  there  exhibited  a  telescope  magnifying 
three  times  i  this  was  in  May  ]G0!1.  Later  telescopes  which  emanated  from  the 
hands  of  Galileo  magnified  successively  four,  seven,  and  thirty  times.  This  latter 
number  be  never  exceeded. 

Greater  maimifying  power  was  not  attained  unlil  Kepler  explained  the  theory 
and  some  of  tlie  advantages  of  a  telescope  made  of  two  convex  lenses  in  his 
C«/iij)(nc»  (1611).  The  first  person  to  actually  apply  tbia  to  the  telescope  was 
Father  Scbeiner,  who  describes  it  in  his  Rota  Uriana  (1630),  and  Wm.  Gaacoigno 
was  the  first  to  appreciate  practically  the  chief  advantages  by  his  invention  of  the 
micrometer  and  application  of  telescopic  sights  to  instruments  of  precision. 

It  was,  however,  not  until  about  the  middle  of  the  seventeenth  century  that 
Kepler's  telescope  csme  to  be  nearly  universal,  and  then  chiefly  because  its  field 
of  view  exceeded  that  of  the  Galilean. 

Tbe  first  powerful  telescopes  were  made  by  Huyghens,  and  with  one  of  thes« 
he  discovered  Titan  (Saturn's  brightest  satellite) ;  his  telescopes  magnified  from 
forty-eight  to  ninety-two  times,  were  about  2i  inches  aperture,  with  focal  lengths 
rangine  from  12  to  23  feet.  By  the  aid  of  these  he  gave  the  first  explanation  of 
Saturns  ring,  which  he  published  in  1B59. 

Huyghena  also  states  that  he  made  obiect-glassea  of  170  feet  and  210  feet  focal 
length;  also  one  SCO  feet  long,  hut  nhich  magnified  only  OOO  limes  ^  he  also 
preeented  one  of  123  feet  to  the  Royal  Society  of  London. 
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Anzoiif  BtAtee  that  the  beet  telescopes  of  Campani  at  Rome  magnlBed 
160  times,  and  were  of  17  feet  focal  lenplh.  He  himself  is  said  .to  have  made 
telescopes  of  from  800  to  600  feet  focus,  but  it  is  improbable  that  they  were  ever 
put  to  practical  use,  Cafsini  discovered  Sntum's  fifth  salellite  (Hhea)  in  1C72, 
with  a  telescope  made  hj  Campani,  magnifying  about  150  times,  whilst  later,  in 
1684,  he  added  the  third  and  fourth  satellites  of  the  same  planet  to  the  list  of  his 
discoveries. 

Although  these  tplescoiiea  were  unwieldy,  Bradley,  with  his  UBual  persistency, 
actually  determined  the  diameter  of  Venus  in  172S  with  a  telescope  of  212  feet 
focal  length. 

With  Eucb  cumbersome  instrumeDta  many  devices  were  invented  of  pointing 
these  aerial  telegeope»,  oathey  were  termed,  to  various  parts  of  the  eliy.  Huygbens 
contrived  some  iugeniouBarrangementsfor  this  purpose, and  also  for  adjusting  and 
centreing  the  eyepiece,  the  object-glsss  and  eyepiece  being  connected  by  a  long 
braced  rod. 

It  vas  not,  however,  until  DoUond's  invention  of  the  achromatic  object^^lasa 
in  17C7-68  that  the  refracting  telescope  was  materially  improved,  and  even  ihen 
the  difficulty  of  obtaining  large  bloclu  of  glass  free  from  etriee  limited  the  telescope 
aa  riflsrda  aperture,  for  even  at  the  dnte  of  Airy's  report  we  have  seen  that 
V2  inches  was  about  the  maximum  aperture  far  an  object-glass. 

The  work  of  improving  glacs  dates  back  to  1784,  when  Guinond  began 
experimenting  with  the  manutiicture  of  optical  flint  glass. 

He  conveyed  his  secrets  to  the  firm  nf  Fmunhofer  and  Utzschneider.  whom  he 
joined  in  1806,  and  during  the  period  he  was  there  they  made  the  Q-Q  incbea 
object-glass  for  the  Dorpat  telescope; 

Merz  and  Madler,  the  succecsora  of  Fraunhofer,  carried  out  successfully  the 
methods  baoded  down  to  them  by  Ouinand  and  Fraunhofer. 

Guinand  communicated  his  secrets  to  his  family  before  his  death  in  18S3,  and 
they  entered  into  partnership  with  Eontemps.  'J'be  latter  afterwards  joined  the 
firm  of  Chance  i)ros.,  of  Birmingham,  and  so  some  of  Guinand's  work  came  to 
England . 

At  the  present  day  MAI.  Feil,  of  Paris,  who  are  direct  descendaots  of 
Quinand  and  Messrs.  Chance  Bros.,  of  Birmingham,  are  the  best  known  manu- 
facturers of  large  discs  of  optical  ;ila8S. 

It  is  related  in  history  that  Ptolemy  Euergetes  had  caused  to  be  erected  on  a 
lifrhthouee  at  Alexandria  a  pitce  of  apparatus  for  dif^covering  vessels  a  long  way 
olTj  it  has  also  been  maintained  that  the  instrument  cited  was  a  concave  reilecting 
mirror,  and  it  is  possible  to  observe  with  the  naked  eye  images  formed  by  a 
concave  mirror,  end  that  such  imsses  are  very  bright. 

Also  the  Romans  were  well  acquainted  with  the  concentrating  power  of  con- 
cave mirrors,  using  them  as  burning  mirrors,  as  they  were  called.  The  first 
application  of  an  e;e  lens  to  the  image  formed  by  reflection  from  a  concave  mirror 
appears  to  have  been  made  by  Facher  Zucchi,  an  Italian  Jesuit.     His  work  was 

?ublished  in  1652,  though  it  appears  he  employed  such  an  instrument  as  early  as 
616.  The  priority,  however,  of  describing,  if  not  making,  a  practical  reflocliog 
I^leacope  belongs  to  Gregory,  who,  in  his  '  Optica  Promoto,'  1663,  discusses  the 
forms  of  images  of  objects  produced  by  mirrors.  He  was  Ttell  aware  of  Ibe 
failure  of  all  attempts  to  penect  telescopes  by  using  lenses  of  various  curvature, 
and  proposed  the  form  nf  reflecting  telescope  which  bears  his  name. 

Newton,  however,  was  the  first  to  construct  a  reflecting  telescope,  and  with  it 
he  could  see  Jupiter's  satellites,  &c.  Encoursged  bf  this  he  made  another  of 
6i  inches  focal  lenirth,  which  magnified  thirty-eight  times,  and  this  he  presented 
to  the  Royal  Society  on  the  day  of  his  election  to  the  Society  in  1671. 

To  Newton  we  owe  also  the  idea  of  employing  [dtch,  used  in  the  working  of 
the  surfaces. 

A  third  form  of  telescope  was  invented  by  Cassegraiu  in  1672.  He  substituted 
a  small  convex  mirror  for  the  concave  mirror  in  Gregory's  form,  and  thus  rendered 
the  telescope  a  little  shorter. 

Short  fUBo,  from  1730-1768,  displayed  uncommon  ability  iu  the  mumfacton  of 
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Mflecling'  teleBcopes,  tnd  succeeded  in  giving  tme  pu«l»1ic  and  elliptic  figuru  to 
hia  apecula,  besides  obtaining  a  )iigh  degree  of  polish  upon  them.  In  Sbort'e  first 
telescopes  the  (nwculd  were  of  glixr,  u  Buggested  bj  Gregory,  but  it  was  not  until 
after  Liebig'a  discover;  of  the  proct!ES  of  depoaititig  a  film  of  metallic  silver  upon 
a  gUaa  aurface  from  a  salt  in  solution  that  gla«8  apecula  became  almost  univeraal, 
and  thus  replaced  the  metallic  ones  of  earlier  times. 

Shortly  aitei  the  annouacement  of  Liebig's  dii<coTery  Steinheil ' — and  later, 
independently,  Foucault ^^-proposed  ta  employ, glasa  for  the  apecula  of  tele- 
scopes, and,  as  is  well  knonn,  thia  is  done  in  all  the  large  reflectors  of  to-day. 

I  now  propose  to  deal  with  the  various  steps  in  the  development  of  the 
telescope,  w&icli  have  resulted  in  the  three  forms  that  I  talie  as  examples  of  the 
bigheat  development  at  the  present  time.  These  are  the  Yerkea  telescope  at 
Chicago,  mj  own  fi-foot  reflector,  and  the  telescope  lecenlly  erected  at  the  Pans 
Exhibition,  dealing  not  only  with  the  mountings,  but  with  the  principles  of  con- 
Btruction  of  each.  When  the  telescope  was  first  used  all  could  be  teen  by  holding 
it  iu  the  hand.  As  the  ma|tnifying  power  increased  same  Vind  of  support  would 
become  absolutely  necessary,  and  this  would  take  the  form  of  the  altitude  and 
aximuth  stand,  and  the  motion  of  the  heavenly  bodies  would  doubtless  sug^geat  the 

farallactic  or  eijuatorial  movement,  by  which  the  telescope  followed  the  object 
y  one  movement  of  an  axis  placed  parallel  to  the  pole.  This  did  not  come, 
however,  immediately.  The  long-focus  telescopos  of  which  I  have  spoken  were 
sometimes  used  with  a  tube,  but  more  often  the  object-glass  was  mounted  in  a 
long  cell  and  suspended  from  the  top  of  a  pole,  at  the  right  height  to  be  in  a  line 
between  the  observer  and  the  object  to  be  looked  at ;  and  it  was  so  arranged  that 
by  means  of  a  pord  it  could  be  brought  intn  a  fairly  correct  position.  Notwith- 
standing the  extreme  awkwHrdness  of  this  arrangemeDt  most  excellent  obaerratjons 
were  made  in  the  seventeenth  century  by  the  users  of  these  telescopes.  Then  ihe 
achromatic  telescope  was  invented  and  mecbanical  mountings  were  used,  with 
circles  for  finding  positions,  much  as  we  hove  them  now.  I  have  already  mentioned 
the  rivalry  between  the  Kngliah  and  Qermnn  forms  of  mountings,  and  Airy'a 
preference  for  the  English  form.  The  general  feeling  amongst  astronomers  has, 
nowever,  been  largely  in  favour  of  the  German  mounting  for  refractora,  due,  no 
doubt,  to  a  great  extent,  to  the  enormous  advance  in  engineering  tkill.  We  have 
many  examples  of  this  fonn  of  mounting.  A  list  of  the  principal  large  refracting 
and  reflecting  telescopes  noWoiisting  is  given  at  the  end  of  this  Address,  All  the 
refractors  in  this  list,  with  the  exception  cf  the  Paris  telescope  of  50  inches,  and 
the  Greenwich  telescope  of  28  inches,  are  mounted  on  the  German  form.  Some 
of  these  carry  a  reflector  as  well  as,  for  instance,  the  telescope  lately  presented 
to  the  Greenwich  Observatory  by  Sir  Henry  Thompson,  which,  in  addition  to  a 
26-iDcb  refractor,  carries  a  80-incb  reflector  at  the  other  end  of  the  declination 
axis,  such  as  had  been  previously  used  by  Sir  William  Hoggins  and  Dr.  Roberts; 
the  last,  and  perhaps  the  finest,  example  of  the  German  form  being  the  Yeriies 
telescope  at  Chicago. 

The  imtl\  reflector  made  by  Sir  Isaac  Newton,  probably  the  first  ever  made, 
and  now  at  the  Roysl  Society,  is  mounted  on  a  ball,  gripped  by  two  cnrved 
pieces,  attached  to  the  body  of  the  telescope,  which  allows  the  telescope  to  be 
pointed  in  auy  direction.  We  have  not  much  information  as  to  the  mounting  of 
early  reflectors.  Sir  William  Ilerschcl  mounted  bis  4-foot  telescope  on  a  rough 
but  admirably  planned  open-work  mnunting,  capable  of  being  turned  round,  and 
with  means  to  tilt  the  telescope  to  any  required  angle'.  This  form  was  not  very 
suitable  for  picking  up  objects  or  determining  their  position,  except  indirectly;  but 
for  the  way  it  was  used  by  Sir  William  Herscbel  it  was  most,  admirably  adapted ; 
tbe  telescope  being  elevated  to  the  required  angle,  it  was  left  in  that  position,  and 
became  practically  a  transit  instrument.  All  the  objects  passing  through  the  field 
of  view  (which  wae  of  considerable  extent,  as  tbe  eyepiece  could  be  moved  in 
declination)  were  observed,  and  their  placea  in  time  and  declination  noted,  bo  that 

'  Oaz.  Vnir.  d'Avgthurg,  llarcb  24,  I8S6. 
T  Cipn^tt*  B«pd.,  vol,  xliT.  Febrtiar^  1857, 
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tiiB  pontioDs  of  all  these  object!  in  the  lODe  observed  were  obtained  with  A 
conudenible  degree  of  accuracy.  It  vee  on  this  plan  that  Sir  John  Herscbel  made 
bia  general  catalogue  of  nebulte,  embracing  all  the  DebulB  be  coald  see  in  both 
hemispheres ;  a  complete  work  by  one  man  tliat  is  almost  uolqae  in  the  bistoiy  of 


Sir  VVilllam  Herschel'B  mounting  of  his  4-foot  reSector  difTera  In  almost  everr 
particular  from  the  mounting  of  the  long-focus  telescoI>eg  we  have  just  apoken  of. 
Tba  object-glass  was  at  a  height,  the  reilector  was  close  to  the  grouod.  Then  was 
a  tube  to  one  telescope,  but  not  to  the  other.  The  obaerTer  in  one  case  stood  on 
the  ground,  in  the  other  he  was  on  a  stage  at  a  cousiderahle  elevation,  One  pole 
BufSced  with  a  cord  for  one ;  a  whole  mass  of  poles,  wheels,  pulleys,  and  ropes  sur- 
rounded the  other.     In  one  respect  only  were  they  alike^they  both  did  fine  work. 

Lassell  seems  to  have  been  the  first  to  mount  a  reBector  equatorial ty.  He, 
like  Uerschel,  made  a  4-foot  telescope,  which  he  mounted  in  Uiia  way.  .Lord 
RosM  mounted  his  leleecopes  eomewhat  after  tha  manner  of  Sir  William  HerscheL 
'the  present  £arl  has  mounted  a  3-faot  equatorially. 

A  4-foot  telescope  was  mode  by  Thomas  Orubb  for  Melbourne,  and  this  lA 
mounted  on  the  Germaa  plan.  The  telescope  being  a  Coesegrain,  the  ohserver  is 
practically  on  the  ground  level.  A  aomowbat  aiiuilar  iniitrument  ezieta  at  the 
Paris  Observatory.  Laasell'fl  4-foot  was  mounted  inwhatiscalled  a  fork  mounting, 
•a  is  also  my  own  6-foot  reilector,  and  this  in  some  ways  seems  well  adapted  for 
refleclors  of  the  Newtonian  kind. 

We  now  coma  to  the  Paris  telescope.  This  is  really  the  result  of  the  combina- 
tion of  a  reSector  and  a  refractor.  I  cannot  say  when  a  plane  mirror  was  first 
used  to  direct  the  light  into  a  telescope  for  astronomical  purposes.  It  seems  first 
to  have  been  auggested  by  Ilooke,  who,  at  a  meeting  of  the  Royal  Society, 
when  the  difficulty  of  mouoting  the  lonj;-focus  lenses  of  Huyghens  waa  under 
discussion,  pointed  out  that  all  ditficulties  would  be  done  away  nilh  if,  instead  of 
ffiving  movoment  to  the  huge  telescope  itself,  a  plana  mirror  wer«  mode  to  move 
ID  front  of  it.' 

The  Earl  of  Crawford,  then  Lord  Lindsay,  used  a  heliostat  to  direct  the  rays 
from  the  sun,  on  the  occasion  of  the  tranut  of  Venus,  through  a  lens  of  40  feet 
focal  length,  in  order  to  obtain  photographs,  and  it  was  also  largely  used  by  tha 
American  observers  on  the  same  occasion. 

Monsieur  Loeiry  at  Paris  proposed  in  1871  a  mo*t  ingenious  telescope  mode  bv 
n  combination  of  two  plane  mirrors  and  an  achromatic  object-glaaa,  which  he  calu 
K  Coude  telescope,  which  has  some  most  important  advantages.  Chief  amongst 
these  are  that  tbe  observer  sit«  in  perfect  comfort  at  the  upper  end  of  the  polar 
kzis,  whence  be  need  not  move,  and  by  suitable  arrangements  he  can  direct  the 
telescope  to  any  part  of  tbe  visible  heavens.  Several  have  been  made  in  France, 
including  a  large  one  of  l'4  inches  aperture,  erected  at  the  Furis  Observatory,  and 
which  has  already  made  its  mark  by  theproductionorperhaps  tbe  best  photographs 
of  the  moou  yet  obtained.  I  have  already  spoken  of  Lord  Lindsay  and  his  40-l'oot 
telescope,  fed,  as  it  were,  with  tight  from  a  heliostat.  This  is  exactly  tbe 
plan  that  has  been  followed  in  the  design  of  the  large  telescope  in  the  Paris 
Exhibition.  Itutinplaceof  a  lens  of  4  inches  aperture  and  a  heliostat  a  few  inches 
larger,  the  Paris  teleecope  baa  a  plane  mirror  of  6  feet  and  a  lens  exceeding 
4  feet  in  diamet«r,  with  a  focal  length  of  18G  feet.  The  cost  of  a  mounting  on  tbe 
Oerman  plan  and  of  a  dome  to  shelter  such  an  instrument  would  have  been 
enormous.  The  form  chosen  is  at  once  tbe  beat  and  cheapest.  One  of  the 
great  disadvantage*!  ia  that  from  Ibe  nature  of  things  it  cannot  take  in  the 
whole  of  tbe  heavens.  The  heliostat  form  of  mounting  of  the  plane  mirror  causes 
a  rotation  of  tbe  image  in  the  field  of  view  which  in  maoj  lines  of  research  ia  a 
■troog  objection.  There  is  much  Ia  be  said  on  the  other  aide.  Tbe  dome  is 
dispensed  with  ;  the  tube,  the  equatorial  mounting,  and  the  rising  floor  are  not 
wanted.  Tbe  mechanical  arrangements  of  importance  are  confined  to  tbe 
f  the  necessary  machinery  to  carry  the  large  plnoe  mirror  and  mote 
:  the  proper  rate.  The  telescope  need  not  nave  any  tube  (that  to 
•  Irtckjer,  Slar-jjating,  p.  433, 
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the  Paris  telescope  U  of  course  only  placed  there  for  eHect),  as  the  flimsi^t 
covering  ia enough  if  it  escliidea  fulse  light  fslling  on  the  eve  end;  and  more 
important  than  all,  the  obserrer  uta  at  his  vane  in  the  du-k  cbamber.  This 
question  of  the  obserTer,  &nd  the  conditions  under  vhich  be  observes,  is  %  most 
important  one  as  regards  both  (he  qimlil;  and  quantity  of  the  work  done. 

We  bnvB  walclieU  the  aslronomtr,  first  observing  from  the  floor  level,  then 
mounted  on  a  higli  scaffold  tike  Sir  ^^'illLam  Herschel,  Lasaell,  and  Lord  Roase ; 
then  starting  again  from  the  floor  level  and  using  the  early  achromatic  telescope ; 
then,  aa  tlic^e  gven-  in  az^,  climbing  up  on  observing  chairs  to  suit  the  various 
positiona  of  the  eye  end  of  the  teU'scope,  aa  we  see  in  Mr.  Newail'a  great  telescope; 
then  brought  to  the  floor  again  by  that  excellent  device  of  Sir  Howard  Gmbb, 
the  rising  floor.  Tbi.i  is  in  use  w'ith  the  Lick  and  the  Yerkes  telescopes,  where 
the  observer  is  practienlly  always  on  the  floor  level,  though  constant  attention  ia 
needed,  and  the  circular  motion  bas  to  be  provided  for  bv  constant  movement,  to 
say  nothing  of  the  danger  of  the  floor  going  wrong,  "then  we  have  tfae  ideal 
condition,  as  in  the  Equatorial  CoudS  at  the  Paria  Observatory,  where  the  observei 
sits  comfortably  sheltered  and  looks  down  the  telescope,  and  from  this  positioa 
can  survey  the  whole  of  the  visible  heavens.  The  comfort  of  the  observer  is  a 
mo!:t  important  matter,  especially  for  the  long  exposures  that  ue  given  to  pboto- 
gmpliic  plates,  as  well  as  for  continued  visual  work.  In  such  a  form  of  leleecope 
as  that  at  Paris  the  heliostat  form  of  mounting  the  plane  mirror  is  most  Buit»ble, 
notwithstanding  the  rotation  of  the  image.  But  there  is  another  vs'ay  ia  which 
a  plane  mirror  can  be  mounted,  namely,  on  the  plan  first  proposed  by  Augusts 
manyyeHrsogo,and  lately  brought  forward  again  by  M on s.  Lippmanu,  of  Paris,  and 
that  is  by  siuiply  mounticg  the  plane  mirror  on  apolaraiisand  parallel  therewith, 
and  causing  this  mirror  to  rotate  at  half  the  speed  of  (he  earth's  rotation.  Any 
part  of  the  heavens  seen  by  any  person  rejected  from  this  mirror  will  appear  to 
be  fixed  in  space,  and  not  partake  of  the  appeuvnt  movement  of  the  earth,  aa  long 
as  the  mirror  is  kept  moving  at  this  rate.  A  telescope,  therefore,  directed  to  such 
a  mirror  can  observe  any  heavenly  borly  as  if  It  were  in  an  absolutely  fixed  position 
so  long  as  the  angle  of  the  mirror  shafl  not  be  such  as  to  make  the  reflects!  beam 
less  than  will  fill  the  object-glass.  There  is  one  disadvantage  in  the  ccelostat,  as 
thin  instrument  is  called,  and  that  is  its  suitability  only  for  regions  near  the 
equator.  The  range  above  and  below,  however,  in  large  enough  to  inclnde  the 
greater  portion  of  the  heavens,  and  that  portion  in  which  the  solar  system  is 
included.  Here  the  tele.-icope  must  be  moved  in  azimuth  for  diHerent  portions  of 
the  sky,  as  is  fully  explained  by  Professor  Turner  in  vol.  Ivi.  of  the '  Monthly  Kotices,' 
and  it  therefiire  becomes  necessary  to  provide  for  moving  the  telescope  in  azimuth 
from  time  to  time  as  dillerunt  zon>-'S  above  or  below  die  equator  are  observed. 
No  instrument  yet  devised  is  suitable  for  all  kinds  of  work,  but  this  form,  not- 
withstanding its  defects,  has  so  many  and  such  important  advantages  that  I 
think  it  will  obviate  the  necessity  of  building  any  larger  refractor.4  on  the  nsual 
iiiodels.  The  cost  of  producing  a  telescope  much  larger  than  the  Yerkes  on  that 
model,  in  comparison  with  what  could  be  done  on  the  plan  I  now  advocate,  renders 
it  most  improbablo  that  further  money  wilt  be  spent  in  that  way.  It  may  he 
asked,  What  are  the  lines  of  research  which  coidd  t>e  taken  up  by  a  telescope  of 
this  construction,  and  on  what  lines  should  the  telescope  be  built  P  I  will  endeavour 
to  answer  this.  All  the  work  that  is  usually  done  by  an  astronomical  telescope, 
excepting  very  long-continued  observations,  can  be  equally  well  done  by  the  fiied 
telescope.  But  there  are  some  special  lines  for  which  thb  form  of  research  is 
admirably  suited,  such  as  photographs  of  the  moon,  which  would  be  possible  with 
a  reBecting  niirror  of,  say,  'JW>  feet  focnt  length,  giving  on  image  of  some  3  feet 
diameterin  a  primary  focus,  or  a  larger  imngp  might  beobtained  either  by  a  longer- 
focus  mirror  or  by  a  combination.  It  might  even  be  vuorth  while'  to  build 
o  speciul  cceloHtat  for  lunar  photography,  provided  with  an  adjuslnient  to  the 
polar  axis  and  a  method  of  regiilatjng  the  rate  of  clock  to  correct  the  insular 
motion  of  the  moon,  and  thus  obtain  absolutely  fixed  imogea  on  the  photographic 

The  ftdvantsge  of  large  primary  images  in  photography  is  tow  fully  recog- 


THANSiCTlOXS  OF  SECTION  A.  671 

nlsed.  For  all  other  kindi  of  astionomical  pdotograpby  a  flsei  telescope  is 
Bdmiwitilj  fidapfod;  and  bo  with  all  Bpeotroscopic  iuvBsti^uons,  a  little  con- 
Hideration  will  show  thftt  the  conditions  under  which  these  mveetigatioDa  can  be 
pursued  are  almOHt  ideal.  As  to  the  actuitl  form  sach  ft  conatruction  would  take, 
we  can  easily  imagine  it.  The  large  mirror  mounted  ns  &  coclostat  in  the  centre ; 
circular  tracts  round  this  centre,  on  which  a  fan-shaped  bouse  can  be  travelled 
round  to  any  azimuth,  containii^  all  the  necessary  apparatus  for  utilising  the 
light  from  the  large  plane  mirror,  ao  aa  to  be  easily  moved  round  to  the  required 
position  in  azimuth  for  observation.  In  place  of  a  fan-shaped  house  movable 
round  the  plane  mirror,  a  permanent  house  might  encircla  tbe  greater  portion 
round  the  mirror,  and  in  thia  house  the  telescope  or  whatever  optical  combination 
is  used  migbt  be  arranged  on  an  open  framework,  supported  on  similar  rails,  ao 
aa  to  run  round  to  any  azimuth  required.  Tbe  aimplicity  of  the  arrangement 
and  the  enormous  saving  in  coat  would  allow  in  any  well-equipped  observatory 
the  use  of  a  apecial  instrument  for  special  work.  Tbe  French  telescope  bas  a 
mirror  about  6  feet  in  diameter  and  a  lens  of  about  4  feet.  This  is  a  great  at«p 
in  advance  over  the  Yerkea  telescope,  and  it  may  be  some  time  before  tbe  glaaa 
for  a  lens  greater  than  GO  inches  diameter  will  be  made,  as  the  diOicullT  in  making 
optical  glass  ia  undoubtedly  very  great.  But  with  tlie  plane  mirror  tnere  will  ba 
no  such  difficulty,  as  Ofeet  ha^  already  been  made  ;  and  so  with  a  concave  mirror 
there  would  be  little  ditficulty  in  beginning  with  0  feet  or  7  feet,  Tbe  way  in 
which  the  mirror  would  be  used,  always  banging  in  n  band,  is  the  most  favour- 
able condition  for  good  work,  and  the  absence  of  motion  during  an  observation, 
except  of  course  that  of  the  plane  mirror  (which  could  be  given  by  flouting  tbe 
polar  Kiia  and  suitable  mechanical  arrangements,  a  motion  of  almost  perfect 
w^ularity). 

One  extremely  important  thing  in  using  silver  or  glaas  mirrors  is  the  matter 
of  resiivering  from  time  to  time.  Up  to  quits  recently  the  silvering  of  my  5-foot 
mirror  was  n  long,  uncertain,  and  eipensiva  process.  Now  we  have  a  method  of 
silvering  mirrors  that  is  certmn,  quick,  and  cheap.  This  takes  away  tbe  cne  great 
disability  from  the  silver  or  glass  reflecting  telescope,  as  tbe  surface  of  silver 
can  now  be  renewed  with  greater  ease  and  in  leas  time  than  the  lenses  of  a  large 
refracting  telescope  could  be  taken  out  and  cleaned.  It  may  be  that  we  shall 
revert  to  specul.um  metal  for  our  mirrors,  or  use  some  ptber  deposited  metal  on 
glass ;  but  even  as  it  is  we  have  the  silvered  glass  refiectcr,  whith  at  once  allows 
an  enormous  advance  in  power.  To  do  justice  to  aay  large  telescopg  it  should 
be  erected  in  a  position,  as  regards  climate,  where  the  conditions  are  as  favour- 
able aa  possible. 

Tbe  invention  of  the  telescops  is  to  me  tbe  most  beautiful  ever  made.  Famili- 
arity both  in  making  and  in  using  has  only  increased  my  admiration.  With  tbe 
exception  of  the  microphone  of  tbe  late  Profeaaor  Hughes,  wbich  enabled  one  to 
bear  otherwise  inaudible  sounds,  sight  is  the  only  sense  that  we  have  been  able  to 
enormoualy  increase  in  range.  The  telescope  eeables  one  to  see  distant  objects  as  if 
they  were  at,  say,  one  five-thousandth  part  of  their  distance,  whilst  tbe  microscope 
renders  vidble  objecta  so  smalt  as  to  ba  almost  incredible.  In  order  to  appreciate 
better  what  optical  aid  dues  for  tbe  sense  of  eight,  we  can  imagine  the  size  of  an  eye, 
and  therefore  of  a  man,  capable  of  seeing  in  a,  natural  way  what  tbe  ordinary  eya 
sees  by  the  aid  of  a  large  telescope,  and,  on  tbe  other  hand,  tbe  size  of  a  man  and 
his  eye  that  could  see  plainly  *!mall  objecia  as  we  see  tbem  under  a  powerful  micro" 
scope.  Tbe  man  in  the  £rst  case  would  be  several  miles  in  height,  and  in  tbe 
latter  he  would  not  exceed  a  very  small  fraction  of  an  inch  in  height. 

Fhotography  also  comes  in  as  a  further  aid  to  the  telescope,  as  it  may  possibly 
be  to  the  microscope.  For  a  certain  amnuct  of  light  ia  iiecee^ary  to  produce  seu- 
aation  in  tbe  eye.  If  this  light  is  insufficient  nothing  is  seen ;  but  owing  to  the 
accumulative  effect  of  light  on  the  photogruphic  platt',  photographs  can  be 
taken  of  objects  otherwise  invisible,  aa  I  pointed  out  years  ago,  for  in  photographs 
I  took  in  Ib&S  stars  were  shown  on  photographic  plates  that  I  could  not  ees  in  the 
telescope.  All  photographs,  when  closely  enamined,  are  made  np  of  a  certain 
nomber  of  little  dots,  as  it  were,  in  tbe  nature  of  etippling,  and  it  is  a  very  inter- 
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eating  polat  to  cotutdet  the  TeUtion  of  the  size  and  Bepmtion  of  these  dots  tW 
form  tne  image,  and  the  rods  and  conea  of  the  reckoner  irhich  determinee  the 
power  of  the  eje, 

Hanf  years  ago  I  tried  to  detennine  this  question.  1  &nt  took  a  photograph 
of  the  moon  with  a  teleecope  of  vety  short  focus  (as  near  as  I  could  get  it  to  t&e 
focua  of  the  eye  itself,  which  is  about  half  an  inch).  The  resulting  photogrSiph 
measured  one  two^huodredth  of  an  inch  in  diameter,  and  when  examined  again 
with  a  microscope  showed  a  fair  amount  of  detail,  in  fact,  Terj  much  as  we  see 
the  moon  with  the  naked  eye ;  making  a  picture  of  the  moon  by  hand  on  each 
a  scale  that  each  separate  dot  of  which  it  was  made  corresponded  with  eadi 
separate  eensiuve  point  of  the  retina  employed  when  viewing  the  moon  without 
optical  aid,  I  found,  on  looking  at  this  picture  at  tha  proper  dixtance.  that  it  looked 
exactly  like  a  real  moon.  In  this  case  the  distance  ofthe  dots  was  constant,  mak- 
ing them  larger  or  smaller  forming  the  light  or  shade  of  the  picture. 

I  did  not  complete  these  experiments,  but  ss  far  as  I  went  I  thought  that  them 
was  good  reason  to  believe  that  we  could  in  this  way  increase  the  defining  powei 
of  the  eye.     It  is  a  subject  welt  worthy  of  further  consideration. 

I  know  that  in  this  imperfect  and  necessarily  brief  address  I  hsTe  been  obliged 
to  omit  the  names  of  many  workers,  but  I  caimot  conclude  without  alluding  to  tin 
part  that  this  Association  baa  played  in  fostering  and  aiding  Astronomy.  A  ftlauce 
through  the  list  of  money  grants  shows  that  the  help  has  been  most  liberal.  In  dit 
youth  I  recollect  the  great  value  that  was  put  on  the  British  Association  Catalogiie 
of  Stars ;  wo  know  the  help  that  was  given  in  its  early  days  to  tbs  Kew  Observa- 
tory ;  and  the  Reports  of  the  Association  show  the  great  interest  that  has  always 
been  taken  in  our  work.  The  formatioa  of  a  separate  Department  of  Astrcaomy  is, 
I  hope,  a  pledge  that  this  interest  will  be  continued,  to  the  adrantage  of  oni 
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28  0      J     Washburn          Observatory, 
2T0     ;,        Madison,  Wisconsin  .       . 
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15-0 

Rafloctors  a  tests  inches  ana  upwards      f      Beflectors  3  feet 6  incliag  and opiraidi     1 
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Ft.    In.l                                                           Ft    In. 
6    0     '    Sonth  Kensington         .       .SO 
5    0      1     CrosBley  (Lick)     .         ,         .       S    0 
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The  followiDg  Papers  were  read : — 

1.  On  the  Application  of  the  EUclric  Tdegraph  to  the  Furtheranct  oj 
Etiipas  Research.  By  Professor  Dwid  P.  Todd,  Director  oJ  the 
Observatory  of  Amherst  College,  U.S.A. 

Id  1878  tbe  idea  first  occurred  to  the  writer'  of  telepuphiog  eastward  in 
ftdvance  of  the  lunar  shadow  in  order  to  enable  the  immediate  verification  of 


aDT  possible  discover;  as  of  an  intra  mere  urian  planet  without  waitinf^  for  another 
eclipse  to  take  placo.  A  scheme  of  applicattoa  to  the  eclipse  of  1887  was 
publiabed,"  but  tbe  feasibility  of  the  methiKl  was  not  demonstrated  till  the  echpae 
of  January  188t),  when  the  Oalifomla  observations  were,  bj  the  courtesy  of  the 
Western  Uoieu  Telegraph  Company,  reported  in  New  York  with  such  celeritv  as 
to  outstrip  completely  the  motion  of  the  moon's  shadow  across  the  earth.'  A  like 
experiment,  only  in  more  practical  form,  was  carried  out  during  the  recent  eclipse 
l^  CO- ops  ration  with  Mr,  A.  E,  Douglass,  of  the  Lowell  Observatory,  whoso  station 
was  in  Washington,  Georgia.  Totality  there  preceded  tbe  same  phenomenon  in 
Tripoli,  the  writer's  station,  by  2  hours  46  minutes.  Immediately  totality  was 
over,  Mr.  Douglass  reported  in  full  the  success  of  his  observations  and  the  lustra- 
ments  with  which  thev  were  made,  his  despatch  being  forwarded  at  once  to 
Washington  and  New  York,  and  over  the  Western  Union  Company's  cables  to 
Penzance.  By  the  courtesy  of  J.  Donison  Pender,  Es^.,  Vice-President  and 
Uanaging  Director  of  the  FJasIern  Telegraph  Company,  London,  ifae  message  was 
forwarded  over  this  company's  cables  from  Penzance  to  Gibraltar,  thence  to  Malta, 
»nd  finally  to  Tripoli,  where  a  special  messenger  delivered  it  at  once  to  the  writer  at 
the  British  Consulate.  This  message  was  received  and  read  in  less  than  half  an 
hour  of  absolute  time  from  its  leavin^r  Georgia,  and  more  than  two  hours  before 
totality  actually  came  on  at  Tripoli.  Had  the  message  announced  anj  discoreiy, 
there  was  abundant  time  to  have  prepared  for  its  special  verittcation. 

The  thanks  of  astronomers  are  especially  due  to  the  managers  of  these 
two  grest  telegraph  systems  for  their  generous  gift  of  this  service,  which  has  now 
proved  conclusively  tbe  practicability  of  communication  between  remole  eclipse 
stations  while  the  moon's  shadow  is  still  upon  the  earth.  It  is  easy  to  see  how 
such  communication,  during  the  total  eclipse  of  188^1,  might  have  afforded  data  for 
the  orbit  of  the  comet  discovered  during  that  eclipse,  and  wboee  path  is  now 
unknown. 

Similarly,  also,  application  of  the  land  and  cable  lines  of  the  globe  may  be  of 
the  greatest  service  in  notifying  the  occurrence  of  future  meteoric  showers. 


2.  On  the  Operation  of  Eclipse  Initrutnenls  Automatically.     By  Professor 
Datid  p.  Todd,  JDirector  of  the  Obeervaiory  of  Amherst  College,  U.S.A. 

Tbe  succusful  applieatioii  of  automatic  machinery  to  a  wide  variety  of  iu«i 
and  purposes,  removing  the  uncertainty  of  manual  operatians,  indii^tes  clearly  the 
de&nibility  of  its  appbcatioi)  to  the  photography  of  solar  eclipses. 

Three  distinct  systems  of  controlling  the  mechanical  movements  of  such 
instruments  are  fessLble,  the  capabilities  of  all  of  which  I  have  tested  within 
T  ecent  years : 


The  power  requipit*  for  the  individual  movements  of  shutters  and  plate- 
holders  was  obtained  by  small  collapsible  pneumatic  '  pockets,'  connected  with  a 
'   WaiUingteti  Aiiroiurmieal  Obtereatiaiu/or  ISTG,  Appendix  iii.  p.  3.^^. 

■  AmerUan  Jonmol  of  Seienee,  vol.  czxxiii.  p.  226, 

■  Total  Eotipiet  ef  tilt  Sua,  by  Mrs.  Todd  (Sampson  Low,  Uarston,  &  Co .  ISOOt 
pp.l6i-17B.  ' 

^MimtMf  Kirtiet*  KA.S.,  vol.  1.  p.  360. 
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wM  controlled  throuf  h  ft  pneumAtic  commutator,  the  conbol  sheet  beins  of  p^)er, 
and  hftTiDg  perforations  &t  such  pointa  u  correeponded  to  tlie  meciianiain  oi 
imtrumeDt  desired.  Thia  sheet  unwouod  from  the  barrel  of  an  ordiiiary  chrono- 
graph, which  theteb;  not  onl;  regulated  the  ezpORurea,  hut  recorded  their  nxact 
times.  Tweiit;-two  photograpbic  ioBtrumeata  were  controlled  by  this  scheme  of 
operation  at  Cape  Ledo,  West  Africa,  on  December  22, 1889. 

(b)  The  electric  ejstem  devised  and  buUt  for  the  Ambeist  Eclipse  Expedition 
to  Japan,  1896,  through  the  liberality  of  Sfeasrs.  WiUia  and  Arthur  James,  of 
Kaw  York,  who  tent  the  eipedifion  out  in  their  jacht  Coronet.^  The  power 
requisitA  for  the  automatic  movementa  was  here  derived  for  the  most  part  from 
spiral  springs,  the  recoil  of  which  was  govemed  by  specially  devised  escapementa 
operated  by  ordinary  electro-magnets.  The  control  ciirteuts  wet«  sent  throu;(]i  a 
commutator*  which  was  origin^y  a  chronograph,  tbe  cylinder  being  replaced  by 
a  copper  barrel,  in  which  pins  were  inserted  at  suitable  paints  for  making  contacts 
with  the  teeth  of  a  copper  comb.  Thus,  as  in  tbe  pneumatic  system,  the  commu- 
tator regulated  the  exposures  and  recorded  tbeir  times  a;  well.  Twenty  photo- 
graphic instruments  were  controlled  by  this  scheme  of  operation  at  Eeashi,  Japan, 
on  August  0, 1896. 

(c)  Tbe  mechanical  system,  devised  and  built  for  the  expedition  to  Tripoli, 
1900,  and  at  the  charges  of  Mr.  Percival  Lowell,  of  Boston.  By  the  courtesy  of 
the  Hon.  T.  S.  Jago,  II.B.M.'b  Consul -General  at  Tripoli,  the  station  waa 
established  on  the  terrace  or  roof  of  the  British  Consulate.  This  location  afforded, 
among  other  advantai^es,  an  exceptional  chance  of  utilising  gravity  as  a  motire 
power  for  the  mechanical  operation  of  shutters  and  piate-bolders  by  means  ot 
cords  wound  upon  pulleys  which  turned  the  axles,  the  cords  being  pulled  by  small 
weights  which  dascendnl  within  the  interior  court  of  tbe  Consulate.  This  system 
nothaving  been  invented  until  after  my  arrival  in  Tripoli,  itscouEtruction  was  neces- 
sarily crude  aad  provisionsl.  In  addition  to  the  nelp  of  native  artisaiu  I  hod 
the  very  efficient  assistance  of  Mesars.  VV.  II,  Venables  and  W.  F.  Riley,  of  tbe 
English  colony  in  Tripoli.  The  commulator  was  again  a  barrel,  improvised  from  a 
large  oil-drum,  and  turned  by  a  cord  and  heavy  weight,  it^  speed  being  regulat«^ 
to  the  requisite  accuracy  by  a  fan  governor.  By  the  courtesy  of  Mr.  Jamw  A. 
Doogfaan  this  was  built  in  the  machine  eliops  of  Messrs.  Perry,  Bury,  &  Company. 
From  the  commutator  barrel  there  unwound  also  seven  cnrds  which  passed  over 
pulleys  to  the  various  mechaoical  movements  of  the  shuttere  and  plate-barrek, 
held  in  position  by  escapements  similar  to  those  used  in  Japan  for  the  previous 
eclipse ;  and  upon  these  cords  were  fastened  large  beads  at  intervals  suited  to  the 
exposures  required.  Each  bead  in  passing  the  escapement  tripped  it,  thus 
allowing  gravity  to  advance  the  movement  by  a  single  stajje  or  unit,  Sevan 
instruments  were  operated  on  thia  system  during  the  recent  eclipse  at  Tripoli,  and 
about  one  hundred  photographs  eecured. 

Experience  with  these  three  systems  leads  me  to  the  conclusion  that  with 
'  slight  modificatiobs  tbe  last  is  Amplest  and  best  for  the  automatic  operatidn  of  a 
very  few  instrumSiits,  But  a  combination  of  the  first  and  second  is  beat  for  » large 
number  of  instruments,  the  raechanisnia  being  no  more  likely  to  get  out  of  order 
than  the  similar  movements  in  the  pneumalic  aad  electric  action  of  a  modem 
cliurch  organ,  and  no  more  likely  to  tail  of  the  right  exposure  on  the  right  plate 
St  the  right  time  than  such  on  organ  u  likely  to  sound  a  false  or  unintended  note. 


3.  On  the  Adaptation  of  ike  Principle  of  the  Wedge  Photomel^  to  the 
Biograph  Camera  in  photographing  Total  Eclipgea.  By  Professor 
David  P.  Todd,  M.A.,  Ph.D.,  Director  of  the  Obssrvatorv  of  Amhertt 

CoUege,  U.S.A. 

This  paper  describes  an  instrument  deviled  for  photographingtbe  recent  edipee 
— both  the  slender  partial  phases  and  the  coroni  on  a  single  Um,  with  conectlv 
JM«  Aitropkf/siealJatintal,  vol.  v.,  p.  31S. 
'  atari  and  TeUtwpet,  by  Professor  David  P.  Todd  (Sampson  Low,  Huston,  ft 
Co,  1800),  p.  368,  ^       *X;  m'^  IC^ 
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gndaated  erpoenresforatch.  Juit  in  froDt  of  the  film  ia  mounted  apoaitire  ved^e 
of  jeUow  opticBl  glue,  backed  with  an  equlvaleat  negative  wedge  of  plain  optical 
sUmi  the  wDole  having  a  sliding  motion  lengthwise.  The  neceeaar;  thiekneaa  and 
length  of  the  wedges  are  first  found  by  experiment  on  the  eon,  entirely  obscured 
artiBcially  by  an  occulting  disc,  excepting  only  the  extreme  limb.  Through  a 
ruby  aperture  in  the  camera  the  observer  wstcbes  the  gradually  diminidiiiig 
eclipse  cre»ceat  on  the  film,  and  racks  the  wedge  along,  kauping  the  intensity  of 
the  image  as  nearly  as  poasible  constant.  The  biograph  films  of  the  recent 
eclipse,  taken  by  Mr.  J.  N.  Maskelyne,  F.R.A.S.,  indicate  the  necessity  of  this 
great  raduction  of  the  strong  light  of  the  crescents,  to  avoid  soliu^tiou ;  and  show 
further  the  ease  with  which  the  inner  coronal  lisg  can  be  pbob^aphed,  long 
before  and  after  totality. 


4.  On  t!ie  ' Square-ihwMered'  Aspect  of  Salum. 
B>j  E.  M.  Antoniadi,  F.R.A.S. 
The  author  accounts  for  the  abnormal  figure  assumed  by  Saturn,  under  a 
alight  opening  of  the  ring  system,  by  the  exiatence  of  the  planet's  dark  polar  caps, 
checking  irraaiation  along  the  minor  axis  of  the  disc. 


b.  On  the  Types  ofSun-gpot  jDislufianeea. 
By  Rev.  A.  L.  Cortie,  F.R.A.S. 

As  an  aid  to  researches  connected  with  sun-spots  an  attempt  hns  been  made 
to  classify  them  according  to  some  prevaiting  typical  forms.  For  this  purpose  the 
Stonyhnist  drawings  of  the  solar  surface  for  the  last  twenty  years  have  been 
carefully  eismined.  From  these  it  would  follow  that  spots  appear  as  scattered 
groups  of  Mnall  spots,  as  trains  of  spots,  ss  composite  groups  consisting  of  three  or 
more  larger  spots,  as  single  spots  oi  round  and  regular  outline  which  may  or  mav 
not  be  accompanied  by  smaller  companions,  and  as  single  spots  of  irregular 
outline  at  times  accompanied  by  a  train  of  small  companions,  or  with  outliers  not 
arranged  in  the  form  of  a  train.  The  chief  type,  however,  of  which  the  abova- 
meutioned  are  in  most,  probably  in  all,  coees  but  phases,  is  the  double-spot 
formation,  with  a  train  of  smaller  spots  between  the  two  principal  spots  of  the 
group.  In  this  form  the  principal  spot,  which  eventually  becomes  a  round  spot  of 
reguur  outline,  is  generally  the  leading  spot ;  but  in  some  cases  it  is  the  following 
spot,  while  in  other  yet  rarer  cases  both  the  chief  spots  develop  as  regular  spots, 
'iba  mode  of  development  of  this  leading  type  is  described  in  detaU,  The 
following  are  su^ested  as  the  types  which  will  be  probably  found  to  cover  every 
case  that  may  arise. 

Type  I.  Agroap  of  a  few  scattered  small  spots. 

Type  H.  The  two-spot  formation. 

I^pe  II.  a.  In  whicn  the  leader  is  tbe  prindpal  spot. 

Type  II.  b.  In  which  the  following  spot  is  the  principal  spot. 

Type  II.  c.  In  which  both  spots  are  more  or  less  equal. 

Type  III.  A  train  of  spots. 

Type  III.  a.  With  well-defined  prindpal  spots. 

Type  III.  b.  Without  well-defined  principal  Spots,  but  mostly  penumbrsl 
patches  with  scattered  irregular  umhrie. 

Type  IV.  Single  spots. 

Type  IV.  a.  A  single  spot  of  round  and  regular  outlins. 

Type  IV.  b.  A  single  spot  of  round  and  regular  outline,  with  small  com- 
panions. 

Type  IV.  c.  A  single  spot  of  irregular  outline. 

Type  IV.  A.  A  ungle  spot  of  irregular  outline  with  a  train  of  unall  com- 
panions. 
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TypB  IV.  e.  A  aiugle  spot  of  irregular  outline  with  IiubII  companioiis  not  in  a 
train. 

Type  V.  An  irregular  gronp  of  larger  (pots. 

As  an  example,  tlie  process  of  formation  and  life-history  of  a  cmnpodte 
disturbance  which  croMed  the  solai  disc  five  times  during  the  period  Hay  14- 
September  i,  1887,  could  be  soccinctly  described  as  follows : 

I.  lib.  I  IV.  d.  IV.  a.  I IV.  a.  IV.  d.  IV.  a.  |IV.a.I.U.a.  |  I. 


$.  On  a  C/twip  Form  of  Micrometer  for  determining  Star  Po$itiotu  on 
Photograpltic  Plates.  By  H.  H.  Tobnbb,  M.A.,  F.S.S,,  Savilian 
Pro/euor. 

The  experience  of  those  who  have  been  workin;^  at  the  Astrofgraphie  Chart 
shows  that  for  meaauring  star  phatoffraphs  a  rHeau  is  practically  indiapensable. 
The  riieaux  made  bj  M.  Oautier  of  I'aris  may  be  treat«K}  as  sensibly  coirect  for 
nearly  all  purposes.  The  cost  is  between  21.  and  61.,  according  to  the  number  of 
Imes  ruled ;  aixl  this  initial  expense  is  in  any  esse  necessary.  But  since  a  photo- 
graphic  copy  is  often  as  good  as  the  original,  this  expense  might  be  shared 
between  two  or  three  worliers,  or  borne  by  some  society,  which  could  distribute 
copies  for  a  few  shilliDga  each  to  its  membera. 

Given  the  riteaa,  tbe  rest  of  the  micrometer  can  be  made  at  a  very  smsll 
expense  (sa^  Z0».  at  most)  with  wood,  glass,  and  paper.  Of  course,  some  conveni- 
ence is  sacrificed  and  a  little  sccuracy  lost.  The  micrometers  in  use  at  tbe  Cape  of 
Good  Hope  cost  160/.  apiece ;  the  duplex  micrometer  used  at  Greenwich  about 
100/. ;  even  the  simple  form  used  at  Oxford  costs  SOL  It  is  not  to  be  supposed 
that  nothing  is  gained  by  such  expenditure-  But  with  a  very  dmple  form  of 
instrument  such  as  that  exhibited,  which  s  man  could  mahe  for  himself  or  with  a 
little  asustance  from  any  carpenter,  excellent  work  can  be  done. 

Tbe  chief  part  of  tbe  instrument  is  the  microscope  with  scale  io  the  eye^ece. 
Uost  people  have  some  old  microscope  which  would  do  quite  well,  and  in  any  case 
a  cheap  one  is  all  that  is  necessary.  The  scale  in  the  eyepiece  can  be  made 
photographically,  drawing  the  scale  ou  a  large  sheet  of  cardboard  and  tSkldng  a 
miniature  photograph  of  it. 

Tbe  plate-holder  ie  merely  a  sheet  of  glass  on  which  the  plate  can  be  easily 
moved  backwards  and  forwards.  The  screws  required  for  slow  motion  and 
clamping  may  bo  ordinary  electrical  binding-screws  or  something  similar ;  the 
counterpoises  bags  of  shot ;  the  reflector  a  penny  mirror,  and  so  on. 

To  measure  photographs  which  have  no  riseau  already  impressed  upon  them, 
a  photographic  copy  of  a  riieau  ma^  he  bound  up  in  contact  with  tbe  plate  in  tiie 
msnoer  of  a  lantern  slide.  Attention  may,  however,  be  directed  to  a  method  of 
impresnng  the  riteaa  on  such  plates  which  have  been  already  developed  and 
fixed,'  due  to  U.  Bouiget,  of  the  Toulousa  Observatory. 


TUESDAT,  SBPTEXBES  11. 

The  following  Papers  were  read  :^ 

I.  Comparison  of  Prominence  and  Corona  Photographs  taken  al  Santa  Pdit, 
Spain,  and    iVade^boro,  in   North   Carolina,  during  the  Total  Solar 
Eclipse  of  May  28,  1900.     By  WillI4M  J.  S.  LoCKVBE,  J^.i*.,  PA.2). 
Tills  paper  consists  of  a  comparison  of  phot(^(raphs  taken  at  edipae  station!, 

■'^,000  miles  distant  from  each  other,  namely,  Santa  Pola  aod  Wtdeeboro. 
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It  vtis  found  Ibat  daring  the  two  aod  a  half  hours'  differetiGe  of  tim« 
between  the  times  of  totality  the  main  promineDCes  had  ehoDged  consideTably 
in  shape  and  form,  hut  the  polar  lifts  at  the  north  polar  region  did  not  undergo 
any  alteration. 

The  compariaon  has  further  led  the  author  to  advocato  the  employment  of 
long-focus  camerRB  for  mich  ectipse  work,  and  to  eliminate  the  neces^ty  of 
enlvgemBUt  afterwards. 

An  explanation  is  also  given  to  account  fdr  the  extreme  shaipness  of  the 
lunar  Ifanb  on  one  of  the  Inng-expoanre  photographs,  the  chief  aigument  employed 
being  the  very  rapid  diminution  of  intensity  of  the  corona  aa  the  outer  layers 
aie  reached. 


2.  Detcription  qf  the  JVeto  Pftotographie  Squatoriai  o/the  Catnhridge 
Obteroatory.     By  A.  B.  Hikes,  M.A. 


3.  Diagram  for  Planning  Obiervationa  of  Eros  at  tke  Oppo^tion  of 
1900-1.    By  A.  E.  Hinks,  M.A. 


4,  On  tome  Points  in  connection  icith  the  PJiotography  of  a 
Moving  Object.    By  W.  E.  Fluhueh. 

I  hsTS  recently  had  occasion  to  make  some  investigations  in  connection  with 
the  theory  of  Comet  1808, 1.  The  object  of  the  present  paper  is  not  to  call 
attention  to  the  form  of  the  orbit,  so  that  that  point  netrd  not  be  considered. 

Bat  in  the  coarse  of  the  examination  of  the  observations  I  was  led  to  com- 
pare a  series  of  placesof -the  comet  obtained  under  the  superintendence  of  the 
Astronomer  Royal,  by  means  of  photography  with  the  Thompson  Equatorial. 

There  is,  so  far  as  I  know,  no  series  of  equal  length  in  which  the  places  of  a 
moving  object  have  been  determined  by  phofflgraphy,  and  it  seemed  desirable  to 
investigate  the  peculiarities  with  some  care. 

The  series  extends  from  May  25  to  June  16,  1899,  during  which  time  the 
comet  passed  over  some  80"  of  R.  A.  and  30°  of  declination. 

It  is  not  usual  to  compere  the  final  elements  with  individual  observatiouB,  but 
only  with  the  normal  plHces.  The  photographed  plsces  havs  therefore  been  com- 
pared with  the  preliminary  orbit,  in  this  esse  an  hyperbola;  and  the  small  deviations, . 
which  are  removed  by  the  solution  of  the  Equations  of  Condition,  are  displayed  in 
the  comparison. 

But  for  the  purposes  of  the  present  investigation  it  is  suffiraant  to  remove 
these  discrepancies  by  any  convenient  interpolation  formula,  and  so  obtain  the 
deviations  of  the  observations  from  the  true  path  of  the  comet. 

When  this  is  effected  the  following  deviations  are  noticeable  :— 
da  COS  I  dl 


May2S 


-0-9 


-1-9 


The  probable  error  of  a  single  observstion,  derived  nmply  from  the  dissgreement 
from  the  mean,  is,  in  the  case  of  a,  ±  4"'10,  and  in  b,  ±  2"-85. 

There  seems  no  prima  facie  reason  why  the  right  ascension  coordinata  should 
not  be  determined  with  the  same  accuracy  h  the  declination  if  the  epoch  of 
obeervation  is  succeetfally  established. 
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The  declinatioiiB  in  the  esrl^  put  of  Ute  series  are  eminently  salisfacloiT ;  in 
that  put  the  motion  wu  T«r;  small  in  d.  Towards  the  end,  when  the  comet  was 
moving  quicker,  the  agreement  is  not  so  satisfactorj. 

The  right  ascenrion  varied  most  rapidly  at  the  beginning  of  the  series,  and 
the  agreement  would  have  been  more  satiafactoiy  throuwout,  though  man 
aoticeable  at  the  beginning,  if  the  epoch  of  obaervation  had  been  some  eeconds 
later.  ' 

It  is  a  veiy  difficult  matter  to  determine  the  proper  time  6t  expomre,  since  the 
first  few  seconds  in  the  photograph  of  a  faint  object  do  not  seem  to  be  used  in  the 
bhichenbg  of  the  film. 

The  importance  of  this  point  in  the  photogmphs  of  Eros  recommended  hj  the 
International  Comity  de  la  Carte  du  Ciel  wUl  not  escape  the  ettention  of 
astronomers. 

There  is  another  point :  how  do  these  observations  compare  with  those  made 
micrometiicaU;  in  a  tvpical  observatoiyP  To  illustrate  this  I  select  that  of 
Strassburg,  where  the  ot^rvatlons  are  of  unusual  ezcellence,  and  where  the  focal 
length  of  the  instrument  is  fairly  companible  with  that  of  Ibe  Greenwich  tele- 
scope. The  series  of  Strassburg  within  the  aime  dates,  and  over  which  the  same 
interpolation  formula  is  available,  is  not  quite  bo  long,  but  fairly  comparable.  The 
Greenwich  places  rest  in  every  case,  it  is  believed,  on  the  positions  of  three  Htars, 
the  StrtiBSburg  never  on  more  than  two,  end  sometimps  on  a  single  comparison. 
The  error   in   the  star's   place   is   therefore   more   effective.     The  errors   are  *■ 


The  probable  error  of  a  single  observation  here 

±2"B8and  tl"-01 
which  is  less  than  that  of  the  Greenwich  obaervation  in  approximately  the  pro- 
portion of  3  to  2. 

Pending  further  experiments,  which  I  believe  am  to  be  carried  out  by  photo- 
graphic experts  at  the  Paris  Observatory,  the  importance  of  this  comparison  in 
the  matter  of  the  Eros  observations  will  not  he  left  out  of  siffht. 


5,  On  Needle-hole  Majmfor  Meteor  Obtervation. 
By  J.  C.  W.  Herschel. 

1.  For  an  oHg'mal  map  the  stars  are  plotted  out  on  squared  millimetre  paper 
to  the  scale  of  1  dm  -  46°  by  Professor  Turner's  formula,'  primarily  devised  for  the 
plates  of  the  Astrographic  Chart. 

As  a  check  there  is  used 

f  cot  (a  -  A)  -  sm  P  -  n  cos  P.* 

2.  The  papff /or  the  copif I  ia  aiij-hlixe  on  one  side  and  white  oa  the  other,  on 
which  the  meteors' paths  and  descriptions  are  written. 

The  needles  used  are  the  ordinary  commercial  needles  JToa.  2-12  for  magnituto 
I'S  to  40  by  steps  of  quarter  msgnitudes.  No.  12  is  also  used  for  all  stars  below 
4*0,  and  an  extra  large  needle  for  superior  stars.  The  points  are  ground  flat  and 
the  needles  set  in  handlea.    The  holes  made  ore  round  and  clean. 

'  ifanaij,  Naticet,  H.A.S.,  189*.  vol.  liv.,  November. 

'  For  a-A^SQ",  when  tbe  formula  is  Indeterminate,  (=       ^- 
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S«piesentiag  light  as  area,  these  stars  approxim&ta  Tory  happily  to  steps  of 
quarter  magnitudes. 

Half-a-dozen  sheets  are  laid,  blue  side  down,  on  a  sheet  of  lead,  the  ori^al 
map  laid  over  them,  and  the  stars  punched  through  with  the  proper-sized  needles. 

3,  At  night  a  copy  is  laid  on  a  writing-desk  with  a  sloping  ground  glass  top, 
and  illuminated  with  a  night  light,  which  also  keeps  them  dry. 

The  meteor  track  (when  observed)  is  marked  m  pencil  along  a  celluloid  ruler 
with  a  blackened  bevel-edge,  which,  being  transparent,  does  not  hide  the 
Gontiguration  of  the  stars  on  the  map. 

4.  Obeermng.  After  comparing  my  watch  with  Qreeuwich  time,  I  sit  back  in  a 
hammock  chnir  with  the  illuminated  map  beside  me,  a  pencil  and  ruler  bandy.  I  find 
I  can  hold  my  eye  far  more  steadily  ou  the  meteor's  place  than  a  wand  held  in  the 
hand,  which  I  therefore  do  nox  use.  I  cannot  usefully  extend  my  field  beyond  46° 
on  either  side  of  the  point  facing  me,  except  for  bright  metaors.  I  let  my  eyes 
continually  rove  about,  and  when  a.  meteor  appears  I  fasten  on  it  at  ouce,  and 
all  the  stars  fade  out ;  but  only  for  an  instant  during  which  I  am  free  to  observe 
the  mngnttudt,  colour,  tpeed,  and  ttreak.  Prusently  the  nearest  stars  begin  to 
glimmer  out  again  and  set  themselves  as  a  framework  round  the  jilace  of  the 
meteor.  But  I  do  not  look  away  at  them  till  I  have  thoroughly  impressed  a 
mental  picture  of  the  meteor  as  part  of  the  scene  before  me.  Whilst  doing  so  I 
estimate  its  duration.  But  the  most  important  thing  is  the  direction.  I  follow 
its  line  cautiously  backwards  and  forwards,  prolonging  it  until  I  find  suitable 
reference  stars :  either,  that  the  line  lies  over  a  star — or  passes  a  degree  or  two 
from  it — or  cuts  the  distance  between  two  stsrs  in  a  certam  proportion.  Thus  1 
get  two  reference  points  some  ten  or  twenty  degrees  apart,  liext  I  define  to 
myself  the  ^^A  of  path  as  starting  and  ending  on  the  line  joining  two  stars,  or  so 
many  degrees  before  or  after  that  line. 

Betuming  to  the  estimstion  of  duration,  I  use  ProfesMir  Herschere  excellent 
method  of  repeating  the  alphabet  over  at  the  rate  of  five  letters  to  the  second, 
leaving  out  W — the  only  letter  not  monosyllabic 

Now  I  look  at  my  watch  and  note  the  (i?ns  of  appeeranee. 

As  to  the  advisability  of  using  maps  at  all,  if  the  observer  knows  the  stars  by 
heart  in  configuration  and  by  name,  he  may  very  well  dispense  with  maps,  &c., 
describing  the  meteor  and  defining  its  position  in  words  in  a  notebook  in  the  dark, 
while  still  looking  at  the  star  lest  he  miss  another  meteor.  But  not  many  have 
Bucli  knowledge :  and  the  conciseness  of  the  record  ^a  single  line  ou  the  map — 
recommends  itself  compared  with  a  description  needing  many  words.  To  look  awsy 
from  the  sl^,  down  on  the  map,  is  a  relief  to  the  eye— at  the  cost,  it  ia  true,  of 
possibly  losing  a  meteor,  though  it  must  be  difficult  to  go  on  writing  down  the 
description  of  one  meteor  while  studying  anolher. 

liooking  down  therefore  on  the  map,  I  set  the  transparent  ruler  to  the  best  of 
my  judgment,  guiding  myself  by  the  reference  points  I  have  decided  upon,  and  run 
a  pencil  along  for  the  length  of  path,  finishing  with  a  half  arrow-head  to  show 
the  direction,  and  write  the  time  alongside,  and  the  description  at  the  edge  of  tbe 
map ;  taking  the  lino  back  also  lightly  towards  the  radiant.  It  is  astonishing 
how  alight  a  shift  satisfies  or  dissatisfies  one,  but  it  is  worse  than  useless  to  look 
up  agun  at  the  sky. 

Next  day  the  end  points  of  the  paths  are  read  oif  for  tabulation  through  a 
'spider  web'  of  R.A.  and  Decl.  lines  on  tracing  cloth  laid  over  the  map. 


G.  Stationary  Miteor  Radiants.    Sy  G.  C.  Bompab,  F.R.A.S. 


1.  Cosmic  Svolttlion.    By  Prof.  A.  W.  Bicrertdit. 

n,g-,-ccT:G00glc 


8,  Duration  o/ Totality  of  the  Solar  EelipH  of  May  28j  1900. 
By  C.  T.  Whitmell. 
The  Paper  included  the  following  table ;— 


No. 

Loc&Iit; 
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7 
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8 
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30 
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Hotel 
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10 

M^tiron 

3  16  „ 

3G  18  „ 

710 

11 
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ville 

3  3S  „ 

3fi43  „ 

71-0 

9.  Duratimi  ofAnnulavity  in  a  Solar  Sclipte. 
Sy  C.  T.  Whitwell,  H.A.,  B.Sc. 


10.  On  the  Connection  hettceen  Latitude-variation  and  Terrtilrial 
Magnetiem.     By  J.  Halm. 
The  following  propoeitions  were  advanced : — 

I.  The  changes  in  tbe  motion  of  the  pole  of  rotation  of  the  eartb  round  tha 
pole  of  figure  are  in  intimate  connection  with  the  Tahations  of  the  earth-magoetie 

II.  Tnumuch  as  the  latter  phenomena  are  in  a  close  relation  with  the  atate  ot 
•olar  activity,  the  motion  of  the  pole  is  also  indirectly  dependent  on  the  djnamical 
chanEea  takuig  place  at  the  eua't  surface. 

III.  The  distance  between  the  instantaneous  and  mean  poka  decreaHS  with 
increasing  intensity  of  earth-magnetic  disturbance. 

IV.  The  length  of  the  period  of  latitude  variation  increaaes  witli  increaiiog 
intensity  of  earth-magnetic  disturbance. 

V.  In  Htnct  analogy  with  tbe  phenomena  of  aiirom  and  of  magnetic  disturb- 
ance, the  influence  of  the  eleven  years'  period  of  sun-apote,  as  well  as  of  tiie 
'  great '  period,  is  clearly  exhibited  in  the  phenomenon  of  latitude-variation ;  and 
the  aame  deflations  from  the  solar  curve  aa  are  manifested  by  the  aurom  are  alao 
evident  in  the  motion  of  the  pole, 

VI.  Thu  half-yearly  period  of  the  earth-magnetic  phenomena  inflnaneee  tb« 
motion  of  the  pole  oi  rotation  in  euch  a  way  that  ita  path,  instead  of  bung  circaUr, 
atsumes  the  form  of  an  ellipse,  having  tbe  mean  pole  at  ita  centre. 

VII.  The  half-yearly  period  also  ezplaina  the  conspicuous  fact  of  a  rotatioD  df 
the  axes  of  the  elhpse  in  a  direction  opposite  to  that  of  the  motion  of  the  polN 


•nussacaosa  of  sECnoif  b. 


Sectiox  B— chemistry. 
Fbesidbki  of  ihb  Sbctiom.— Profeasor  W.  H.  Pbbkin,  Jan.,  Ph.D.,  F.E 


TRURSDAT,  SEPTSHBER  6. 

Tbe  Preudent  Oelivered  the  following  Address  :— 

Tke  Modern  System  of  Teaching  Practical  Inorganic  Chemistry 
and  ilg  Development. 

In  choosinic  for  tbe  subject  of  my  Address  to-dny  the  develupiaent  of  tbe  teaching 
of  pncticsl  inorgtmic  chemistr;  I  do  so,  not  only  on  flccnunt  of  the  great  import- 
ance of  the  subject,  but  also  because  it  does  Dot  appear  that  this  mutter  has  been 
broDgbt  before  this  Section,  id  tbe  President's  Address  at  all  events,  during  the 
last  few  years. 

In  dealing  generally  with  the  subject  of  tbe  teaching  of  chemistry  as  a  branch 
of  science  it  may  be  well  in  the  first  place  to  consider  the  value  of  such  teaching  aa 
a  means  of  general  education,  and  to  turn  our  atteutiou  for  a  few  minutes  to  thv 
development  of  the  teacbinf;  of  science  in  schools. 

There  can  be  no  doubt  that  there  has  been  great  proj^ress  in  tbe  teaching  of 
science  in  schools  during  the  last  forty  years,  and  this  is  very  evident  from  the 
perusal  of  the  essay,  entitled  '  Education :  Intellectual,  Moral,  and  PbysicBl,* 
which  Herbert  Spencer  v^rote  in  1850.  Alter  giving  his  reasons  for  considering 
the  study  of  science  of  primary  importance  in  education,  Herbert  Spencer  con- 
tinues: 'While  what  we  call  civilisation  could  never  have  arisen  had  it  not 
been  for  science,  science  forms  scarcely  an  appreciable  element  in  our  so^alled 
dvilised  truning.' 

From  this  it  is  apparent  that  science  was  not  taught  to  any  appreciable  extent 
in  echools  at  that  date,  though  doubtless  in  some  few  schools  occasional  lectnres 
were  given  OD  such  scientific  subjects  as  physiology,  anatomy,  astronomy,  and 
mechanics. 

Herbert  Spencer's  pamphlet  appears  to  have  hod  only  a  very  gradual  effect 
towards  tbe  introduction  of  science  into  fcbemee  of  education.  FVir  many  years 
chemical  instruction  was  imly  given  in  schools  at  the  schoolroom  desk,  or  at  the 
beet  from  the  lecture  table,  and  many  of  the  most  modem  of  schools  had  no 
laboratories. 

The  first  school  to  pive  any  practical  instruction  in  chemistry  was  apparently 
the  City  of  London  School,  at  which,  in  the  year  1847,  Mr.  Hnll  was  appointed 
teacher  of  chemistry,  and  there  he  continued  to  teach  until  18d9.*  Beudel 
the  lecture  theatre  and  a  room  for  storing  apparatus,  Mr.  Hall's  department 

'  Mr.  A.  T.  Pollard,  M.A.,  Head  Maater  of  the  City  of  London  School,  has  kindly 
Ins^tuted  a  search  among  thebonnd  oopiea  of  the  boys'  terminal  reports,  and  informs 
me  that  in  the  School  form  of  Terminal  Keport  a  heading  for  Chemistry  was  Intro- 
dooed  la  the  year  1817,  the  year  of  Mr.  Hall  e  appointment. 
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contained  a  lon^  room,  or  mtber  poaBfwe,  leading  iuto  the  lecture  tteatre,  ttii 
closed  It  each  end  with  tflasB  doors,  la  this  room,  which  wu  fitted  up  as  a 
labomtor;,  and  used  principallj  as  a.  preparation  room  for  the  lectures,  Mr.  Hall 
performed  experimeDts  with  the  few  boys  who  asBieted  him  with  his  lectures.  As 
accommodation  was  at  that  time  etrietly  limited,  he  used  U>  surgeat  simple 
experiments  and  encourage  the  bojs  to  cany  them  out  at  home,  and  afterwards 
he  himself  would  examine  the  substances  which  thej  had  made. 

From  this  small  beginning  the  toachinz  of  chemistry  in  the  City  of  London 
School  rapidly  developed,  and  this  schod  now  posseeses  laboratories  which 
compare  faTourably  with  those  of  any  school  in  the  country. 

The  Manchester  Qrammar  School  appears  to  have  been  one  of  the  first  to  teach 
prsctical  chemistry.  In  connection  with  this  school  a  small  laboratory  was  built 
in  1868 :  this  was  replaced  by  a  larger  one  in  1872,  and  the  present  larg«  labora- 
tories, under  the  charge  of  Mr.  Francis  Jones,  were  opened  in  1880. 

Dr.  Marsball  Watts,  who  was  the  first  science  master  in  this  school,  t«ught 
practical  chemistry  along  with  the  theoretical  work  from  the  commencement  in 

As  laboTBtories  were  gradually  multiplied  it  might  be  supposed  that  boys  were 
(liTen  the  opportunity  to  carry  out  experiments  which  had  a  close  connectioD  with 
their  lecture-room  courses.  But  the  prograoime  of  laboratory  work  which  became 
all  but  universal  was  the  preparation  of  a  few  gases,  followed  by  the  practice  of 
qualitative  analjsie.  The  course  adopted  seems  to  have  been  largely  built  up  on 
the  best  books  of  practical  chemistry  in  use  in  the  colleges  at  that  time ;  but  it  was 
also,  no  doubt,  largely  influenced  by  the  requirements  of  the  syllabus  of  the 
Science  and  Art  Department,  which  contained  a  scheme  for  teaching  practical 
chemistry.'  Even  down  to  quite  recent  times  it  was  in  man^  echoou  still  not 
conudered  essential  that  boys  should  have  practical  instruction  in  connection  with 
lectures  in  chemistry. 

A  Report  issued  in  1807  by  a  special  Committee  appointed  by  the  Technical 
Education  Board  of  the  London  County  Council  adduces  evidence  of  this  from 
twenty-five  secondary  schools  in  London,  in  which  there  were  3,960  bovs  learning 
chemistry.    Of  these  1,608  boys,  or  43  per  cent.,  did  no  practical  work  whatever; 

'  I  find  on  Inquiry  at  the  Board  of  Education  that  practical  work  in  qualitative 
analysis  formed  part  of  the  examinations  for  Teachers'  certificates  in  inorganic 
chemistry  which  were  held  at  South  Kensington  »nnnal]y  in  Kovember  from  1859 
to  1866  inclusive.  A  syllahns  tor  this  examination  was  published  in  the  Scienra 
JHreetory  for  1859,  the  following  portion  of  which  relates  to  practical  work: — 
'  Ootllnes  of  Qualitative  Analysis.  Reactiona  of  the  principal  mineral  acids  and 
bases.  Course  parsned  in  the  application  of  these  reactions  to  the  analysis  of  a 
mixture  of  several  acids  and  bases.'  Three  questions  were  set  involving  die  qfuali- 
tative  analysis  of  (1)  a  mixture  of  two  acids  tmd  two  t>ases  soluble  in  water  or 
acids;  (2)  a  mixture  of  two  acids  and  two  bases  pnrtlyoreniirelyinsoluble  in  water 
and  odds;  (3)  more  complicated  mixtures.  The  candidates  for  these  certificates 
were  not  examined  in  practical  organic  chemistry. 

The  first  practical  examination  in  chemistry  for  students  was  held  b;  Uie  Board 
in  1878,  in  the  Advanced  Stage  and  Honours  only  of  inorganic  cbemistiy,  the  analysis 
of  simple  salts  being  prescribed  in  the  former,  ajid  of  complex  mixtures  in  the  latter 
eiamination.  Previously  to  this,  however,  special  extra  payments  had  been  made  on 
the  results  of  instructicn  in  practical  chemistry,  and  queslions  dealing  with  labora- 
tory practice  were  set  in  the  ordiiiary  written  examirations  in  chemistry,  and  were 
*  as  far  as  possible  so  framed  as  to  prevent  auswers  being  given  by  pupils  who  hod 
obtained  their  information  merely  from  books  and  oral  instruction.'  The  Inspector, 
however,  when  visiting  the  schools  might  call  upon  any  students  who  were  to  be 
presented  for  these  special  grants  to  perform  eiperiroents  in  his  presence.  This 
system  was  continued  in  the  elementary  stage  of  inorganic  chemistry  till  1SS2. 

In  1B78  the  syllabus  for  organic  chemistry  extended  these  two  methods  of 
practical  examination  to  that  branch  of  the  snl^ect.  In  the  syllabus  published  in 
1 883  the  present  division  in  all  stages  of  both  organic  and  inorganic  chemistty  Into 
distinct  theoretical  and  practical  examinations  was  commenced, 
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066  'oojs,  01  24  per  cent.,  did  practical  work,  cnnaisting  of  a  certain  amount  of 
preparBtion  of  gases,  together  with  qualitfttive  analjais;  but  of  tliese  latter  743, 
or  77  per  cent,  had  Dot  reached  the  study  of  the  inetals  in  their  theoretical  worlc, 
K>  that  their  teatiDg  work  can  have  been  of  little  educational  value.  It  was  ateo 
found  that  in  tlie  case  of  666,  or  68  per  cent,  of  the  total  number  of  boys  taking 
practical  work,  the  first  introduction  to  practical  chemistry  was  through  quali- 
tative analysis. 

But  some  years  before  this  Report  was  issued  a  movement  had  begun  wliicb 
was  destined  to  have  a  far-renchiDg  effect.  A  Report '  on  the  best  means  for  pro- 
moting ScientiRc  Education  in  Schools'  having  been  presented  to  the  Dundee 
Meeting  of  this  Association  in  1^67,  and  published  in  1866,  a  Committee  of  the 
British  Association  was  appointed  in  1887  '  for  the  ptlrpose  of  inquiring  and 
reporting  upon  the  present  methods  of  teochin)^  chemiatr;.'  The  well-known 
Report  which  this  Committee  presented  to  the  Newcastle  Meeting  in  1889  insisted 
that  it  was  worth  while  to  teach  chemistry  in  scbooU,  not  so  much  for  the  nseful- 
ness  of  the  information  imparted  as  for  the  Hpecial  mental  discipline  it  afforded  if 
the  scientific  method  of  inves  tigs  tine-  nature  were  employed.  It  was  argued  that 
■  learners  should  be  put  in  the  attitude  of  discoverers,  snd  led  to  make  observations, 
experiments,  and  inferences  for  themselves.'  And  since  there  can  be  little  progreea 
without  measurement,  it  was  pointed  out  that  the  experimental  work  would 
necessarily  be  largely  of  a  quantitative  character. 

Profeasor  H.  E.  Armstrong,  in  a  paper  read  at  a  conference  at  the  Health 
Exhibition  five  years  before  thix,  had  foreshadowed  much  that  was  in  this  Report. 
He  also  drew  up  a  detailed  sdieme  for  'a  course  of  elementary  instruction  in 
physical  science,  which  was  included  in  the  Report  of  the  Committee,  and  it 
caiuiot  be  doubted  that  this  scheme  and  the  labours  of  the  Committee  have  had 
a  very  marked  influence  on  the  development  of  the  teaching  of  practical  chemistry 
in  schools.  That  tliis  influence  has  been  great  will  be  admitted  when  it  is  under- 
stood that  schemes  bnsed  on  the  recommendation  of  the  Committee  are  now 
included  in  the  codes  for  both  Elementary  Day  Schools  and  Evening  Continuation 
Schools.  The  recent  syllabuses  for  elementary  and  advanced  courses  issued  by  the 
Incorporated  Association  of  Headmasters  and  by  the  Oxford  and  Cambridge  local 
boards  and  others  are  evidently  directly  inspired  by  the  ideas  set  forth  by  the 
Committee. 

The  Department  of  Science  and  Art  has  also  adopted  some  of  the  sugges- 
tions of  the  Committee,  and  a  revised  syllabus  was  issued  by  the  Department  in 
1896,  in  which  qualitative  ana1j|Bis  is  replaced  by  quantitative  experiments  of  a 
simple  form,  and  by  other  exercises  so  framed  '  as  to  prevent  answers  being  given 
by  students  who  have  obtained  their  information  from  books  or  oral  instruction.* 
'This  was  a  very  conoderable  advance,  but  it  must  be  admitted  that  there  is 
nothing  in  the  syllabus  which  encourages,  or  even  suggests,  placing  the  learners  in 
the  attitude  of  discoverers,  and  this,  in  the  opinion  of  the  Committee  of  this 
Association,  is  vital  if  the  teaching  is  to  have  educational  value. 

Many  criticisms  have  been  passed  upon  the  1889  Report.  It  has  been  raid 
that  life  is  much  too  short  to  allow  of  each  individual  advancing  from  the  known 
to  the  unknown,  according  to  scientiGc  methods,  and  that  even  were  tliis  not  to 
too  severe  a  tax  is  made  upon  the  powers  of  boys  and  girls.  In  answer  to  the 
second  point  it  will  be  conceded  that  while  it  is  doubtlera  futile  tu  try  to  teach 
chemistry  to  young  children,  on  the  other  hand  experience  has  abundantly  showQ 
that  the  average  schoolboy  of  fourteen  or  fifteen  can,  with  much  sviccess,  inveatipate 
such  problems  as  were  studied  in  the  researches  of  Blsck  and  Sclieele,  of  I'riestley 
and  Cavendish  and  Lavoisier,  and  it  ia  quite  remarkable  with  what  interest  such 
young  students  carry  out  this  class  of  work. 

It  may  be  well  to  quote  the  words  which  Sir  Hichscl  Foster  used  in  this 
connection  in  bis  admirable  Presidential  Address  to  this  Aesociation  in  1899.  He 
(aid :  '  The  learner  may  be  led  to  old  truths,  even  the  oldest,  in  more  ways  than 
one.  He  may  be  brought  abruptly  to  a  truth  in  its  finished  form,  coming  etroieht 
to  it  like  a  thief  climbing  over  a  wall ;  and  the  hurry  and  press  of  modem  life 
tempt  many  to  adopt  this  quicker  way.    Or  he  may  be  inore  slowly  guided  along 
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the  pittli  bj  which  the  truth  wu  reachsd  hj  him  who  firat  lud  ha\i  of  it.  It  tl  bf 
this  latter  way  of  learning  the  truth,  and  by  this  alone,  that  the  learner  may  hc^ 
to  catch  somethinf^  at  least  of  the  spirit  of  the  scientific  inquirer.' 

I  believe  that  in  the  detenu  in  ation  of  a  suitable  acbool  course  in  experimentil 
science  this  prindple  of  historical  development  ia  a  very  valuable  guide,  althoDgli 
it  is  not  laid  down  in  the  1669  Report  of  the  British  Association. 

The  application  of  this  principle  will  lead  to  the  study  of  the  solvent  action  of 
water,  of  crystallisation,  and  of  the  separation  of  mizturea  of  eolida  before  the 
iDvestigstiiin  of  the  composition  of  water,  and  also  before  the  iDvestigaiion  of  the 

anomena  of  combustion.  It  will  lead  to  the  investigation  of  hydrochloric  add 
3re  chlorine,  and  especially  to  tbe  postponement  of  atamic  and  moleculir 
theories,  chemical  equstions,  and  the  laws  of  chemical  combination,  until  the 
Mtudent  has  really  sufficient  knowledge  to  understand  how  these  theories  came  to 


There  can  be  no  doubt  that  this  new  svatero  of  teaching  chemiatr;  in  (cbools 
bas  been  most  successful.  Teachers  are  delighted  with  tbe  reeutts  which  have 
already  been  obtNned,  and  those  whom  t  have  bed  the  opportuni^  of  consultijigi 
directly  and  indirectly,  cannot  speak  too  highly  of  thdr  satisfaction  at  the  di> 
appearauce  of  tbe  old  system  of  qualitative  analyms,  and  tbe  institution  of  tbe  now 
order  of  things.  Especially  I  may  mention  in  this  connection  the  excellent  work 
which  is  being  carriea  on  under  the  supervision  of  Dr.  Bevan  Lean  at  the  Fiiendi' 
School  in  Ackworth,  -where  the  boys  have  attained  results  which  are  far  in  advance 
of  anything  which  would  have  been  thought  possible  a  few  years  since. 

It  is,  of  course,  obvious  that  if  a  schoolboy  iy  made  to  take  the  attitude  of 
a  discoverer  his  progress  may  appear  to  be  slow.  But  does  this  matter  P  Meet 
boys  will  not  become  professioual  chemists  ;  hut  if  while  at  school  a  boyleatna 
bow  to  learn,  and  how  to  '  make  knowledge ' '  by  working  out  for  himselr  a  few 
problems,  a  habit  of  mind  will  be  formed  which  will  enable  him  in  future 
yean  to  look  in  a  acientiQc  spirit  at  any  new  problems  which  may  &ce  bim. 
When  school-days  are  past  tbe  details  of  tbe  preparation  of  hydrogen  may  have 
been  forgotten ;  but  if  it  was  really  understood  at  the  time  that  it  could  not  ba 
decided  at  once  whether  the  gas  was  derived  from  the  acid  or  fnim  the  metal,  or 
from  tbe  water,  or  in  part  from  tbe  one  and  in  part  from  the  other,  an  attitude 
of  scep^cism  and  of  suspended  judgment  will  bare  been  formed,  which  will 
continue  to  guard  from  error. 

In  the  new  system  of  teactuag  chemistry  in  schools  much  attention  must 
necessarily  be  given  to  weigbts  and  measurements ;  indeed,  the  work  mnsi  be 
largely  of  a  quantitative  kind,  and  it  is  in  this  connection  that  an  important  nets 
of  warning  has  been  sounded  by  several  teachers.'  They  consider,  very  rightly, 
that  it  is  important  to  point  out  clearly  to  tbe  scholar  that  edence  does  not  consist 
of  measurement,  but  that  measurement  is  only  a  tool  in  the  hand  of  the  in- 
quirer, and  tbat  when  once  sufficient  skill  has  been  developed  in  its  ose  it  should 
be  employed  only  with  a  distinct  object.  Messurementa  should,  in  fact,  be  made 
only  in  reference  to  some  actual  proUem  which  appears  to  be  really  worUi  solving, 
not  in  the  accumulation  of  aimless  details. 

And,  of  course,  all  Tesearch  carried  out  must  be  genuine  and  not  sham,  and 
all  assumption  of  tbe  '  obvious '  must  be  moat  carefully  guarded  agunsL  But  tbe 
young  scholar  must,  at  the  same  time,  not  forget  that  although  the  acientiSe 
method  is  necessary  to  enable  him  to  arrive  at  a  result,  in  real  life  it  ia  the 
answer  to  the  problem  which  is  of  tbe  most  importance.' 

Although,  then,  tbere  bas  been  so  much  discnsuou,  during  the  last  ten  yean^ 
on  tbe  subject  of  teaching  chemistry  in  schools,  and  such  steady  prooress  has  been 
made  towards  devismg  a  resJly  satisfactory  system  of  teaching  the  subject  to  yonnK 
boys  and  girls,  it  is  certainly  very  remarkable  that  practictilly  nothmg  has  bees 

'  Cf.  Professor  J.  G.  Macgregorin  A'ature,  September  18B9. 

■  (Y.  H.  Ficton  in  2^0  AAmflTorld,  November  1899;  Bevan  Leon,  iiti.,FabniBiy 
1890. 
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•aid  or  written  bearini^  on  the  tniniog  which  &  student  who  wishes  to  becoma  * 
chemist  is  to  undertake  at  the  close  of  hia  iichool-dHjB  at  the  oollega  ot  uniTereitj 
in  which  hta  education  is  continued. 

One  of  the  mDStremfiTksblepoiats,tanijmind,iQ  conDectionwith  the  teaching 
of  chemi£ti7  is  the  fact  that  although  the  sdence  has  been  advaDcing  jeAr  bj  jear 
with  such  unexampled  rapiditj,  the  eourae  of  training  which  the  student  goes 
through  during  his  first  two  years  st  most  colleges  is  still  practic&Uy  the  same  ns 
it  was  thirty  or  forty  jesrs  ago.  Then,  as  now,  after  preparing  a  few  of  the 
principal  gases,  the  student  devotes  the  bulk  of  hia  first  year  to  q^ualitatiTe  analjus 
ID  the  dry  and  wet  way,  snd  hia  second  year  to  quantitative  analysis,  and, 
although  the  methods  employed  in  teachbg  the  latter  may  possibl;  have  under- 
gone  some  slight  modification,  there  is  certainly  no  great  difference  between  the 
routine  of  simpte  salt  and  mixture  practised  at  the  present  day  and  that  which 
was  in  vogue  in  the  days  of  our  fathers  and  grandfatbera. 

Since,  then,  the  present  ayatem  has  held  the  Geld  for  so  long,  not  only  in  this 
country  hut  also  on  the  Continent,  it  is  worth  while  considering  whether  it  affords 
the  heat  training  which  a  student  who  wishes  to  l}ecoine  a  chemist  can  undergo  in 
the  short  time  during  which  he  can  attend  at  a  college  or  university.  In  con- 
sidering this  matter  I  was  led  in  the  first  place  to  carefully  ei amine  old  books 
and  other  records,  with  the  object  of  finding  out  how  the  present  system  originated, 
and  I  think  that  Tsluahle  and  interesting  information  bearing  on  the  subject  may 
be  obtained  from  a  very  brief  sketch  of  the  rise  and  development  of  the  present 
•ystem  of  teaching  chemistry,  and  especially  in  so  far  as  it  beara  on  tiie  inclusion 
of  qualitative  analysis.  Unfortauately,  it  is  not  so  easy  to  gain  a  good  historical 
acquaintance  with  the  matter  as  I  at  first  imagined  would  be  tbe  case,  and  this  is 
due  in  a  large  measure  to  the  fact  that  so  few  of  tbe  laboratories  which  took  an 
active  part  in  the  development  of  the  present  system  of  chemical  training  have 
left  any  record  of  the  methods  which  they  employed.  In  this  connection  I  may, 
perhaps,  he  allowed  to  suggest  that  it  would  be  a  valuable  help  to  the  future 
historian  if  all  prominent  teachers  of  chemistry  would  leave  behind  them  a  brief 
record  of  the  system  of  teaching  adopted  in  their  laboratories,abowiog  the  changes 
which  they  had  institnted,  tbe  object  of  these  changes,  and  the  results  which 
followed  their  adoption. 

There  is  no  doubt  that  the  progress  of  practical  ehemistiy  went  largely  hand 
in  hand  with  the  progress  of  theoretical  chemistry,  for  as  the  latter  gradually 
developed,  so  the  necessity  for  the  determination  of  the  composition,  Srst  of  the 
bast  known,  and  then  of  the  rarer  minerals  and  other  substances,  became  more  and 
more  marked. 

The  analytical  examination  of  substances  in  the  dry  way  was  employed  in  rery 
early  limes  in  connection  with  metallurfpcal  operations,  and  especially  in  the 
determination  of  the  presence  of  valuable  constituents  in  samples  of  minerals. 
Cupellation  was  used  by  tbe  Greeks  in  the  separation  of  gold  and  silver  from  their 
ore*  and  in  the  purification  of  these  metals.  Geber  knew  that  the  addition  of 
Ditie  to  the  ore  facilitated  the  separation  of  gold  and  silver,  and  snbaequently 
Glauber  (1604^1668)  called  attention  to  the  fact  that  many  commonfli  metals  could 
MsUy  be  separated  from  their  ores  with  the  aid  of  nitre. 

Sot  it  was  not  till  the  eightaenth  century  that  any  marked  pn^reas  was  made 
in  an^yus  in  tbe  dry  way,  and  the  prcvress  which  then  became  rapid  was 
nndoubtedly  due  to  tHe  discovery  of  the  blowpipe,  and  to  tbe  introduction  of  its 
use  into  analytical  operations,  The  blowpipe  is  mentioned  for  the  first  time  in 
1600,  in  the  transactions  of  the  Accademia  del  Cimento  of  Florence,  but  the*  first 
to  recommend  i\a  use  in  chemical  operations  was  Johann  Andreas  Cramer  in 
1739.  Tbe  progress  of  blowpipe  analysis  was  largely  due  to  Qahn  (1746> 
1818),  who  apent  much  time  in  perfecting  its  use  in  the  examination  of  minerals, 
and  it  was  he  who  first  used  platinum  wire  and  cobalt  solution  in  connection  with 
Uowplpe  analysis.  The  methods  employed  by  Gahn  were  further  developed  by 
hia  friend  Benelius  (1779-1848),  who  gave  much  attention  to  the  matter,  and  who 
with  great  skill  and  patience  gradually  worked  out  a  complete  scheme  of  blowpipe 
•nalyris,  and  published  it  in  a  pamphlet,  entitled  '  Ueber  die  Anwoodung  ddf 
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Lothrobn,'  -wUcb  ftppeitrel  in  1820.  After  the  publication  of  this  work  blawjupe 
Kiial7««  r^pidlj  came  into  general  lue  in  England,  France,  and  GermuiT,  and  wm 
tchemo  dsTiBed  bj  Berzeliiu  is  essentially  tfaJat  omployed  at  the  present  day. 

Indeed,  the  only  notable  additions  to  the  tnethw^  of  analysis  in  tbe  dry  way 
unce  the  time  of  Berzelius  are  the  development  of  flame  reactions,  which  Bunsea 
worked  out  with  such  characCemtic  skill  and  ingenuity,  and  the  introduction  of  the 
spectroscope. 

The  necessity  for  some  process  other  than  that  of  analysis  in  the  dry  way 
seems,  in  the  first  instance,  to  have  arisen  in  quite  early  times  in  connection  with 
the  examination  of  drugs,  not  only  on  account  of  the  necessity  for  discovering 
their  constituents,  but  also  as  a  means  of  determining  whether  they  were  adul- 
terated. In  such  cases  analysis  in  tbe  dry  way  was  obviously  unsuitable,  and  ex- 
perience soon  showed  that  the  only  way  to  arrive  at  the  desired  result  was  to 
treat  the  substance  under  examination  with  aqueous  solutions  of  definite  aub- 
Stancea,  tbe  first  reagent  apparently  being  a  decoction  of  gallnuts,  which  is 
described  by   Pliny  as   being   emplnjed  in  detecting  adulteration  with  green 

The  progress  made  in  connection  with  wet  analyos  was,  however,  exceedingly 

alow,  largely  owin^  to  the  lack  of  reagents;  but  as  these  were  gradually  diacoverea 
wet  ana^sis  rapidly  developed,  especially  in  the  hands  of  Tachenius,  Scheele, 
Boyle,  Hoffman,  Margraf,  and  Bergmann.  Boyle  (^10^6-1691)  especially  had  an 
extensive  knowledge  of  reagents  and  their  application ;  and,  indeed,  it  was  Boyle 
who  fir^t  introduced  the  word  '  analysis'  for  tuoK  operations  by  which  substances 
may  be  recognised  in  the  presence  of  one  another.  Ttoyle  knew  how  to  test  for 
silver  with  hydrochloric  acid,  for  calcium  salts  with  sulphuric  acid,  and  for  copper 
1^  the  blue  solution  produced  by  ammonia. 

Ma^ftf  (1703-1782)  introduced  prusaiate  of  potash  for  the  detection  of  iron,  and 
Bergmann  (173G-1784)  not  only  introduced  new  reagents  and  new  methods  for 
decomposing  minerals  and  refractor;^  substances,  such  as  fusion  with  potash,  diges- 
tion with  nitric  acLd  or  hydrochloric  acid,  hut  he  also  was  the  first  to  suggest 
the  application  of  teats  in  a  systematie  way,  and,  indeed,  (he  method  of  analysis 
which  lie  developed  is  on  much  the  same  lines  as  that  in  use  at  the  present  day. 
He  paid  special  attention  to  the  qualitative  analysis  of  mineral?,  and  gave  careful 
instructions  for  the  analysis  of  gold,  platinum,  silver,  lead,  copper,  zinc,  and  other 
ores.  The  work  of  Schesle  (174;J-ir66)  had  Indirtclly  a  great  influence  on  quali- 
tative analysis,  as,  although  he  did  not  give  a  general  systematic  method  of 
procedure  in  the  analysis  of  subslances  of  unknown  composition,  yet  the  methods 
which  he  employed  in  the  examination  of  new  substaucea  were  so  original  and 
exact  as  to  remain  models  of  how  qualitative  analysis  should  be  conducted. 

Great  strides  in  analytical  chemistry  in  the  wet  way  were  made  through  the  work 
of  Berzelius,  who,  by  the  discovery  of  new  melhods,  such  as  the  decomposition  of 
silicates  by  hydrofluoric  acid  and  tbe  introduction  of  new  tests,  ffreatly  advanced 
the  art.  He  paid  fecial  attention  to  perfecting  the  methods  of  analysis  of  mineral 
waters,  and  these  researches  as  well  as  his  work  on  ores,  and  particularly  his  investi- 
gation of  platinum  ores,  stamp  Berzelius  as  one  of  the  great  pioneers  in  qualitative 
and  quantitative  analytical  chemistry. 

By  the  labours  of  Che  great  experimenters  whom  I  have  mentioned  qualitative 
analysis  gradually  acquired  tlie  tamiliar  appearance  of  to-day,  and  many 
books  were  written  with  the  object  of  arrangiug  the  mass  of  information  whtch 
had  accumulated,  and  of  thus  rendering  it  available  for  the  student  in  his  effbrta  to 
investigate  the  composition  of  new  minerals  and  other  substances.  Among  theae 
books  may  be  mentioned  the  'Ilandbuch  der  analytischen  Chemie,'  by  H.  Rose, 
and  especially  the  well-known  analytical  lext-books  of  fresenius,  which  have  had 
an  extruordlnarily  wide  circulation  and  passed  through  many  editions. 

Tbe  work  of  the  great  pioneers  in  analytical  chemistry  waa  work  done  often 
under  circumstances  of  great  dithculty,  as  before  the  end  of  the  seventeenth  cen- 
tury there  were  no  public  institutions  of  any  sort  in  which  a  practical  knowledge 
of  chemistiT  could  be  acquired.  Lectures  were,  of  course,  given  from  very  early 
timtjs,  but  It  was  not  until  the  time  of  Guillaume  Fronfois  Bouelle  (1708-1770),  at 
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tbe  betrinnuig  of  the  eighteenlh  century,  that  lectures  b^sn  to  be  Ulustiated 
by  eKperiments,  RoueUe,  who  wsa  yery  active  as  a  teacher,  numbered  among  bis 
pupils  many  men  of  eminence,  such  as  LaToisier  and  Proust,  and  it  was  la^ly 
owing  to  his  influeDce  that  France  took  such  a  lead  in  practical  teaching.  In 
Germany  progren  was  much  slower,  and  in  our  country  the  utrodaction  of  lectures 
iUustrated  by  experiments  seems  to  bare  been  mainW  due  to  Davy. 

Whiin  it  is  considered  bow  slowly  eiperimentAl  work  came  to  be  recognised 
as  a  means  of  illustration  and  education,  even  in  connection  with  lectures,  it  is  not 
surpnBing  that  in  early  times  practical  teaching  in  laboratories  should  have  been 
thought  quite  unnecesury. 

Ihe  few  laboratories  which  existed  in  the  sixteenth  century  were  built  mainly 
for  the  practice  of  alchemy  by  the  reigning  princes  of  the  time,  and,  indeed,  up  to 
the  beginning  of  tbe  nineteentb  century,  tbe  private  laboratoiies  of  the  great 
masters  were  the  only  schools  in  which  a  favoured  few  migbt  studv,  but  which 
were  not  open  to  the  public.  Thus  we  find  that  Berzelius  roceived  in  his  laboratory 
a  limited  number  of  students  who  worked  mostly  at  research:  these  were  not 
usually  young  men,  and  his  school  cannot  thus  be  considered  as  a  teaching  institu- 
tion in  tbe  ordinary  sense  of  the  word. 

The  first  really  great  advance  in  laboratory  teaching  is  due  to  Liebtg,  who,  after 
working  for  some  years  in  Paris  under  Gay-Lussac,  was  appointed  in  1824  to  bo 
Professor  of  Chemistry  in  Qiessen.  Liebig  was  strongly  impressed  with  tiie  neceft- 
aitv  for  public  institutions  where  any  student  could  study  chemistry,  and  to  bim 
fell  the  nonoiur  of  founding  the  world-famed  Gieasen  Laboratory,  the  first  pnblic 
institution  in  Germany  which  brought  practical  chemistry  within  the  reach  of  all 
students. 

Giessen  rapidlybecametbecentreof  chemical  interest  in  Germany,  and  students 
flocked  to  tbe  laboratory  in  such  numbers  ea  to  necessitate  the  development  of  a 
systematic  course  of  practical  chemistry,  and  in  this  way  a  scheme  of  teaching  was 
devised  which,  as  we  shall  see  later,  has  served  as  the  foundation  for  the  system  of 
practical  chemistry  in  use  at  the  present  day. 

"When  tbe  success  of  this  laboratory  had  been  clearly  established  many  other 
towns  discovered  the  necessity  for  similar  institutions,  and  in  a  comparatively  short 
time  every  university  in  Germany  possessed  a  cbemical  laboratory.  The  teaching 
of  practical  chemistry  in  other  countriee  was,  however,  of  very  slow  growth  ;  in 
France,  for  example,  Wurtz  in  1869  drew  attention  to  the  fact  that  there  was  at 
that  time  only  one  laboratory  which  could  compare  with  the  German  laboratories, 
namely,  that  of  the  £cole  Normale  Sup^rieure, 

The  earliest  laboratory  for  tencbjng  purposes  in  Great  Britain  was  that  of 
Thomas  Thomson,  who,  after  graduating  in  Edinburgh  in  1700,  began  lecturing  in 
that  city  in  1800,  and  opened  a  laboratory  for  the  practical  instruction  of  his  pupils. 
Thomson  was  appointed  lecturer  in  Chemistry  in  Glasgow  TJniversiCy  in  1807, 
and  R^iua  Profeseor  in  1818,  end  in  Glasgow  he  also  opened  a  general  Eaboratory. 

Actual  progress  in  the  general  establishment  of  laoorstories  for  the  study  ot 
chemistry  se^ms  to  date  from  the  time  of  Thomas  Graham,  who  in  1830  wna  ap- 
pointed Professor  of  Chemistry  at  Anderson's  College  in  Glasgow,  and  in  1837  at 
University  College,  London.  Whether  practical  chemistry  was  taught  in  Anderson's 
College  at  that  time  I  have  not  been  able  to  ascertain,  hut  there  is  no  doubt  that 
regular  courses  in  testing  and  systematic  analysis  were  given  by  Graham  from  1837 
to'  tbe  date  of  hia  resignation  in  186^. 

In  1846  the  College  of  Chemistry  was  founded  in  London,  an  institution  which 
under  A.  W.  Hofmann's  guidance  rapidly  rose  to  such  a  prominent  position,  and 
in  1851  Frankland  was  appointed  to  the  chair  of  chemistry  in  the  new  college 
founded  in  Manchester  by  the  truEteee  of  John  Owens,  and  here  he  equipped  a 
laboratory  for  the  teaching  of  practical  chemistry.  Under  Sir  Henry  Roscoe  this 
laboratory  soon  became  too  small  for  the  growing  number  of  chemical  students, 
ft  defect  which  was  removed  when  the  new  buildings  of  the  college  were  opened 
in  1873,  In  1849  Alexander  Williamson  was  appointed  Professor  of  Practical 
Chemistry  at  University  College,  London,  where  he  introduced  the  practical 
nelihod«  of  Liebtg. 
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Following  tbeM  ezamplM,  the  older  vDirerutiea  gradniUy  cune  to  sea  die 
neceeut;  for  pToriding  acconunodBlion  foT  the  practicftl  teacbinff  of  cbemUtry,  with 
the  TMull  thftt  well-equipped  Ubontoriea  have  been  erected  in  aU  the  oentru  of 
leaniiDg  in  tJii«  country. 

Since  Liebij^,  by  the  eatAblinhment  of  the  Giewen  L&boratorj,  must  be  looked 
npOD  U  the  pioneer  in  the  deTelopment  of  practicsl  laboratorj  teaching,  it  will 
be  intoreating  to  endeavour  to  obtain  aome  idea  of  the  methoda  which  he  uaad  in 
the  tnioing  of  the  atudeata  who  attended  hia  laboratory  in  Gieaaeu.  From  amall 
beginnioga  he  gradually  introduced  a  syatematic  course  of  practical  cheniiatry,  and 
a  caierul  compariaon  shows  that  this  was  umilar  in  manj  ways  to  that  in  uae  at 
the  preeent  oay.  The  student  at  Oiessen,  after  preparing  the  more  importnnt 
gases,  was  careiully  trained  in  qualitative  and  qunntitative  analysis;  he  waa  then 
required  to  make  a  large  number  of  preparations,  after  which  he  engaged  in  original 
research. 

Although  there  is,  as  far  aa  I  have  been  able  to  ascertain,  no  printed  record  of 
the  nature  of  the  quantitative  work  and  the  piejiBTitiane  which  Lietnf;  required 
from  his  studdnta,  the  bourse  of  quslitallve  analysts  is  easily  followed,  owing  to  the 
existence  of  a  most  interesting  book  published  for  the  use  of  the  Gieaaen  students. 

In  1846,  at  Liebig's  request,  Henry  WUl,  Ph.D.,  Extraordinary  Profeaaor  of 
Chemistry  in  the  University  of  Gieseen,  wrote  a  email  book,  for  use  at  Oiessen, 
called  '  Oiessen  Outlinea  of  Analjsia,'  which  showa  clearly  the  kind  of  inatruction 

Ken  in  that  laboratory  at  the  time  in  so  far  as  qualitative  analvais  is  concerned. 
is  book,  which  contains  a  preface  by  Liebig,  is  pHrticuIarly  interesting  on 
account  of  the  fact  that  it  is  evidently  the  firnt  Introduction  to  Analysis  intended 
for  the  training  of  elementary  stiidrnts  which  was  ever  published.  In  the  preface 
Liebig  writes:  'Tbe  want  oIbd  introduction  to  chemical  analysis  adapted  for  the 
uae  of  a  laboratory  hss  given  riM  to  the  present  work,  which  contains  an  accurate 
description  of  the  course  I  have  followed  in  my  laboratory  with  gmat  advantage 
for  twenty-five  years.  It  has  been  prepared  at  my  request  by  Proressor  Will,  who 
has  been  my  assistant  during  a  great  part  of  this  period.' 

'  This  book  undoubtedly  liad  a  considerable  uirculalion,  and  was  used  in  most  ot 
the  laborntories  which  were  in  existence  at  tliat  time,  and  thus  we  Und,  for  example, 
that  the  English  translaUou  which  Liebitr  'hopes  and  believes  will  be  accept&bla 
to  the  E!ngtish  public '  was  tbe  book  useil  by  llofmann  for  his  atudents  al  the 
College  of  Chemistry.  In  this  book  the  mutals  are  first  divided  into  groups  mach 
intheaame  way  as  is  done  now;  each  group  is  then  separately  dealt  with,  the 
principal  characteristics  of  the  metals  of  the  group  are  noted,  and  their  reactions 
studied.  Thosetesta  which  are  useful  in  thedetection  of  each  metal  are  particularly 
emphasised,  and  the  reasons  given  for  eelecticg  certain  of  them  as  of  special  valae 
for  the  purpofes  of  separating  oue  metal  from  another. 

Throughout  this  section  ol'  the  book  there  are  frequent  diseussiona  as  to  tlie 
possible  methods  of  the  separation,  not  oulr  of  the  metals  of  one  group,  but  of 
those  belonging  to  ditfereut  groups  j  and  the  whole  subject  is  treated  in  a  manner 
which  shows  clearly  that  Liebig's  great  object  was  to  make  tbe  student  think  for 
himself.  After  studying  in  a  similar  manner  tbe  behaviour  of  the  principal  acids 
with  reagents,  the  student  in  introduced  to  a  course  of  qualitative  anal^NS  com- 
prising, 1,  preliminary  exaniiDation  of  solids;  2,  qualitative  analysis  of  the 
Buhstance  in  solution, 

Both  sections  are  evidently  written  with  the  object  not  only  of  constructing  a 
system  of  qualitative  analysis,  but  more  particularly  of  clearly  leading  the  student 
to  argue  out  for  himself  the  methods  of  separation  which  he  will  ultimately  adopt. 
The  book  concludes  with  a  few  tables  which  differ  considerably  in  desigii  from 
those  in  use  at  the  present  day,  and  which  at«  so  meagre  that  the  student  could 
not  possibly  have  used  them  mechanically. 

The  Bvsteni  introduced  in  this  book,  no  doubt  owing  to  the  excellent  results 
obtained  ny  its  use,  was  rapidly  recognised  as  the  standard  method  of  taacbing 
•nalysia  in  most  of  the  institutions  existing  at  that  time  Soon  the  conrse  began 
to  be  farther  developed,  book  after  book  waa  published  on  tbe  aubject,  and 
ptduylly  the  tcaclung  of  qualitative  analysis  aBaumed  the  ah^  and  ima  wilb 
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irliich  we  tre  &1I  so  well  acqaainted.  But  the  present-day  hook  on  qualitative 
OiDaljug  dilfera  widely  from  '  Qiessen  Oatiinea '  in  this  respect,  that  wharefia  io  the 
latter  the  tables  introduced  are  mere  indications  of  the  methods  of  deparation  to 
be  employed,  and  are  of  such  a  nature  that  tha  stiideot  who  did  not  think  for 
bimself  must  haye  been  conattuitly  in  difficulties,  in  the  book  of  the  present  day  these 
tables   have   been   worked   out  to  the  minutest  detail.      Every  contingency  ie 

Srovided  for ;  nothing  is  left  to  the  originality  of  the  student ;  and  that  which,  no 
oubt,  wfts  once  an  excellent  course  has  now  become  ao  hopelessly  mechanical  as 
to  make  it  doubtful  whether  it  retains  anything  of  its  former  educational  value. 

The  question  which  I  now  wish  to  consider  more  particularly  is  whether  the 
aystem  oftraining  chemists  which  is  at  present  adopted,  with  little  variation,  in  our 
colleges  and  uuiverstcios  is  a  reallv  satisfactory  one,  and  whether  it  supplies  the 
student  with  the  kind  of  knowledge  which  will  be  of  the  most  ralue  to  him  in  his 

Those  who  study  cbemistry  may  bo  roughly  divided  as  to  their  future 
careers  into  two  groups — those  who  become  teachers  and  those  who  become 
technical  chemists.  Now,  whether  the  student  takes  up  either  the  one  or  the  other 
career,  I  think  that  it  is  clear  that  the  objects  to  be  aimed  at  in  traininp;  him  ara 
to  give  him  a  sound  knowledge  of  his  subject,  and  especially  to  ao  arrange  his 
■tudiee  as  to  bring  out  in  every  possible  way  bis  capacity  for  original  thought. 

A  teacher  who  has  no  originality  will  hardly  oe  successful,  even  though  he 
nay  possess  a  ver^  wide  knowledge  of  what  has  already  been  done  in  tha  past. 
He  will  have  little  enthusiasm  for  his  subject,  and  will  continue  to  teach  on  the 
lines  lud  down  by  the  text-booka  of  the  day,  without  himself  materially  improvinjf 
the  existing  methods,  and,  above  all,  he  will  be  unable,  and  will  have  no  desire, 
to  add  to  our  store  of  knowledge  by  original  investigation. 

It  is  in  the  power  of  almost  every  teacher  to  do  some  research  work,  and  it 
seems  probaUe  that  the  reason  why  more  is  not  done  by  teachers  is  that  the 
importance  of  research  work  was  not  sufficiently  inuslad  on,  and  their  original 
faculty  was  not  sufficiently  trained,  at  the  schools  and  colleges  where  they  received 
their  education. 

And  these  remarks  apply  with  equal  force  to  the  student  who  suhsequently 
becomes  a  technical  chemist. 

In  the  chemical  works  of  to-day  sound  knowledge  ia  easential,  but  originality 
Is  an  even  more  important  matter.  A  technical  chemist  without  orif;inality  can 
scarcely  rise  to  a  responsible  position  in  a  lai^e  works,  whereas  a  chemist  who  is 
capable  of  constantly  improving  the  processes  in  operation,  and  of  adding  new 
methods  to  those  in  use,  becomes  so  valuable  that  he  can  command  his  own  terms. 

Now,  this  being  so,  I  think  it  is  extraordinary  that  so  many  of  the  students 
who  go  through  the  prescribed  course  of  training — say  for  the  Bachelor  of  Science 
degree — not  only  show  no  originality  themselves,  but  seem  also  to  have  no  deeire 
at  the  conclugion  of  their  studies  to  engage  in  original  investigation  under  the 
supervision  of  the  teacher.  That  this  is  so  ia  certainly  my  experience  as  a  teacher 
examiner,  and  I  feel  aura  that  many  other  teachera  will  endorse  this  riew  of  the 
and  case. 

Ifweinciuiie  into  the  reason  for  this  deSeiency  in  origioali^  weshaU.Ithiuk, 
Im  forced  to  conclude  that  it  is  in  a  large  measure  due  to  the  conditions  of  study 
and  the  nature  of  the  courses  through  which  the  student  is  obliged  to  pass. 

A  well-devised  system  of  quantitative  analysis  is  undoubtedly  valuable  in 
teaching  the  student  accurate  manioulatiou,  but  it  has  always  seemed  to  me  that 
the  bug  course  of  qualitative  anolyus  wtuch  is  usually  considered  neceKsary, 
and  which  generally  precedes  the  quantitative  work,  is  not  the  most  satisfactory 
training  for  a  student. 

There  can  be  no  doubt  that  to  many  students  qualitative  analysis  ia  little  more 
than  a  mechanical  exercise :  the  tables  of  separati on  are  learnt  by  heart,  and  every 
substance  is  treated  in  precisely  the  samo  manner ;  such  a  course  is  surely  not 
calculated  to  develop  any  original  faculty  which  the  student  may  posdsss.  Then, 
agaiiii  when  the  fltudent  passes  on  to  quantitative  analysis,  he  receires  elaborate 
tnstractions  aa  to  the  litlle  detaiU  he  muet  observe  in  order  to  get  an  accurate 
f0OO.  Tl^,|. 
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leBult ;  and  eren  after  he  baa  become  familiar  with  the  unplet  determinations  be 
rarely  ettempts,  and  indeed  has  no  time  to  attempt,  anything  of  the  nature  of  an 
origiDal  inveetigation  in  qualitative  or  ijuantitatire  analjais.  It  indeed  iametimes 
happeua  that  a  etudent  ct  the  end  of  bis  second  year  has  never  prepared  a  pure 
■ubstnnce,  and  is  often  utterly  ignorant  of  the  malliodB  employed  m  tlie  separation 
of  Buhatances  by  ccystaUisatian  ;  he  lias  never  conducted  a  distillation,  and  has  no 
idea  how  to  investigate  the  nature  and  amounta  of  suhstancee  formed  in  chemical 
reactions ;  practically  all  his  time  has  been  taken  up  with  analysis.  That  this  ia 
not  the  way  to  teach  chemistry  was  certainly  the  opinion  of  Liehi^,  and  in 
support  of  this  I  quote  a  paragraph  lueariug  on  the  subject  which  occurs  in  a  very 
interesting  hooV  on  '  Justus  von  Liebig :  his  Life  and  Work/  written  Irf  W,  A. 
Shenstone  (pp.  176, 176), 

'  Inbis  pnctical  teaching  Liebig  laid  great  stiesa  on  the  producing  of  cbemieal 
preparations ;  on  the  students  preparing,  that  is  to  say,  pure  substances  in  ^ood 
quantity  from  crude  materials.  The  importance  of  this  was,  even  in  Liebig's  time, 
often  overlooked  ;  and  it  was,  he  tells  us,  more  common  to  find  a  man  who  could 
make  a  good  analysis  than  to  find  one  who  could  produce  a  pure  praparation  in 
the  most  judicious  way.' 

'  ■  There  is  no  better  way  of  making  one's  self  acquainted  with  the  properties  of 
a  substance  than  by  first. producing  it  from  the  raw  material,  then  converting  it 
into  its  compounds,  and  so  becoming  acquainted  with  them.  By  the  study  of 
ordinary  analysis  one  does  not  learn  how  to  are  the  important  methods  of  crys- 
tallisation, fractional  distillation,  nor  acquire  any  considemble  experience  in  the 
proper  use  of  solvents.  In  short,  one  does  not,  as  Liebig  said,  become  a 
chemist.' 

One  reason  why  the  present  system  of  training  chemists  has  persisted  so  long 
is  no  doubt  that  it  is  a  very  convenient  aystem:  it  Is  ea^ly  taught,  does  not 
require  erpenaive  apparatus,  and,  above  all,  it  lends  itself  admirably  for  the  purpose 
of  competitive  examination. 

The  system  of  examination  which  has  been  developed  during  the  last  twenty 
years  has  done  much  harm,  and  is  a  source  of  great  difficulty  to  any  conscientious 
teacher  who  is  possessed  of  originality,  and  is  desirous,  particularly  in  specBal 
cases,  of  leaving  the  beaten  track. 

in  our  coliegBs  and  universities  most  of  the  students  work  for  some  definite 
examination — frequently  for  the  Bachelor  of  Science  degree — either  at  their  otrn 
University  or  at  tae  University  of  Loudon. 

For  such  degrees  a  perfectly  definite  course  is  prescribed  and  must  be  followed, 
because  the  questions  which  the  candidate  will  have  to  answer  at  his  examination 
are  based  on  a  syllabus  which  is  either  pubhi^hed  or  is  known  by  precedent  to  be 
required.  The  course  which  the  teacher  is  obliged  to  teach  is  thus  placed  beyond 
bis  individual  power  of  alteration,  except  in  minor  details,  and  originality  in  the 
teacher  ia  thereby  discouraged :  be  knows  that  all  students  must  face  the  same 
examination,  and  he  must  urge  the  backward  man  through  exactly  the  same 
courae  as  his  more  talented  neighbour. 

In  almost  all  examinations  salts  or  mL-itures  of  salts  are  given  for  qnalitatdvs 
analysis,  '  Detenoine  the  constituents  of  the  simple  salt  A  and  of  the  mixture  B ' 
is  a  fa'Vourite  examination  formula;  and  as  some  practical  work  of  this  sort  is  sure 
to  be  set,  the  teacher  knows  that  he  must  contrive  to  get  one  and  all  of  his  students 
into  a  condition  to  enable  them  to  answer  such  questions. 

If,  then,  one  considers  the  great  amount  of  work  which  is  required  from  the 
present-day  student,  it  is  cot  surprising  thst  every  aid  to  rapid  preparation  for 
examination  should  be  accepted  with  delight  by  the  teacher ;  and  thus  it  comes 
about  that  tables  are  elaborated  in  every  detail,  not  only  for  qvialitative  analysis  in 
inorganic  chemistry,  but,  what  is  far  worse,  for  the  detection  of  some  arbitrary 
selection  of  organii:  substances  which  may  be  set  iii  the  syllabus  for  the  examina- 
tion, I  question  whether  any  really  competent  teacher  will  he  found  to  recommend 
this  system  as  one  of  educatianal  value  or  calculated  to  bring  out  and  train  the 
faculty  of  original  thought  in  students. 

If,  then,  the  present  system  is  eo  unsatisfactory,  it  will  uatuially  Iw  sUod, 
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How  aie  atodents  to  be  trained,  oocl  bow  are  they  to  he  ezunined  so  m  to  find 
out  the  extent  of  the  knowledge  of  their  Bubject  which  they  have  acquired  P 

In  dealin^with  the  firat  part  of  tile  question^-tbat  ia,  the  training  beat  suited 
to  chemiBts— 3  can,  of  course,  only  give  my  own  views  on.  the  subject — Tiews  which, 
no  doubt,  may  dilfer  much  from  those  of  many  of  the  teechore  present  at  this 
meetinfr.  The  objects  to  be  attained  are,  in  rnj  opinion,  to  g'lTe  the  student  a 
sufficient  knowledge  of  the  broad  facts  of  chemtstry,  and  at  the  same  time  so  to 
arrange  bis  practical  work  in  particular  as  to  always  have  in  view  the  training  of 
hie  faculty  of  original  thought. 

I  tbinV  it  wOl  be  conceded  that  any  student,  if  be  is  to  make  his  mark  in 
chemistry  by  original  work,  must  ultimately  specialise  in  some  branch  of  tbe 
subject.  It  may  be  possible  for  some  great  minds  to  do  valuable  original  work  in 
more  than  one  branch  of  chemistry,  but  these  are  the  exceptions ;  and  as  time  goes 
on,  and  the  mass  of  facta  accumulates,  this  will  beciime  more  and  more  imposublo. 
Now  a  student  at  the  commencement  of  his  career  rarely  knows  which  branch  of 
the  snbject  will  fascinate  him  moet,  and  I  think,  therefore,  that  it  is  necessary,  in 
the  first  place,  to  do  all  that  is  possible  to  give  him  a  thorough  grounding  in  all 
branches  of  the  subject.  In  my  opinion  the  student  is  taken  over  too  much  ground 
in  the  lecture  courses  of  the  present  day :  in  inorganic  chemistry,  for  example,  the 
study  of  the  rare  metals  and  their  reactions  might  be  dispensed  witb,  as  well  as 
many  of  the  more  diihcult  chapters  of  phydcal  chemistry,  and  in  organic  chemistiy 
such  complicated  problems  as  the  constitutions  of  uric  acid  and  the  membere  of 
the  camphor  and  terpene  series,  &c.,  might  weU  be  left  out.  As  matters  stand  now, 
instruction  must  be  given  on  these  subjects  simply  because  queftiona  bearing  on 
them  will  probably  be  asked  at  the  examination. 

And  hue  perhaps  I  might  make  a  confession,  in  which  I  do  not  ask  my  fellow- 
teachers  to  join  me.  My  name  is  often  attached  to  chemistry  papers  which  I  should 
be  sorry  to  have  to  anawerj  and  it  seems  to  me  the  standard  of  examination 

Sapers,  and  especially  of  Honours  examination  papers,  is  far  too  high.  Should  we 
amand  a  pitch  of  knowledge  which  our  own  experience  tells  us  cannot  be  mairL- 
tained  for  long  P 

In  dealing  with  tlis  question  of  teaching  practical  chemistry  it  may  be  hoped, 
in  the  first  place,  that  in  the  near  future  a  sound  training  will  ba  given  in  ele- 
mentary science  in  mo»t  Bchnols,  very  much  on  the  lines  which  I  mentioned  in  the 
first  part  of  this  Address.  Tbe  student  will  then  be  in  a  tit  state  to  undergo  a 
thoroughly  satisfactory  course  of  training  in  inoiiganic  chemistry  during  his  first 
two  years  at  college.  Without  wishing  in  any  way  to  mnp  out  a  definite  course, 
I  may  be  allotred  tn  suggest  that  in^itead  of  much  of  the  usual  qualitative  and 
quantitative  analysis,  practical  exercises  similar  to  the  following  will  be  found  to 
be  of  much  greater  educational  value. 

(1)  The  careful  experimental  demonslrallon  of  the  fundamental  laws  of 
ehemtslry  and  phyucal  chemistry. 

(2)  The  preparation  of  a  series  of  compounds  of  the  more  important  met^ls, 
eidier  from  their  more  common  ores  or  from  the  melals  ibemselves.  SVith  the 
ai^  of  the -compounds  thus  prepared  the  reactions  of  the  metals  might  be  etiinied 
andthe  similarities  and  differences  between  the  different  metals  then  carefully 
noted. 

(i!)  A  course  in  which  the  student  should  investigate  in  certain  selected  coKes : 
(ai  the  conditions  under  which  action  takes  place ;  (£)  the  nature  of  the  products 
formed  J  (c)  the  yield  obtMned.  If  he  were  then  to  proceed  to  prepare  each 
product  in  a  state  of  purity,  he  would  be  doinj;  a  series  of  exercises  of  the  highest 
educational  value. 

(4)  The  determination  of  the  combining  wights  of  Bomeofthemore  important 
tnetals.  This  is  in  most  cases  comparatively  simple,  as  the  determination  of  tl'u 
fonibining  weights  of  selected  metals  can  be  very  accurately  carried  out  hvmenirOr- 
ir.R  the  hydrogen  evolved  when  an  acid  nets  upon  them. 

Many  other  exercises  of  a  similar  nature  will  readily  suggest  themselves,  and 
in  arranging  the  course  every  effort  should  be  made  to  induce  the  student  to  cf.ii- 
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■alt  original  papara  and  to  &T<nd  &a  fu  u  possible  anj  tendencf  to  mere  mecHamcal 

The  exact  o&ture  of  such  a  course  must,  however,  necessarily  be  left  very  much 
in  the  hands  of  the  teacher,  and  the  details  will  no  doubt  require  much  conMdera- 
tion  1  but  I  feel  sure  that  a  coursa  of  practical  inorganic  chemistiY  could  be  coo- 
Btructed  which,  while  teaching  all  the  important  facts  which  it  is  necessary  for 
the  student  tolinaw,  will,  at  the  same  time,  constantly  tendtoderelophis  &ciiltj  of 
ori^nal  thought. 

Supposing  such  a  course  were  adopted  (and  the  experiment  iswell  worth  trying), 
there  aull  remains  the  problem  of  how  the  student  who  has  had  this  kind  of 
training  is  to  be  examined. 

With  r^pud  to  his  theoretical  work  there  would  be  no  difficulty,  as  the 
examination  could  be  conducted  on  much  the  same  lines  as  at  the  present  time. 
In  the  case  of  the  practical  examination  I  hate  long  fett  that  the  only  satisfactory 
method  of  arriving  at  the  value  of  a  student's  practical  knowledge  is  by  the  in- 
spection of  the  worh  which  he  has  done  duriiur  tie  whole  of  bis  course  of  study, 
and  not  by  depending  on  the  results  of  one  or  two  days' set  examination.  I  think 
that  most  examiners  will  agree  with  me  that  the  present  system  of  examination  in 
practical  rhemiatrf  is  highly  uiisatisfactory.  Tbia  is  perhaps  not  so  apparent  in 
the  case  of  the  qualitative  annlyais  of  the  usual  simple  salt  or  mixture ;  but  what 
the  student  has  to  do  a  quantitative  exercise,  or  when  a  problem  is  set,  the  results 
sent  in  are  frequently  no  indication  of  the  value  of  the  student's  practical  -work. 
Leaving  out  of  the  question  the  possibility  of  the  student  being  in  indifTerent 
bealth  during  the  short  period  of  the  practical  examination,  it  not  infrequently 
happens  that  he,  in  his  excitement,  has  the  misfortune  to  upset  a  beaker  wheo  his 
quantitative  determination  is  nearly  finished,  atid  as  a  result  be  loses  far  more  marks 
Ukan  he  should  do  for  so  simple  an  accident. 

Again,  in  attacking  a  problem  he  hss  usually  only  time  to  try  one  method  of 
solution,  and  if  this  does  not  yield  satisfactory  results  he  again  loses  marks;  whereas 
in  the  ordinary  course  of  his  practical  work,  if  he  were  to  find  that  the  first 
method  was  faulty  he  would  try  other  methods  until  he  ultimately  arrived  at  the 
desired  result. 

It  is  difficult  to  see  why  such  an  unsatisfactory  system  as  this  might  not  be 
replaced  by  one  of  inspection,  which  I  think  could  easily  be  so  arranged  aa  to 
work  well. 

A  studsEt  taking,  saj,  a  three  years'  course  for  the  degree  of  Bachelor  of 
Science  might  Im  required  to  keep  very  careful  not«s  of  all  the  practical  work 
which  he  does  during  this  course,  and  in  order  to  avoid  fraud  his  notebook  could 
from  time  to  time  be  initialled  bj  the  professor  or  demonstrator  in  charge  of  the 
labontory.  An  inspection  of  these  notebooks  could  then  be  made  at  suitable 
timee  by  the  examiners  for  the  degree,  by  which  means  a  very  good  idea  would  be 
obtained  of  the  scope  of  the  work  which  the  student  had  been  engaged  in,  and  if 
thought  necessary  a  few  questions  could  easily  be  asked  in  regard  to  the  work  so 
presented.  Should  the  examiners  wish  to  further  test  the  candidate  by  giving  him 
an  examination,  I  submit  that  it  would  bo  much  better  to  set  bim  some  exerdse 
of  the  nature  of  a  simple  original  investigation,  and  to  allow  him  two  or  three 
weeks  t«  carry  thi*  out,  than  to  depend  on  the  hurried  work  of  two  or  three 

The  object  which  I  had  in  view  in  writing  this  Address  was  to  call  attention 
to  the  fact  that  our  present  system  of  training  in  chemistry  does  not  anpear'> 
develop  in  the  student  the  power  of  conducting  original  research,  and  at  the  same 
time  to  endeavour  to  suggest  some  means  by  which  a  more  satisfactory  state  of 
things  might  be  brought  about.  I  have  not  been  able,  within  the  limits  of  thia 
Address,  to  consider  the  conditions  of  study  during  the  third  year  of  the  students 
career  at  coU^,  or  to  discuss  the  increasing  necesNty  for  extending  that  course 
and  insisting  on  the  student  carrying  out  an  adequate  ori^nal  invcstigatioit  befine 
granting  him  a  degree,  but  I  hope  on  some  future  occasion  to  have  the  offciT- 
turiltj  of  i^tumbg  tb  tliis  Verj  imptirt'sut  part  of  the  subject.    If  an'y  bi  the 
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•U^ettiotiB  I  have  made  should  prove  to  be  of  prftcticel  value,  uid  ahould  lead 
to  tbe  productioii  of  more  original  reaeaich  bjr  out  students,  I  ahall  feel  tliat  a 
naaful  pmpaae  lias  been  serred  bj  bringing  tnis  matter  before  this  Section.  In 
GMKluding  I  wiali  to  thank  Piofeesor  II.  B.  Dixon,  Frofeesor  F.  S.  Kipping,  and 
ocbera,  for  many  valuable  su^^^tious,  and  mj  thiuka  are  especially  due  to  Dr. 
Bevan  Lean  for  much  information  which  he  gave  me  in  connection  with  that 
part  of  this  Address  which  deals  with  the  teaching  of  chemistry  in  achooia. 


The  following  Beporta  and  Papers  were  read  : — 

1.  Report  on  tJie  Teaching  of  Science  in  Elementary  Sdtooli. 
See  Reporta,  p.  187. 


2.  On  tome  Problems  connected  ivith  Almotpherie  Carbonic  AtUiydride,  and 

on  a  New  and  Accurate  ,'ifetliod  /or  determining  its  Amount,  suitable 

for  Scientijtc  Expeditions.      By  Professor  LBira,  D.Sc,  Ph.D.,  itc., 

and'R.  F.  Blake,  F.l.C,  F.C.S.,  Queen's  College,  Belfwtt. 

Attention  is  drawn  to  the  Tariations  in  the  amount  of  atmospheric  carbonic 

BJlhydride  which  correspond  with  at  least  10  per  cent,  of  the  total  amount,  the 

causes  of  which  are  still  to  a  large  extent  obscure.     In  the  author's  opinion  the 

autject  is  an  important  one,  and  is  worthy  of  a  systematic   inveatigation   by  a 

number  of  skilled  observers  working  in  difierent  localities  and  employing  the  same 

method  of  detormioation  which  shall  have  been  proved  to  give  results  which  do 

not  vary  from  the  true  amount  by  more  than  three  or  four  parts  per  million  of 

air.     Among   the  problems   relating  to  atmospheric  carbonic  antiydride  which 

tbe  authors  think  are  specially  deserving  of  attention  are  the  following ; — 

1 .  I»  ScMoesinffs  Theory  Correct  f — Do  the  oceans  really  act  as  regulators  of  the 
amount  of  atmospheric  carbonic  anhydride  by  tbe  production  or  dissociatioo  of 
earthy  bicarbonates  eccordiog  as  the  amount  rises  above  the  normal  or  falls  below 
.  itP  As  consequences  of  this  theory  latitude  should  influence  the  quantity  of 
Btmoepheric  carbonic  anbydrid?,  whicli  ought  to  be  lower  in  polar  than  in  tropical 
localities,  and  the  great  ocean  currents  should  also  have  on  enect  as  they  passlrom 
warmer  to  colder  regions,  or  tbe  opposite. 

'2.  TAe  Infiuence  of  Day  and  SiyAt  at  Sea. — To    account   for  the  increased 
quantity  of  atmospheric  carbonic  anhydride  over  laud  surfaces  at  night,  which 
-.oftheobst  


most  of  the  observers  have  found,  two  theories  have  been  advanced:  (a)  ci 

of  plant  activity  in  decomposing'  the  gas  owing  to  the  absence  of  light,  and  (6)  tha 

streaming  out  of  uround  air  bom  tbe  soil  owing  to  the  lowering  of  temperature. 

At  sea  no  such  ioBuencea  can  be  exerted,  but  an  absorption  of  aimoEpheric 
carbonic  anhydride  may  occur  at  the  surface  of  the  water  owing  to  lowering  of 
tomperatuie,  thoa  reversing  tbe  land  effect. 

S.  The  Effeate  of  Atmoepheric  Precipitatei,  and  especiaUy  ofSnowfaU,  which 
appears  to  increase  the  amount  nf  Atmospheric  Carbonic  Anhydride.— Ho  reason- 
able theory  has  been  advanced  to  account  fur  this  curious  pbenomenon,  and  it 
would  be  intoresting  to  ascertain  whether  it  occurs  at  sea  as  well  as  on  land  ;  and 
the  same  remark  would  apply  to  fog  and  rtun,  both  of  which  appear  lo  aSect  tha 
amount  also. 


Other  supposed  causes  of  variation  are  worth  studying,  such  as  the  effects  of  tbe 
seasons,  direction  and  force  of  the  winds,  the  prevailing  type  of  weather,  &e.  But 
those  which  the  authors  think  most  interesting  are  such  as  a  scientific  mission 
would  be  under  peculiarly  favourable  conditions  for  observing,  and  especially  the 
propoced  Antarctic  expeditions. 

In  a  memoir  of  tbe  authors  recently  published  in  the  '  Proceedings  of  the  Boyal 
SnUiD  Society '  (vpl,  iz.  N.S.,  Fort  JI.  No.  16)  a  modificatlDit  of  Petteakoiei'i 
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process  for  detenDimn^  atmospheric  carbonic  anbTdride  ia  described  by  means 
of  which  reisults  of  ^reat  accuTacj[  maj  be  obtained.  Thus  in  the  final  set 
of  test  experiments  with  artificial  miiturea  of  purified  air  and  carbonic  aniiydride 
in  known  Tolumea  a  mean  ernir  (in  six  determinatioiiB]  of  about  1  per  cent,  of 
the  gas  was  found,  correBpondinK  witli  some  four  parts  per  miUioa  of  air  taken. 

For  use  bj  a  acientific  expedition  it  seemed,  oowever,  to  the  authors  that  a, 
ditTerent  ptocesa  is  required  in  which  the  operations  at  the  place  of  ohserTation 
should  be  as  simple  as  possible,  and  of  such  a  nature  as  to  permit  of  the  actual 
'  '  s  beinp^  mnde  et  aaj  courenieiit  time  later,  when  the  resources  of  a 
:y  are  available 

dinf^ly  devised  a  method  which  fulfils  these  conditions, 
and  which  is  simple  and  accurate.  On  the  one  hand  it  resembles  Pettenhofer's 
proc«BS  'in  that  a  relatively  small  volume  of  nir  is  examined  (about  six  litresj, 
while,  on  the  other,  Miintz  and  Aubin's  principle  is  adopted  of  absorbin|r  the 
carbonic  anhydride  by  caustic  potash  solution  and  afterwards  UberatiaE-  it  by 
ebullition  in  vacuo  with  an  acid  and  measuring  its  volume  in  a  suitable  gas 
analysis  apparatus. 

A  series  of  sealed  tubes  is  prepared  in  the  lahorstory,  each  tube  containing  an 
accurately  measured  volume  of  weak  potash  solution  (the  amount  of  combined 
carbonic  anhydride  which  such  a  solution  always  contains  having  been  ascer- 
tained  for  a  given  stock). 

The  only  operations  wbich  hare  to  be  performed  at  the  place  of  observation  are 
the  collection  of  the  air  sample  in  a  suitable  receiver ;  the  transfer  of  the  contents 
of  one  of  the  sealed  lubes  to  the  latter,  and  after  absorption  of  the  atmospberis 
carbonic  anhydride  their  retransfer  as  far  as  possible  to  the  same  tube,  which 
will  be  again  sealed.  The  tubes  can  of  course  be  kept  for  an  indefini(«  period  both 
before  and  after  their  contents  have  been  thus  treated,  and  the  determination  of 
the  absorbed  carbonic  anhydride  made,  -when  convenient,  with  an  aliquot  portion 
of  their  contents.  The  experiments  made  to  test  the  accuracy  of  the  new  method 
were  satisfactory.  Artificial  mixtures  of  purified  air  and  carbonic  anhydride  in 
definite  volumes  were  employed  (the  two  being  in  about  the  proportion  tbey  occur 
in  ordinary  air).  Five  determinntions  in  such  mixtures  gave  a  mean  error  of 
1'3  per  cent,  of  the  carbonic  anhydride  taken  equivalent  to  four  parts  per  million 
of  ur. 


3.  On  the  Dislrihution  of  Chlorine  in  West  Yorkshire. 

By  WlLUAM   ACKROYD,    F.I.C . 

The  present  observations  are  to  he  regarded  as  the  preliminaries  to  an  attempt 
to  construct  isochlors  for  this  part  of  Yorkshire.  Tbc  subject  is  one  of  acknow- 
ledged importance.  Professor  Mssoii  remarking: — 'State  maps,  such  «a  those 
issued  for  the  States  of  Massachusetts  and  Cnnnecticut,  are  most  valuable,  and  their 
construction  is  well  worth  the  expenditure  of  public  money.' '  Although  (te  work 
is  not  far  enough  advanced  for  map  construPtion,  the  figures  which  follow,  and 
observations  thereon,  will  be  of  chemical  and  hygienic  interest  during  the  visit  of 
the  British  Association  to  Bradford. 

In  the  first  place  these  British  normal  chlorine  fi(^res  are  very  high  in  com- 
parison with  the  published  American  data.  The  lowest  Massachusetts  figure  is 
■07  part  of  CI  per  100,('00  in  the  area  farthest  removed  from  the  Atlantic  sea- 
border :  here  the  lowest  found  has  been  -7  part  per  100,000  in  the  upper  reaches 
of  the  Wharf,  and  all  round  it  appenrs  that  the  Yorkshire  figures  are  about  ten  times 
larger  than  those  of  the  Stnte  of  Massachusetts,  which  is  to  be  accounted  for — 
(1)  by  the  closeness  of  the  sea-border  on  either  side  to  the  Pennine  range,  and  (3) 
by  the  density  of  population  in  and  t)ie  antiquity  of  the  inhabited  areas. 

The  unit  i^ochlor  area  is  coextensive  with  the  bighest  hills  and  tbeii  becks, 
deans  and  gills-    The  following  chlorine  determinations  with  waters.  &om  the 

■  W.  P.  Mason,  EaaminatioH  of  Water,  p.  39. 

.  ,,  Google 
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Upper  re&cliea  of  the  Wharf,  Wenning,  RibWe,  Aire,  and  Caldet  will  te  Biiffidrntlj 
illastntiTe : — 

CUorins 
parte  per 
100,000 

Barden        ... 

Urimwltb  Beck 

Oate-np-Gill 

Bleabeck 

Bnckden  Pike 

Slarbottont . 

Eettlewell  . 

Bnckden  Village 

Gaping  QI17II 

Beck  Head,  Clapdale 

Aa  the  sea  is  approached,  and  more  populous  districts  are  reached,  the  chlorine 
rises,  and  remarkacle  examples  of  riaenuiy  be  met  irith  on  the  same  hill  riope. 
Halifax  furnishes  a  striking  instance.  The  town  reats  on  a  sloping  bed  of  Mill- 
stone grit,  the  ancient  and  moat  thickly  populated  part  being  towards  the  bottom 
of  the  indine.  The  ground  waters  of  the  hipheat  parts — Monnt  Tabor — varj  from 
l-e  to  2'6 ;  widely  separated  wells,  about  halfway  down,  yield  the  figum  3-8 ; 
while  towards  tbe  bottom  of  the  slope  two  welU  give  tbe  ^tcures  47  and  S'6.  The 
public  water  supply  from  Pennine  gathering  grounds,  ten  miles  away,  stands  at  1-^. 

Tbe  figures  obtained  for  other  ports  of  the  West  Riding  have  not  yet  been 
aeverely  collated,  and  are  therefore  reserved  for  a  further  communication. 


Chlorine 

^<^ 

iDRleborongh  Caw       . 

1-Z 

Lower  Bentham    . 

14 

Malbam  Tarn  outlet     . 

1-0 

..      Cove       .       . 

0-96 

Airehead 

1-0 

Old  Smelt  Mill      . 

Gordale  Beck       .       . 

1-2 

Hanllth  Bridge     . 

11 

Hardcastle  Craggs 

11 

Walsbaw  Dean     .       . 

11 

4.  On  a  limilinff  Standard  of  AcidUy  for  Moorland  Waters. 
By  William  Ackeoyd,   F.I.C,  Public  Analyst  for  Halifax. 

Many  large  towns,  more  especially  in  tbe  West  Riding  of  Yorkshire,  have  thdr 
public  water  supplies  of  moorland  ori^^u.  The  case  of  Miloes  d.  the  Hndder»> 
tield  Corporation  inlBBl  gave  great  prominence  to  the  fact  that  this  daas  of  water 
may  give  rise  to  plumbiam.  No  satisfactory  explanation  could  be  ^ven  at  the 
time,  and  it  is  only  during  the  present  decade  that  it  has  been  clearly  understood 
that  the  plum  bo-solvent  action  of  moorland  waters  b  to  beassociated  with  acidity. 
An  ideaof  the  relation  is  furnished  by  tbe  following  determinations : — 

ParUper  lOO-OOO. 

Acidity  In  EqaiTalent  Lead  dissolved  from 

of  SolphDTio  Add.  J-inch  Pipiog. 

"  "fl  In  ]  hour    .        .        .     m 


The  acidity  is  due  to  carbonic  anhydride  and  peaty  acids,  and  the  total  is  found 
by  iLEcertftining  the  number  of  c.c.  of  N/100  alkali  required  to  neutralise  100  ac. 
of  tbe  water,  the  result  being  expressed  as  eulphuric  acid.  Phenolphthalein  ia 
used  as  the  indicator. 

The  acidity  maybe  verj^  high  ns  from  peaty  gathering  grounds  of  small  incline, 
aaj-  1   in  44,   or  comparatively  low  in  gathering  grounds  of  steep   incline,  say 

In  the  former  case  violent  action  on  lead  precludes  its  use  for  domestic  con- 
sumption, and  in  the  latter  even  a  limit  must  be  placed  on  the  degree  of  addity 
allowable.  During  efudemics  of  plumbism  in  the  West  Riding  miuh  divernty  of 
opinion  has  been  e:[pressed  on  various  points  connected  with  the  matter  which  the 


'  Ackroyd,  JturTt.  diem.  See.,  180!*,  p.  199. 
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aathor  CUibot  ducusa  here ;  he  contents  himaiilf  with  atatiog  tlukt  after  Bome  Jean 
of  experieni^e  he  has  never  leamt  of  the  occurrence  of  any  eaM  of  plumbiam  where 
the  acidity  of  the  water  has  been  under  the  equivalent  ofO'5  part  of  aulphuric  acid 
par  lOU'OtX)  of  water,  and  this  be  teDtativelr  propoaea  aa  •  limiting  etandard  of 
icidity  for  potable  waters  of  moorland  orig^m  when  the  acidity  is  determined 
in  tlie  manner  already  described  with  phenol phthalein  a;  indicator. 

The  averafie.  acidity  of  nine  aamplea  of  water  not  above  auapicion  in  thia 
respect  was.  0'<(3,  langing  from  0-&3  to  0'91 ;  while  on.  the  other  hand  siity-oae 
aamplea  above  reprmch  from  neii^hbourhooda  where  plumMam  has  not  been  known 
had  an  average  acidity  of  0-27,  the  extiemea  being  020  and  0'41. 


5.  On  Hie  Effects  of  Copper  on  the  Human  Body. 
By  Tqohas  WjiiTEfiiDE  HiUB,  B,A.,  M.D. 
The  recTudeacence  of  an  agitation  by  aome  public  analyats  aa  to  all^ttd 
danger  to  health  produced  by  copper  haa  rendered  it  deairable  to  make  on  inventi- 
gntioD  into  the  aubiect,  although  it  was  long  since  aatiafactorilj  disposed  of,  from 
apoint  of  view  hitherto  scarcely  utilised  as  it  deserves,  and  at  the  aame  time  to 
review  the  general  results  attained.  The  examination  of  the  two  principal 
excretions,  solid  and  liquid,  by  which  copper  la  eliminated  from  the  body,  ofiered  a 
promising  means  of  judging  of  the  eflecta  of  the  agent,  whether  merely  awallowed 
or  also  absorbed.  Theie  excretions  have  therefore  been  examined  during  a  period, 
of  eevera]  months,  from  a  number  of  healthy  persons  engaged,  some  for  many  yoaia, 
in  dealing  with  copper,  either  in  amelfing  works  or  as  workers  in  its  alloy  a,  brasi, 
&C.,  or  from  healthy  persons  unconnected  with  any  Irind  of  copper  work,  who  had 
intentionally  swallowed  some  compound  of  copper  in  improperly  so-called 
'  greened '  vegeloblea  (they  are  not  rendered  '  green  by  treatment  with  copper)  or 
otherwise.  Copper  was  found  in  relative  iibundance  in  the  excretions  oi  all  of 
these  persona,  yet  they  had  enjoyed  perfect  health,  and  were  unconscious  of  nnj- 
thing  abnormal  eiiating  in  their  excretions.  It  is  excreted  slowly,  and  some 
weeks  may  elapse  before  the  whole  of  the  copper-compound  ingested  is  got  rid  of. 
That  fact,  that  copper  may,  after  being  swallowed,  be  absorbed  into  the  blood  and 
exist  there  for  months,  and  no  doubt  during  at  least  twenty  years,  without  indicat- 
ing its  presence  by  the  alightest  interference  with  health,  or  indeed  in  any  way 
whatever,  has  thus  been  eatabliahed  beyond  question.  In  one  case,  a  braas-finisher 
aged  thirty-eight,  who  had  been  thirty  yeara  engaged  in  brasa-work.  copper  waa 
found  on  various  occasions  when  sought,  during  several  months.  For  the  laat 
fourteen  yeara  thia  man  has  never  drawn  any  money  from  his  sick  club,  and  be 
liaa  had  perfect  health.  The  copper  exists  in  the  excretions,  aa  it  dees  in  coppered 
v^etables,  not  as  copper,  but  aa  an  insoluble  compound,  which  when  tested 
directly  for  copper  gives  no  indication  of  cojiper  being  present  in  any  form.  Aa  a 
fact,  no  copper  is  present.  It  is  entirely  unjustifiable  to  speak  o£  copper  b^ng  a 
poison  because  when  combined  with  some  other  elements  pcdsonoue  effects  may  be 
produced  by  the  compound.  Because  copper  and  arsenic  combined,  forming  copper 
arsenite,  which  is  not  copper,  is  poisonous,  a  death  due  to  copper  arsenite  is 
reported  and  quoted  for  sixty  yeara  in  all  the  text-books  as  due  to  '  poisoning  by 
copper  1 '  As  well  call  iron  a  poiaon,  becatise  tt  too,  when  combined  to  form  a  new 
compound,  arseniate  of  iron,  may  prove  poisonous.  Copper  exists  in  a  great  number 
of  plants,  including  cereala,  mineral  waters,  wines,  sbell-tish,  fruits,  and  various  kinds 
of  animal  flesh.  It  haa  been  calculated  that  a  man  eating  good  bread,  '  coppered ' 
only  by  nature,  would  consume  in  thia  way  alone  aome  93  groina  of  copper, 
corresponding  to  866  griuns  of  the  sulphate.  Thouaands  of  wealthy  and  educated 
persons  who  flock  yearly  to  the  health-restoring  epringa  of  WieaDaden,  Tepliti, 
Pyrmont,  &c..  consume  copper  in  every  glass  of  water  they  drink,  yet  their  health 
improves,  they  return  yearly  to  derive  fresh  benefit,  and  are  unaware  that  they  are 
being 'poisoned.'  Many  trustworthy  observers  have  found  copper  as  n  normal 
conatituent  in  the  human  body.  That  the  consumption  of  vegetables  which  have 
been  treated  with  copper  to  preserve  theii  natur&l  green  is  petftctly  hmnleaa  ha* 
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been  pToved  beyond  all  doubt,  not  only  bj  such  experimeDte  as  that  of  Galiope, 
who  for  fourteen  months  took  copper  with  hie  food  daily  -without  any  ill  affect, 
and  the  classic  experiments  of  Lehmann  and  bis  pupils  on  themselveB  for  many 
months ;  but  by  the  infinitely  larger  eiperiments  made  yearly  by  tboueands  of  tb'a 
public  who  coQBume  coppei  in  some  form  or  other  in  artiticially  coppered  Teg^tables, 
and  in  their  flour,  fruit,  various  kinds  of  flesh,  oysters,  crabs,  wines,  minersl 
waters,  &c. '  coppered '  br  nature.  Not  one  cBse  of  injury  to  health  under  such 
circumstnncea  lias  ever  been  brought  forward,  even  in  prosecutions  for  selling 
'  coppered '  peas  as  being  '  injurious  to  health  I '  The  charge  is  supported  by  tbe 
all^ation  '  copper  is  a  poison.'  But  people  who  eat  '  coppered '  vegetables  do  not 
coDsume  '  copper.'  The  cheqiical  compound  of  copper  they  swallow  is  not  copper 
at  all,  and  they  are  not  injured.  Even  verdigris,  so  much  feared,  is  not  all  the 
dangerous  substance  alleged.  Copper  utensils  are  quite  harmless  with  ordinary 
cleanliness.  The  alleged  'poisonings'  by  food  cooked  in  copper  vessels  bai'e 
tmdouhtedly  been  mostly,  if  not  all,  due  to  ptomaina-poiBonitig.  Ckipper  has  been 
known  and  used  longer  than  any  other  metal,  and  in  its  alloys  is  the  most  generally 
used  of  all  metallic  substances.  It  has  been  in  use  from  prehistoric  times,  and  its 
dangers,  if  they  existed,  must  have  been  known  to  the  ancient  and  modem  world. 
Vet  the  anraents  are  absolutely  silent,  ou  the  subject,  and  among  modems  only  a 
few,  olmoot  entirely  analysts,  declaim  to  an  incredulous  public  as  to  dangers  which 
have  not  been  realised.  The  alleged  fraud  in  so-called  '  greening'  of  vegetables  is 
purely  imaginary.  The  copper  does  not  'itreen'  old  peas  or  make  them  look 
young.  Old  yellow  peas  when  '  coppered '  still  look  old  and  yellow.  The  quantity 
of  the  copper  compound  present  in  the  amount  of  artificial!;  treated  vegetables 
which  is  occasionally  eaten  at  a  meal  is  only  a  fraction  of  the  corredponding 
amount  of  copper  sulphate  which  phyaidans  prescribe  to  be  taken  three  times  a 
day  for  weeks  and  months  continuously.  Therefore  there  is  no  sulScient  ground 
for  the  prohibition  of  the  sale  of  '  coppered  *  vegetables,  any  more  than  of  the 
iunmnerable  kinds  of  fruits,  vegetables,  Bhsll-fish,  cereals,  mineral  wateia,  wines, 
and  animal  flesh  which  naturally  contain  the  metal  in  some  form.  If  the  latter 
drastic  arrangement  were  attempted,  absolute  and  general  starvation  would  be  the 
inevitable  result,  so  widely  is  the  natural  presence  of  copper  in  articles  of  food 
extended. 


C.  Interim  Sepori  on  the  Continuaticm  of  the  Bihliography  of 
Spectroecopy, — See  Reports,  p.  150. 


7.  Eeporl  on  Preparing  a  New  Series  of  Wave-length  Tahlea 
of  lite  Spectra  of  the  JE'femente.— See  Reports,  p.  193- 


FRIDAY,  SEPTEMSEIt  7. 

The  following  Papers  and  Beports  were  read  !— 

1.  The  Specif  e  Heat  of  Gaaei  at  Temperatureg  up  to  400°  C. 
By  H.  B.  DiiON,  F.R.S.,  and  F.  W.  Eiso-V,  B-Sc. 

The  authors  have  found  that  the  specific  best  of  gases  between  16°  0.  end 
4SXf  C.  may  be  directly  measured  by  heating  the  gas  (under  pressure)  in  a  thin 
steel  cylinder  and  dropping  it  into  o.  water  calorimeter.  A  repetition  of  the 
experiment  with  the  steel  cylinder  empty  makes  the  method  a  differential  one, 
eliminating  most  of  tht;  experimental  error. 

The  specific  heat  of  CO,  at  constant  volume  has  been  thus  measured  between 
16°  and  116°  C,  193°  0.,  298'  C,  and  808°  C,  The  specific  heat  obtained  at 
116°  agrees  closely  with  that  obtained  by  Joly  under  nearly  aimilai  conditions. 


The  specific  heat  of  00,  is  found  to  rise  regularly  with  the  temperature.     Vari»- 
tionB  m  the  pressure  of  the  gas  produce  slight  TBriatious  in  the  specific  heat. 

The  followinir  Talues  have  b*eii  obtained  by  reducing  the  observed  Talues  by 
means  of  Joly's  formula  to  the  same  pressure : — 


7»B-  31"  •'MSi 

398°  21"  -3566 

The  authors  propose  to  determine  the  specific  heat  of  nitrogen  and  of  ai^on 
under  the  same  conditiona  with  the  same  apparatus. 

2.  Interim  Report  on  tlte  Mature  ofAlloyi. 


3.  Report  on  llie  Chemical  Compounds  contained  in  Alloy t. 
Neville,  F.Ji.fy. — See  Reports,  p.  131. 


i.  On  the  Mutual   Jielationt  of  Iron,    Phosphorus,    and   Carbon    when 
together  in  Coat  Iron  and  Uteel.     By  J,  E.  Stead. 


5.  Tlie  Crystalline Structuri:  o/Metah}  By  3.  A.EwiNO,  F.R.S.,  Prqfexaor 
of  Mec/ianisni  ajid  Applied  Mechanics  in  Hie  University  of  Cambridge  ; 
and  Walter  Bosenhain,  B.A.,  St.  John's  College,  Cambridge,  1851 
Exhibition  Commissioner's  Research  Scholar,  University  of  Melbourne. 

The  paper  describes  the  results  arrived  at  by  the  authors  in  investi^ting  the 
effects  produced  upon  the  micro-structure  of  metals  by  (1)  plaatic  strain,  and  by 
(2)  exposure  of  strained  metal  to  moderate  temperatures.  An«r  describing  and 
illuBtrating  the  well-known  characteristics  of  crystalline  structure  in  met^  as 
revealed  by  the  microscope,  the  authors  show  tbaC  plastic  strain  is  accompanied 
by  the  appearance  of  minute  steps  on  a  surface  of  the  metal  which  had  been  plane 
polished  before  the  application  of  the  Etrain.  When  viewed  under  the  micrgscope 
these  steps  appear  as  black  lines  under  normally  incident  light,  but  they  appear  as 
bright  bonds  when  oblique  light  of  suitable  incidence  is  m^.  Their  observations 
lead  the  authors  to  conclude  that  metals  yield  under  plastic  etrain  by  the  slipping 
of  the  component  parts  of  each  crystal  along  definite  cleavage  or  gliding  plane. 
The  Steps  in  the  surface  being  a  consequence  of  these  slips,  the  authors  have  called 
them 'uip-bands.'  Further  evidence  leads  the  authors  to  conclude  that  plastic 
strain  in  metals  occure  without  loss  of  crystaUiiie  character,  the  crystals  as  n  whole 
accommodating  themselves  to  new  ehapea  and  positions  by  the  slipping  of  their 
elements,  with  the  result  that  the  crystalline  structure  is  preserved  even  when  the 
material  as  a  whole  undergoes  much  deformalidn. 

The  use  of  slip-bands  as  a  means  of  microscopic  observation  is  also  described 
and  illustrated,  more  particularly  with  reference  to  the  occurrence  and  formation 
of  twin-crystals  in  copper,  gold,  nickel,  lead,  and  other  metals.  Slip-bands  are  alw 
illustrated  in  various  Kinds  of  iron  and  steel,  nickel,  line,  tin,  cadmium,]ead,  silver, 

Sold,  bismuth,  and  some  alloys,  the  magnifications  varying  from  40  to  1,000 
iameters. 
'  For  other  accounts  of  thece  researches  see  papers  by  the  same  authors,  Fref. 
Rev.  Sm.,  March  IG  and  May  IB,  189»,  May  31,  1300,  and  Phil.  Tram.,-rol.  i,  IBOO, 
nad  vol.  A,  1901. 
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The  second  part  of  the  paper  deds  with  the  efTects  of  moderate  temperatures 

Jap  to  300°  0.)  OD  such  metals  as  lead,  zinc,  tio,  aiid  cadmiam.  The  authors  have 
mad  that  when  these  metals  are  subjected  to  a  very  avvere  plastic  atriin  the 
original  large  crystals  are  broken  up  into  much  smaller  ones,  without,  however, 
destroying'  their  truly  cryBtolline  nature.  They  have  further  found  that  when  so 
treated  these  metAls  readily  lecrystallliie.  In  the  case  of  severely  strained  lead 
they  hare  shown  that  even  at  the  ordinary  temprature  of  a  room  gradual  recrys- 
talliMtion  can  be  observed  in  the  course  of  seveml  months,  while  at  higher  tem- 
peratures the  changes  are  much  more  rapid.  A  freshly  strained  specimen  exposed 
to  200"  C.  was  found  to  recrystalliae  in  a  few  minutes.  It  was  also  found  that 
severe  plastic  strain  is  essential  to  such  recrystaUisation,  and  that  minute  crystals 
obtained  by  chilling  the  metal  in  casting  are  not  capable  of  recry stall isation  at 
such  moderate  temperatures.  Closer  obaervntion  has  shown  that  this  recryetaUisa- 
tion  of  strained  metal  takes  place  by  the  growth  of  CPrtain  of  the  minute  crystals 
at  the  expeiise  of  their  neighbours;  individual  crystals  have  been  observed  to 
grow  nntil  they  were  many  hundreds  of  times  larger  than  their  neighbours. 

The  final  section  of  the  paper  deals  with  a  theory  which  one  of  the  authors 
(W.  RoBenboio)  bos  advanced  as  an  explanation  of  thew  phenotnena  of  annealing. 
According  to  this  view,  which  both  autuors  believe  to  bs  correct,  the  metallic  im- 
parities present  in  the  metal,  and  forming  with  it  eutectic  alleys,  pkr  an  essential 
part  in  tnese  actions.  In  the  ordinary  crystallisation  of  the  metal  these  eutectics 
form  thin  films  of  intercrystftUine  cement,  and,  according  to  the  theorr  of  the 
authors,  the  growth  of  one  cryntal  at  the  expense  of  its  neighbour  occurs  by  means 
of  solution  in  and  diffusion  through  the  enlectic  films  of  the  metal  constituting  the 
crystals.  Evidence  is  adduced  to  show  that  such  diffusion  would  be  greater  in  one 
direction  than  the  other,  and  to  support  the  authors'  belief  that  the  action  may  be 
electrolytic.  As  a  consequence  of  this  theory  the  authors  were  led  to  make 
experiments  on  the  cold  welding  of  lead,  and  they  have  found  that,  as  the  theory 
would  indicate,  a  weld  between  clean  surfaces  of  lead  is  a  barrier  to  crystalline 
growth,  bnt  that  such  growth  readily  crosses  a  neld  into  which  a  small  amount  of 
a  suitable  metallic  impurity  had  been  introduced.  The  authors  believe  that  these 
experiments  strongly  support  their  '  solution  theory '  of  annealing. 


6.  On  the  Electric  Conductivily  oftke  Alloys  of  Iron. 
By  Professor  W.  F.  B.\rkett,  F.B.S. 

7,  Some  new  Chemical  Compourvh  discovered  by  tlte  Use  of  Uie 
Electric  Furnace.     By  C.  S.  Bbadlbi. 

These  chemical  compounds,  which  were  discovered  and  examined  by  Sir.  Charles 
B.  Jacobs,  of  New  York,  consist  of  the  alkaline  earth  silicides  of  calcium,  barium, 
or  atri^tiunt;  1^  a  secondary  step  silico- acetylene  is  obtained. 

The}'  have  the  formula  CaSi,,  BaSi,,  and  SrSi,  respectively,  and  are  the  silicon 
analogues  of  the  alkaline  earth  carbides,  while  the  silico -acetylene  is  the  analogue 
of  acetjlene  having  the  formula  Si^Ug  when  the  carbonates  or  oxides  of  the 
alkaline  qatths  are  mixed  with  silica  in  the  form  of  ground  qaartz  or  sand,  in 
which  thei  relative  atomic  proportion  of  the  slkaline  earth  metal  to  the  silicon  in 
the  mixtuvp  is  aa  1  is  to  2,  and  sufficient  carbon  to  etTect  the  reduction  is  added,  or, 
when  silicatca  of  the  alkaline  earth  metuls  in  which  the  atomic  relation  of  the 
earth  metal  t«  the  silicon  is  as  1  to  3,  are  mixed  with  sufficient  carbon  to  take  up 
the  oxygen  of  the  compounds  present,  and  heated  in  the  electric  furnace  under 
conditions  substantially  like  those  maintained  in  the  manufacture  of  alkaline  earth 
carbides,  sUicides  of  the  alkaline  earth  metals  result. 

As  an  example  of  the  process  the  following  reactions  for  the  fottnatiou  of 
barium  silicide  from  the  banum  compounds  are  given  : — 

(1)  BaCO,  +  2SiO,  +  6C=BaSi,  +  7CX) 

(2)  BaO  +  2  SiOs  +  60  -  BaSij  +  5  CO 
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Calcium  and  BtroDtium  silicidea  are  formed  by  eikctlj  Himtlu-  reactions  from 
■imiUr  compounda.  Tliey  are  white  or  bluiah-whita  aubatADceB  of  metallic  appear- 
Boce,  and  also  resemble  aLuminiura  eilicide  and  silicon  somewhat  in  appearance. 

They  poaasM  a  distinctly  cryatalline  fractore,  showing  plat«-like  crystals  Tory 
similar  to  those  aeen  in  the  fracture  of  cut  zinc,  the  crystals  bong,  however,  some- 
what smaller  in  size. 

They  oxidise  slowly  in  the  air  and  more  rapidly  under  the  influence  of  beat, 
yielding  silicon  dioxide  and  the  oxide  of  the  alkaline  earth  metals  present.  like 
the  csrHdee  they  decompose  with  water,  but  yield,  instead  of  acetylene,  h^drt^en 
in  a  pore  state,  which  ia  evolved  without  explosion,  the  following  being  the 
reaction ; — 

<1)  CaSi,  +  6H,0=Ca(OH),  +  2SiO,  +  10H 
(2>  BaSi,  +  6  H,0  =  Ba  (OH),  +  2  SiO.  +  lOH 
(3)  SrSij  +  6  H,0  -  Sr  (OH)j  +  2  SiO,  +  lOH 

Tbo  calcium  compound  dissolves  slowly  in  cold  water,  but  more  ra{ddly  in  hot 

water;  the  barium  compound  decomposes  rapidly  ii 

The  atrootium  compound  dissolTee  more  rapidly  in 
not  BO  rapidly  as  the  barium  compound. 

It  will  be  noticed  by  considering'  the  equations  1,  2  and  3,  that  all  of  these 
compounds  evolve  laige  Tolumes  of  hydrogen  : — 

1  lb.  CaSi,  producing  -1(M  lb.  or  18-7.^  cubic  fl.  hydrogen 
lib.  BaSi,        „         -Orillb.  or    B-15        „  „ 

lib.  SrSi,         „        -Ofigib.  or  ISaG        „  „ 

at  0°  C.  and  760  ram. 

Caldum  ailidde,  when  treated  with  dilute  acids,  either  the  oxy-acids  or  the 
hydrogen  acids,  gives  rise  to  the  formation  of  a  new  compound  which  has  the 
formula  Si,H,  and  is  tlierefore  the  silicon  analogue  of  acetylene  C,B,  and  must  be 
called  ailico-acetylene  since  it  bears  the  same  relation  to  ail ico -methane  (silicon 
hydride)  SiH^  aa  acetylene  bears  to  methane  CH^.  The  reaction  being 
CaSi,  +  2  nCl  -  CaCI,  -t  Si,II, 

Silico-acetyiene  is  a  yellow  crystttlline  compound  and  differs  in  properties  from  tfae 
compound  Sill,  which  Ogier  obtained  by  (iparking  Sill,  which  was  unstable  and 
exploded  when  subjected  to  a  shock,  Si.jH,  being  stable  or  non-eiploaive  at 
ordinary  temperatures. 

When  treated  with  20  per  cent,  aolution  of  caustic  soda  or  jpotoah,  Si,Hj 
yields  hydrogen  according  to  the  following  equation : — 

SijIIj  +  4  NaOil  +  2  HjO  =  2  Na,  SiOj  + 1  OH 

Heated  in  air  this  compound  Si^TI,  oxidises  rapidly,  giving  2  SiO,  H,0,  and 
when  heated  in  a  closed  tube  it  breaks  down  into  amorphous  silicon  and  free 
hydrogen.  Strontium  ailicide  when  treated  with  n  strong  acid  does  not  produce 
silioo-acelylene  with  the  same  facility,  while  the  borium  compound  when  bo  treated 
produces  a  mixture  of  gaseous  compounds  and  free  hydrogen.  These  silicides  con 
be  produced  at  low  cost  where  electric  power  is  cheap,  are  very  powerful  reducing 
agents,  and  we  hope  will  find  large  use  in  Ihn  dye  industries.  Some  experimeota 
have  been  tried  on  molten  steel  carrying  phosphorus  and  sulphur,  and  the  requisita 
quantity  of  silicide  of  barium  or  caldum  completely  removed  these  impurities  as 
well  as  all  oxygen  present. 


8.  Seport  on  the  Electrolytic  Methods  of  QuaTttUative  Analysig. 
See  Reports,  p.  171. 
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MOXDA  Y,  SBPTEUBER  10. 

The  following  Papers  and  Beporta  were  read : — 

1.  Derivaiivea  of  Methyl -furfurd-.     B>j  HE-lBr  J.  HonsTSlAS  Fbstos, 
F.S.S.,  and  Misa  Mildred  Gostlino,  B.Sc. 

The  authors  liuve  previoiuly  shown  that  an  intense  purple  colour  rsault^  when 
laeuloae,  cane  aigar,  sorbose,  or  imilin  is  acted  upon  by  dry  hydrogen  bromide  in 
ethereal  solution.  The  colour-f^ivin)^  aubstaace  was  isolated  !□  a  cryatalline  state 
sod  waa  ahowa  to  be  bromo-methyl'fiirfnral,  its  fonaation  beinf^  cbaracteriatic  of 
ketobesoses,  or  aubstaoces  wliicb  ^ield  them  on  hydrolyeis.  This  substance  is  now 
the  subject  of  further  iovestigatioD,  and  the  following  results  have  bo  far  been 
obtained. 

When  acted  upon  by  stannous  chloride  in  ai^id  eolation  the  bromine  is  easily 
replaced  by  hydrogen,  and  the  resulting  liquid  is  identical  in  ever;  way  with 
3  methTl-furTural ;  so  that  the  reaction  afibrds  bj  far  the  simplest  method  for  the 
preparation  of  the  latter  suhetance  in  a  pure  state. 

The  bromo -compound,  when  dissolved  in  appropriate  solvenbi,  readily  reacts 
with  various  silver  salts,  giving  rise  of^en  to  beautifully  crystalline  compounds ; 
the  acetoxT-  and  benKOiy-derivatives  have,  for  eiample,  besu  prepared  and 
analjsed.  By  the  action  of  sulphurous  acid,  these,  like  the  parent  componnd, 
yield  the  remarkable  condensation  product;  C,jfI,Oj,  which  gives  beautiful  colour- 
reactions  with  caustic  alkalis  and  with  aDiline.  This  condenaation-product  has 
also  been  further  studied,  and  the  results  so  far  favour  the  author's  orifiiiial 
suggestion  that  it  is  a  dicarbooyl  compoaad. 


2.  A  Simple  Melltnd  for  comparing  the  '  AJinilies'  of  certain  Acidg.  By 
Hbsby  .7,  HoMTMAs  Fbnton,  F.R.S.,  and  Humpdret  Owen  Jones, 
B.A.,  B.Sc. 

In  a  former  communication'  the  authors  have  dcacrii>ed  the  isolation  and 
properties  of  hta  ozalacetio  acid,  and  several  interesting  reactions  of  this  acid  are 
uow  being  investigated.  During  a  more  extended  study  of  the  kydraatne  the 
following  somewhat  remarkable  behaviour  baa  been  observed.  Heated  with  dilute 
sulphuric  acid  it  is  transformed,  u  was  previously  shown  ,^  into  Wislicenus's  pbenyl- 
pvraiolon  carboiylic  acid  (C^^^^.,0^  -  0,oH,N,Oj  +  H,0) ;  but  in  order  that  this 
change  may  be  complete  it  ia  now  found  that  a  certain  minimum  concentradoD  of 
the  acid  is  necessary.  When  bested  with  pure  water  an  entirely  different  result 
is  obtained:  carbon  dioxide  is  evolved,  and  the  hydrazone  ai  pyruvic  acid  separates 
in  the  crystalline  state— CioSmNjO,  -  CoHjoNjO,  +  CO.,  If  the  concentration  of 
the  acid  falls  below  this  necesMry  minimum  both  reactions  occur  simultaneoosly, 
even  though  the  acid  is  present  in  e\ceto ;  with  decinormal  sulpliuric  acid, 
for  example,  about  L>Q  per  cent,  undergoes  the  second  change.  A  preliminary  set 
of  obearvationa  has  been  made  with  the  following  acids,  u^n^  deciuormal  solutions 
Mnd  meamuing  the  evolved  carbon  dioxide  in  a  spedally  constructed  apparatus — 
hydroc/iloric,  nitric,  tulpfiuric,  trichloracetic,  tartaric,v>alic,tuecimc,  citric,  acetic. 
The  results  obtained  indicate  that  the  amounts  of  carbon  dioxide  evolved  are  in 
the  iaverse  order  of  the  concentration  of  the  hydrogen  ions,  so  that  a  comparison 
can  be  made  of  tbe  relative  '  strengths '  or  '  atSnities '  of  the  acids.  The  order 
obtained  with  the  above  acids  agrees  remarliably  well  with  that  resulting  from 
the  other  well-establinhed  methods. 


.  Becetit  DevelopmenU  xn  Stereochemistry.     By  W.  J.  Popp. 

'  IVajw,  CTcV.  fiwT.,  77,  19CK).  ' 

>  Zee.  cit. 

n,,,-,-,--,;,  Google 


4.  The  Conttitution  of  CampJior.     By  A.  Lapwobth,  DSe. 
See  Reports,  p.  299. 


5.  The  Degradation  of  Camphor.     5y  Jclics  Bbedi. 


,  Th«  Camphor  QtietUon.     By  Frofesaor  OssiAS  Ascbax. 


7.  Report  on  iMtneric  Naphihalene  Derivatives. — See  Keports,  p.  297. 


,  Report  on  leomorp/ious  Derivatives  of  Benzene. — See  Reports,  p.  167. 


.  Report  on  tlie  Relatione  belit-een  t/ie  Absorption  Speetra  and  Chemical 
Constitution  of  Organic  Bodies. — See  Keports,  p.  151. 


10.  Action  of  Aluminium  Potrder  on  some  PftenoU  and  Aeidt, 

By  W.  R.  HODGKINSOH. 

11.  On  the  Direct  Preparation  of  il-Naphlhylamitie. 
By  Dr.  Lronhard  Lijipacb  and  W.  B,  Hodgkinson. 

On  nitrating  napbtbalene  in  tbe  n^ual  rnaunt 
ftUo  sn  appreciable  quantitj  of  tbe  3-(lerlratiT< 
by  obtaining  S-iiaph thy  1  amine. 

This  note  has,  of  course,  b  theoretical  interest  only,  as  0-naphthylaiiiine  can  so 
easily  be  obtained  from  ft-niipbthol  hy  ibo  Nil,  process  under  preasure." 

The  nitro-naphtlmleDe  obtained  by  direct  nitration  of  naphtliklene  is  reduced  in 
tbe  usual  way,  and  tlie  napbtbylamine  converted  into  the  HCl  salt.  The  hydro- 
chloride of  a-napbthylamine  is  comparatively  insoluble,  whilst  the  hydrochloride  of 
tbe  S-derivative  is  very  soluble.  This  allows  of  an  ea?y  fractionsl  crystaltisatioi), 
the  iQotber  liquors  containing  much  of  tbe  {3-EsJt.  A  ^od  method  of  Bepaiatioo 
consists  in  treating  these  mctber  liquors  with  potassium  hydrate  in  eicees  aad 
steam  diBtilling.  The  etenm  dislilkte,  after  becooiing  solid,  or  nearly  so,  is  dried 
bv  pressure  between  paper  or  ou  a  pump,  and  then  sublimed.  ;3-Naphtbylamine 
alone  sublunes,  and  can  in  this  manner  be  obtained  quite  pure,  of  melting  point 
113°,  and  boiling  point  304°.     It  sublimes  in  beautiful  pearly  plates. 

The  amount  of  d-"aph thy  1  amine  generally  contained  in  the  crude  naphtbylaoiuM 
seema  to  be  about  5  per  cent,  or  uuder..  ,  \ 

We  have  obtained  by  this  method  about  a  ^ilogl,  of  pure  ^-naphth jlimine  Iron 
technical  napbtbylamine  mother  liquors.  'i  i 


12.  Interaction  of  Fttr/nraldehyde  and  Caro's  Beagenl, 
By  C.  r.  CRosa,  E.  J.  Betas,  and  J.  F.  Ehiggs. 
In  a  previous  paper  -  it  was  shown  that  hydrogen  peroxide  reacted  with  furfiuml 
to  form  a  moaohydroity-furfuraldehyde  as  the  main  product,  with  simuItaDeoua 

'  Biebermann  {Ann.  133,  264)  also  obtained  ^-napblhylamine  direct,  bat  by  s 
somewhat  roundabout  process. 
"  Chtm  Soe.J.,liil'i,-p.7i1. 
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prodoction  of  tlie  correspoudiDg  carboxjlic  acid  in  small  quuifilj.  TLe  aab-itttut- 
lug  trroups  appear  to  occupj  tbe  ],  3  poeitiona  ia  the  Hcg. 

Tha  monohydroxy  furfural  U  identified,  by  ilB  very  cbaracteriBtic  reUtiona 
viilh  phiotoglucinol  and  resoruinal,  as  a  constituent  of  the  lignacelliiloses. 

Cnro'a  reHgent,  prepared  from  potaesLum  persulphate  and  sulphuric  acid, 
according'  to  thu  directions  of  Buejec  and  Villiger,'  reacts  under  similar  couditiouH 
in  a  different  manner.  In  the  first  place  the  reaction  appears  to  be  quantitative,  and 
when  the  furfural  has  taken  up  O,  a  trace  of  either  reogeuC  in  excess  persists. 
The  temperature  remaining  at  15-20°,  and  there  beinff  no  evolution  of  gas,  we  may 
expect  to  find  a  product  of  empirical  formula  CjH^O^,  and  as  the  aldehydic  group 
disappears  this  should  be  a  hjdropyromucic  acid.  From  the  isolation  and 
anuysis  of  a  crystalline  metbyl^henyl-bydFazide  we  confirm  the  product  aa  a 
monocar  boxy  lie  acid.  On  reduction  widi  sodium  amat^^am  an  aldehydic  product 
is  obtained  with  the  brilliant  colour  reactions  of  the  monohydroxyfurfnrals. 
Control  obserrations  on  pyromucic  acid  proved  that  this  acid  is  reduced  uader 
similaT  condilioDB  to  furfural. 

The  reactions  of  this  hydroxy  furfural,  though  similar  to  thoM  described  in  our 
previous  paper,  are  sufficiently  differentiated  to  indicate  that  we  have  obtuued  a 
second  isomeride.  Moreover,  the  corresponding  acids  are  differentiated,  tbe  one 
giving  Pb  and  Hi  salts,  insoluble  in  acetic  acid  ;  tbe  salts  of  tbe  new  acid  are 
soluble,  and,  moreover,  the  acid  underfioes  hydrolysis  with  such  ease  as  to  make  its 
isolation  ia  the  pure  state  a  matter  of  great  difficulty.  In  the  course  of  the  usual 
processes  for  isolating  the  Ba  and  Ca  salts,  decomposition  occurs,  and  the  crystalline 
salts  isolated  ere  those  of  a  dibasic  acid.  On  boiling  tbe  original  product  in 
solution  at  constant  volume,  formic  acid  distils  continuously  and  with  traces  only 
of  ctber  acids.  The  yield  of  formic  acid  amauuted  in  one  experiment  to  07  grm. 
per  1  grm.  of  original  furfural.  All  these  observatioos  indicate  that  the  original 
product  of  oxidation  is  the  acid  C.IIjO  .  (COOH)  (Oil)  1'4  .  .  .  .  A  characteristic 
reaction  of  this  original  acid  is  the  production  of  a  yellowish-red  precipitate  with 
ferric  chloride,  similur  to  that  obtained  with  pyromunic  anid. 

It  is  to  he  noted  thst  the  Caro  reagent  oxidises  the  constituent  of  the 
lignocelluloses,  which  gives  the  brilliant  colour  reactions  with  phenols  character- 
istic of  these  natural  products,  which  wo  know  to  be  a  hydroxy  furfural.  In  this 
respect  the  reagent  differs  from  the  oxidants  ordinarily  us«l  for  bleaching  purposes, 
».</.,  hypochlorites  and  permanganates. 

A  quantitative  experiment  nith  a  typical  aldose  (dextrose)  and  the  Cnro  rengent 
gave  a  somewhat  unexpected,  entirely  negative  result.  The  cupric  reduction 
(Fehling  solution)  was  unaflected. 

The  typical  ketose  Itevulose,  on  the  other  hand,  is  slowly  oxidised. 

All  of  these  matters  are  under  investigation. 


13.  On  tkc  Synliiesig  of  Ben^o-y-pyrott^. 
By  Dr.  S,  Bohbuans  and  H.  E.  Stapleton,  B.A.  {Oxon.) 
The  important  group  of  yellow  vegetable  dyes,  the  chief  ofwhich  are  chrysin, 
Ssetin,  and  moriD,  are  derived  primarily  from  a  phenyl  benio-y-pyroae — 
0 — C.Ph 
C,H,  CH 

\co/ 

Tbia  was  syntbetised  in  180S  by  Ko^taneclci,  but  the  mother  substance  itself, 

benzo^pyrone,  had  not,  up  to  the  middle  of  1900,  been  isolated.    The  authors 

succeeded  in  preparing  this  compound  from  pheno.^y-fumaric  acid — 

COOH . n  =  CH . COOH 

6.C,H, 
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This  Bcid  disaolTM  witli  evolution  of  heat  in  concentrated  sulpliaric  acid,  and  on 
dilating  the  solution  with  water  a  new  acid  is  precipitated  which  was  found  to  he 
benzo-y-pjTone  csrboxylic  acid — 

COOU .  C  =  Cn— CO 
i  I 

O  -       CgU. 

On  distillation  in  vacw)  this  broke  up  with  the  evolatioQ  of  carbon  dioxide,  and  a 
liquid  distilled  over  which  slowly  solidified.  It  crystallisod  from  a  mixture  of 
benzene  and  ligroin  in  flat  neadlea  which  meltud  at  tiif,  and  analysis  showed  it  to 
be  benio-y-pyroDs.  The  yellowish  solutinn  of  benzo-y-pyrone  in  concentiated 
sulphuric  acid  possesses  a  violet  Hue 


14.  On  the  CotitbiTtalion  of  Thioplttnol  and  Guaiaeot  with  the  Ssftrt  of 

l7ui  Aoidt  of  t!t«  Acelyleiie  Seriei.     By  Dr.  S.  Rubeuaxit  and  H.  E. 

Sr-iPLETON,  B.A.  ipxon.) 

In  this  paper  an  account  is  ^ven  of  the  contini<ation  of  prsTious  work  on  the 
eomUnation  of  phenols  with  the  esters  of  the  scetyletie  acids.  The  authors  were 
induced  to  study  the  action  of  thiophenal  on  these  esters  in  the  hope  of  findin;^  n 
new  method  of  preparing  thioacetophenone,  whilst  the  inrestififation  of  gusiaeol 
was  taken  up,  as  no  derivatiiTe  of  a  dtliydric  phenol  had  previously  been  worked 
with. 

During  the  progress  of  the  research  Tarioua  new  derivatives  of  thiophenyl- 
rannamic,  fumaric,  and  succinic  ncids  were  discovered,  but  it  was  found  that 
tbiophenyl  styrene 

c.ir^ .  c  -  cii, . 

I 

S.C„IIj 
on  boiling  with  dilute    mineral  acids  is    decomposed  into  acetophenone    and 
biopheuol,  and  not  into  thioacetophenone  and  phenol,  as  bad  been  expected. 

Quaiacol  was  found  to  combine  readily  with  phenyl  propiolic  ester  ^  guaiacolyl 
cinnamic  acid  and  its  ester  were  prepared,  ana  it  was  found  that  tbs  acid  on 
heating  auanlitatirely  decomposed  into  carbon  dioxide  and  guaiacolyl  ityreoe — 
C.Hj .  C  -  CH, 
I 

o.CgH^o.ce, 

From  the  latter  nuneral  acids  regenerated  guaiacol,  with  the  additional  formation 
of  acetophenone.  

IB,  Chhrination  of  Arotnalifi  Hydrocarhont, 
Sy  H.  D.  Dakin  aiid  J.  B.  Cohen,  PKU. 


TUESDAY,  SEPTEifBBB  11. 
Ths  Section  was  divided  into  two  Departments. 


The  following  Papers  were  read: — 

DxPARTJIEyi    I. 

1,  On  is6rM  Bictnf.  Work  on  the  Pi^u'didn  6/Gasii  diid  Li^«i 
By  Horace  T.  Brows,  F.R.S. 
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2.  On  Secant  Developmentt  in  the  TexiUe  InduttrUt. 
By  Dr.  A.  Liebhamit. 


3.  Ii^uence  of  Pretsure  on  the  Formation  of  Oceanic  Salt  Depontg. 
By  H.  M.  Dawbon,  Ph.D.,  B.Sc. 

The  pres0Ut  paper  forms  one  of  >  sfltJBs  of  mvestifratioiiB  carried  out  widi  a 
Tiev  of  abtainiiig  infarmation  in  regard  to  the  conditions  of  formation  of  the 
BtaAsfurt  depoaits. 

In  prerious  papera  (van 't  Hoff  and  pupils)  the  iaothermal  equilibrium  relation- 
aliips  of  salts  occurring  in  sea-irater  and  the  influence  of  temperature  on  these 
has  been  inTastigated.     This  paper  deals  with  the  inQuence  of  pressure. 

One  of  the  last  phases  of  salt  deposition  in  the  Slasafurt  layer  is  represented 
t)7  tBcbhjdrit«  (OaCl,  tiMKClj  121^0) ;  experiment  shows  that  this  separatee 
from  solutJoDs  of  the  nuxed  chloride  of  Ca  and  Mg  if  the  temperature  ezceeda 
22°-4  C. 

Below  32°'4  C.  a  mixture  of  the  simple  salts  sepaTates,  but  no  tachhjdrite.  If 
the  mixed  cUorides  be  healed  in  the  solid  condition,  then  at  22°'4  C.  water  ia 
split  olV  and  tachhjdrite  ia  formed. 

The  influence  of  pressure  on  the  temperature  of  formation  of  this  double  salt 
has  bcea  atudied. 

Careful  determinations  by  the  thermometric  method  show  that  under  atmo- 
apheric  pressure  this  temperature  is  22°-400  C. 

Bj  msana  of  the  manokryometer  the  temperature  of  formation  under  higher 
press nres  was  determined. 

The  mean  result  of  this  direct  determination  of  the  influence  of  pressure  is 
that  for  an  increase  of  lOU  atmospheres  the  temperature  of  formation  is  raised 
l''-63  C. 

Another  and  indirect  determination  is  possible  by  applying  the  formula  of 
Thomeon  for  the  influence  of  pressure  on  the  meltinp;  point  t(j  the  transition 
temperature  at  which  calcium  chloride,  magnesium  chloride,  tachhydrite,  and 
aaturnted  aolution  are  in  equilibrium.    From  the 'formula  in  question,  viz., 

<rr_1033-.3(r,-i;,) 
tfjt'       iiiCUOg      ' 

the  determination  of  -     only  involres  the  knowledge  of  tbe  change  of  volnme  led 
the  heat  change  accompanying  the  reaction,  which  takes  place  according  to 
OMgCI,CH,0+  1188CaOlj6H,0 


The  estimation  of  (d,  -  d,)  and  of  g  from  a  series  of  experiments  and  substitu* 

tion  in  the  thermodynamic  formula  gives  for  —    the  value  -0136°  C.    In  other 

dp 
words,  100  Btmospberes  would  Tai»e  the  temperature  of  formation  FSo  C. 

Both  results  snow  that  the  iulluence  of  prefisure  on   the  sejiaration  of  salts 
from  solution  is  very  smalt  in  comparison  with  the  influence  of  temperature. 

On  thermodynamic  Rroiinds  it  can  be  shown  that  the  influence  of  presMiire  on 
tempprnture  di«Qpl<cement  in  the  case  of  other  Halts  must   be  of  the  sume  urder  nf 


magnitude  as  that  found  in  thi:  cos"  «i'  techhyilr 
The   r  ■ 


!   fact  that  certain   Slas^lurt  ^BIla   {e.g.,  Kieserte,   Kaiiiite,  Liiweite  and 
LangbeiniteJ  ara  not  deposited  on  evaporation   of  sea-water    at    a   constant 
1900.  z  £  S^-^ 
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temperature  of  21?  C.  cannot  be  attributed  to  the  bfluenoe  of  the  prelBUTc  whick 
I1B8  existed  during  the  natural  salt  deposition,  but  muat  be  accounted  for  bj 
tba  prevalence  of  higher  temperatures.  The  presence  o(  these  ealts  in  tlie 
Stassfurt  layer  enables  us,  in  fsct,  to  draw  concluriona  in  regard  to  the  tempen- 
turea  which  existed  during  the  salt  deposition. 


4.  On  tht  Setuiliveneag  of  Meiallie  Stiver  to  Light. 
By  Major-General  J.  Waterhouse,  I.S.C. 

The  paper  is  a  continuation  of  that  read  before  tbe  Rojal  Society  on  May  31, 
and  contains  an  account  o(  further  experiments  on  the  production  of  visible 
photographic  images  upon  plain  silver  sunacea  by  the  action  of  solar  radiations. 

The  author  has  found  that  such  visible  images  are  fonned  when  pure  silver 
foils  or  ulvered  glass  are  exposed  to  sunlight  in  exhausted  glass  tube?,  and, 
apparentlj,  more  readilj  in  the  presence  of  watery  vapour.  Invi^ble,  but  develop* 
able,  images  were  readily  obtamed  in  exhausted  tubes  in  which  no  signs  of  tbe 
presence  of  moisture  were  apparent.  By  prolonged  eiposure  a  visible  change 
also  takes  place. 

"When  t/iin  films  of  ailver  on  gloss  have  been  fully  exposed  in  sunlight  tbe 
action  has  been  found  to  penetrate  the  film  and  produce  a  distinctly  visible  ima^ 
at  the  back  as  well  as  on  the  lace,  the  exposed  parts  appearing  always  lighter  than 
the  unexposed. 

Fresh  experiments  with  silver  plates  used  as  anode  and  cathode  in  a  decom- 
position cell  containing  distilled  water,  through  wbich  a  weak  current  was  allowed 
to  pass,  showed  that  the  pale  grey  deposit  on  the  cathode  and  the  dark  olire 

J'ellow  coating  on  tbe  aniide  were  both  quite  sensitive  to  li;^ht,  and  appeared 
ighter  by  exposure,  in  a  lusnoer  somewhat  analogous  to  that  observed  on  silvered 
glass  or  plain  silver  foils  exposed  to  light. 

It  was  noticed  that  the  visible  images  were  not  dissolved  away  either  by  tbe 
usual  photographic  fixing  agents  or  by  dilute  nitric  acid. 

A  very  curious  action  of  light  upon  glass  has  also  been  observed.  In  this 
case  a  silvered  glass  plate  was  exposed  for  about  a  month  under  a  cut-out  scrven 
of  thin  aluminium,  the  unsilvored  side  of  the  glass  being  in  contact  with  the 
aluminium  and  not  protected  from  the  air  by  a  covering  gloss  plate.  After 
exposure  the  plate  was  put  aside  for  a  few  days  with  the  exposed  glass  side  in 
contact  with  the  silvered  surface  of  another  piece  of  polished  silvered  glass,  which 
was  then  found  to  have  received  an  impressed  image  from  the  glass  of  tbe  design 
cut  out  of  the  aluminium  screen.  'I'he  image  was  quite  ■visible,  clear  and  sharp, 
and  Bomenhat  similar  to  tbe  imnges  directly  impressed  by  light,  though  it  had  not 
the  same  appearance  of  being  bleached  out,  when  examined  by  reuected  light. 
Several  days  afterwnrds  a  second  similar  image  was  produced  in  the  same  way  by 
contact  with  the  glass  upon  another  freshly  polished  silvered  glass  plate,  and  no 
doubt  several  more  could  be  produced  in  the  same  way. 

These  new  experiments  seem  to  show  that  the  images  formed  by  the  action  of 
light  upon  plain  silver  surfaces  are  due  more  to  molecular  or  physical  changes  than 
to  chemical  decomposition,  though  the  latter  may  also  probably  come  iuto  play  in 
the  presence  of  watery  vapour,  or  other  conditions  favouriitgoxiaation  and  reouction 
of  the  metallic  surface.    The  author  is  continuing  the  investigation. 


B.  Som^  Thougkle  on  Atomic  WnighU  and  the  Periodic  Lair. 
By  3.  H.  Gladstone,  D.Sc,  F.H.i'ii.,  aiui  George  Gladstone. 

Tbe  object  of  this  paper  was  to  recall  attention  to  a  suggcstiou  made  during  the 
discussion  of  apaper by  Professor  Dumasat  the  meeting  orihe  Association  at  Ipawich 
in  1851,  viz.,  that  tho  case  of 'triads' of  analogous  elements  sbowed  a  resemblance 
to  the  progression  in  a  series  of  organic  compounds,  and  might  he  due  to  a  similar 
cause.  It  was  shown  that  tbe  difference  in  atomic  weight  between  the  horiionl^l 
lines  m  Mendeljcff's  arrangement  is  in  tbe  flret  instance  1^  wbich  afterwards 
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chEUgea  to  about  SO,  and  ultimatelr  to  about  24,  But  this  mcrement  is 
reallj  arrived  at  bj  8  Btepa,  giving  in  tbe  first  instance  an  averoge  of  2'0  for  eaeb 
element ;  in  point  of  fact,  howevsr,  tbe  increments  are  not  legulsr,  b^ng  for  the 
first  line,  and  etarting  with  lithium,  2-1,  I'O,  I'0, 2-0, 20,  30,  and  tben  4-0  for  two 
steps,  the  inteiraediate  one  being  unknomi.  Thb  departure  from  regularity  in  tbe 
incremeot  seems  to  show  that  it  is  of  a  compound  nature ;  that  the  original 
substance  may  run  through  tbe  whole  series,  but  be  modified  by  small  quantitiefi 
of  one  or  more  additional  substances.  This  would  seem  to  explain  not  only  the 
slight  irregularities,  but  bow  our  place  in  MendeljelTs  tirrangementmay  be  occupied 
by  two  or  more  elements  which  closely  resemble  one  another,  but  difier  very 
slightly  in  atomic  weig;bt  or  in  other  properties,  such  as  the  iron  group,  the  plati- 
num group,  the  two  didymiums,  and  the  metals  associated  with  yttrium.  On  this 
supposition  the  elements  having  high  atomic  weights  may  be  expected  to  be  leas 
tegular  than  is  the  case  in  the  earlier  part  of  the  eeiies. 


6.  The  Etatiitg  and  Lighting  Power  of  Coal  Gas. 
By  T.  Pairley,  FJt.S.S.,  F.I.C. 

The  author  pointed  out  tbe  importance  of  knowing  tlie  heating  power  of  gas 
as  well  as  the  lighting  power,  now  that  it  is  so  largely  used  for  beating  and 
engine  purposes. 

Coal  gas  is  a  complex  mixture  consis^og  cbieUy  of  marsh  gas  nod  hydrogen 
with  small  quantities  of  heavy  hydrocBTbous,  oxides  of  carbon,  aqueous  vapour, 
nitrogen.  &c.  The  first  two  control  mainly  the  heating  value,  and  the  heavy 
hydrocarbons  tbe  lighting  value  in  ordinary  burners.  Incandescent  gas-burners 
are  not  considered  in  this  paper. 

That  heavy  hydrocarbon  vapours  raise  tbe  lighting  more  than  the  heating 
power,  explaina  why  carburetted  water-gas  bos  a  less  heating  value  tban  ordinary 
coal-gas  of  the  same  lighting  power.  Air  or  nitrogen  drawn  into  gas  lowers  iha 
lighting  power  more  than  the  heating  power. 

In  gas  made  from  one  kind  of  coal  the  calorimeter  may  be  worked  constantly 
so  as  to  watch  tbe  gas  in  place  of  the  jet  photometer. 

The  author  referred  to  the  various  calorimeters  invented,  and  gave  directions 
for  securing  accuracy.  Finally  he  gave  a  table  of  avprsge  results  showing  the 
healing  power  of  gas  of  different  lighting  power. 
Lighting  pover,  Heating  pover,  Poimds  I  Lighting  power,  Heating  Power.  Pounds 
Slondoid  candles.  oC  vat«r  heated  1°  F.  Standud  candles.  o(  water  heated  1°  F. 
by  1  cable  toot  o(  gun.  by  1  cubic  foot  of  gas. 

11  SaS  '  IB  C21 

12  65n  I  ifi  r,is 


On  Smoke.     By  J.  B.  ConES,  Ph.D. 


Bepartubnt  II. 


1 .  Bradford  Setcage  and  its  Trealmenf. 
By  P,  W.  K1CHARD8ON,  F.I.C.,  tite  Bradford  City  Analyst. 
In  times  of  normal  trade  over  twenty  tons  of  wool-grease  come  every  weekday 
into  the  city's  sewers.  Wool-suds  and  effluents,  in  addition  to  grease,  contain 
enormous  amounts  of  nitrogenous  impurities;  thus  it  is  that  Sradl'ord  sewage  is 
one  of  the  very  worst  sewages  iu  the  kingdom.  Of  the  daily  d:7-weather  flow  of 
twelve  million,  gallons  of  lewage  ona  and  a  quarter  milliona  consist  of  woolcombers 

zz2 
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euds  snd  cfHueiits  nnd  I  wo  inillions  a!  djeworke  qlTliieiits,  with  over  half  k  minion 
galloDS  from  Messrs.  LiBltr'a,  of  UanDiDgham  Mills.  From  eiperiineiilE  upon 
bulbH  of  20,000  (gallons,  a  mixture  of  one  part  of  wnol-siids  aod  seveo  parts  of 
,  Bradford  l^undaj  iswtge  requires  ninB  times  aa  much  precipitant,  and  producn 
tan  tiices  a«  much  wet  and  twelve  and  a  half  times  as  much  settled  sludge,  u  the 
Suodny  sewage  alone.  A  number  of  the  woolcombere  recover  part  of  tLe  mwl- 
trreaee  by  '  cracking '  tlie  crude  suda  with  oil  of  vitriol.  The  effluent  so  obtaiud 
is  very  iicid,  contains  from  lUO  to  -"OU  graina  of  (treaee  per  gallon,  witli  a  ven- 
large  amount  of  nitrngeaona  impurities.  Tbe  difficulties  arisiog  from  tbe  pre- 
sence of  the  wool-9uds  and  effluents  are  twofold:  (1)  The  peculiar  emulairc 
character  of  wool-giease ;  (2)  the  excessive  amount  of  nitrogenous  ipipuiitiet. 
With  Bradford  sewage  have  been  tried : — 

(1)  Lime,  giving  n  clear  but  bad  effluent  with  a  large  amount  ofsludtTs, 

(2)  Copperas,  followed  by  lime,  prodnciug  a  turbid  but  better  effluent. 

(3)  Alumina-ferric,  i.e.,  alumina  sulphatej  giving  unsatisfactoij  reaulli  at  a 
high  cost. 

(4)  Acid  ferric  sulpbat«,  giving  a  high  degree  of  purification,  but  with  tn 
acid  effluent. 

(.'))  Neutral  ferric  sulphate,  vielding  as  good  result*,  but  with  less  acidity. 

(0)  Basic  ferric  sulphate,  giving  a  (i'2  per  cent,  purification  and  a  neutral  Oi 
slightly  alkaline  effluent.' 

The  basic  sulphate  is  made  at  the  sewage  worlfs  by  McCulIocb's  Palent.  As 
it  is  neceMory  to  use  a  considerable  weight  of  tlie  basic  salt,  the  oietbml  praiM 

The  author  has  fully  investigated  the  hioIo;ry  of  Bradford  sewage,  and  bu 
tried  diflerent  methods  of  bacterial  treatment.  It  has  not  been  very  difficult  to 
get  nitrificalion  with  as  high  a  purification  in  extreme  oases  as  70  per  cent. 

The  grease  present  to  the  extent  of  40  to  CO  grains  per  gallon  very  soon 
choices  up  the  filters.  There  can  be  no  doubt  that  if  the  woolcumbers'  suds  and 
effluents  were  entirely  removed  the  whole  of  the  city's  sewage  could  be 
treattd  biologically,  with  an  immense  saving  in  the  cost  of  chemicala  and  the 
treatment  of  the  sludge.  Failinp;  tbe  elimination  of  the  wool-suds  the  best 
method  would  seem  to  be  a  preliminary  treatment  with  tbe  cheapest  precipiant 
obtainable  and  the  biological  purification  of  the  effluent,  either  on  bacteria  beds  or 
on  land,  preferably  on  both. 

Several  pateiiteL'S  have  experimented  on  Urndfnrd  sewage,  but  hitherto  with 
II n satisfactory  results,  and  they  liave  all  retired  from  the  attempt,  saying  that  tbe 
grease  baffled  tbem. 

After  describing  tbe  ebemical  and  biological  methods  in  detail,  the  aathor 
entered  at  some  length  into  the  scientific  causes  of  the  difflcullies  of  treatment. 

?.  On  the  Treatment  of  Wookomhers'  EffiuenU.     Bt/  W.  LeaCH. 

3.  On.  a  Simph  and  Accurate  Melhod  for  Mtmating  the  Dis$olred  Oxygtn 
iiiFresh  Wat'.r,  Sen  Wntr.r,  .'itwafie  B0urnta,  fltir.    .fly Professor  Lftts, 
J).Sc.,  Ph.D.,  d-c,  and  11.  F.   Blakb,  F.I.C,  F.C.S.,  Qii^m'g  CoUfff', 
Jie'/agt. 
After  criticising  the  existing  mptUods  for  determining  the  dissolved  oiygMi  in 

water  volumi^trically,  the  authors  describe  a  very  simple  and  accurate  metbod  for 

tbepurpose,  of  wliich  llie  followipg  is  an  outline: 

An  ordinary  separating  funnel  is  filled  with  the  water  to  be  examined,  and  a 

mpssured  volume  withdrawn.     A   iletinite  volume  of  standard  ferrous  sulphate 
,  solution  is  then  added,  and  afterwards  ammonia — the  volume  of  these  two  resgenU 


'  This  efflnant,  after  passing  at  o  rapid  rate  through  fine  breese  beds,  gi«a  •» 
Vidiiional  a  per  cent,  ol  purification,  althoagb  no  nitrification  ocean. 
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tf^oUier  correspondiDK  witli  tliat  of  tbe  water  remored — and  the  atopper  of  the 
funnel  is  then  inserted,  care  beJDif  talceD  that  no  air  bubbles  are  eacIo«ed. 

Within  the  separating  runnel  there  is  now  a  layer  of  ferrous  sulphate  below, 
next  tbe  water,  and  abcve  all  the  ammonia.  These  are  mixed  bj  tcvertlnp'  iLo 
Teseel  once  or  twice  by  &  swin^^iiig  motion,  when  a,  greeQish  turbid  mixture  results, 
which  rapidly  darkens  as  the  dia^olved  oxyjireD  is  absorbed.  After  fifteen  minutes 
tiie  vessel  (still  stoppered)  is  inverted,  and  its  tube  or  lower  extremity  (now,  how- 
ever, tbe  upper  one)  in  nearly  filled  with  a  mixture  of  eqaal  Tolumes  of  sulphuric 
acid  and  water,  The  tap  is  then  opened,  when  the  acid  flows  downwards  into 
the  allfalinffmiiCure,  and  in  the  course  of  a  few  miniit«s  dissolveB  the  iron  hydrates, 
forming  a  clear  solution.  This  is  then  run  off  into  a  porcelain  dish,  and  there 
titrated,  either  with  permaDgsnute  or  bichromate,  confeniently  of  the  strength 
1  c.c.  -  1  c.c.  of  dissolved  oxygen  at  N.T.P. 

In  the  authors'  experiment  tlie  separating  funnel  had  a  capacity  of  332'6  c.c., 

Sracticslty  i  litre ;  and  its  tube  contained,  when  nearly  full,  about  8  c.c.  of 
iluted  sulphuric  acid.  About  7  c.c.  of  the  water  was  removed,  5  c.c,  of  standard 
ferrous  sulphate  solution  added  and  a1>out  2  c.c  of  strong  ammouiB,  The  ferrous 
sulphate  Bolution  contained  about  12  crams  of  the  crystallised  salt  in  liSOc.c.  of 
distilled  water.'  It  was  standardised  for  eaclt  determination  by  titrating  6c,c.  in 
a  porcelsiQ  basin,  mixed  with  the  same  volume  of  the  water  under  examiilalion  as 
employed  in  the  dissolved  oxygen  determinilion  and  the  same  volunte  of  acid, 

Fnr  all  practical  purposes  the  dissolved  oxygen  contained  in  the  volume  of 
walernhich  tbe  separating  funnel  holds  amounts  to  the  dilference  between  the 
bnrette  readings  for  the  blank  experiment  and  for  the  actual  detefminalion.  The 
following  are  a  few  typical  results ; — 


DiSBolvod  Oijgan  per  litre 

1 

Liquid  AnsJjBcd 

1_ _ 

iDode  *iih 

Fonod  1       Truo  Amount        '                  ' 

,  DUtilled  water  saturated 
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with  air  at  IS"-;, 

LuDt).         i 
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6'80 

E'le    (Gaaometric        +0-05 

1    supply. 

analysis).    ^ 

'  Seawater   from    Belfast 

5  53-1 
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,    LoDgh. 

1  Seawater   from    Belfast 
1     Lough. 

5-10  J 
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'  Bacteria  Beds.' 

0'36    (Gasometrio 

Sewsige     effluent    from 
'  Bacteria  Bed*.' 

042  J 

analysis). 

1+oos 

It  will  be  seen  that  for  sea  water  and  sewage  efflaents  bichromate  gires  n 
accurate  results  than  pernuingiMiate. 


4.  The  JJtiluation  of  Sinnge  Sludge.  By  Professor  W.  B.  Bottosilet, 
M.A.,  l'h.D.,  King's  ColUge,  Limd<m. 
No  one  system  of  sewsge  treatment  Is  universally  applicable.  IjOCsI  conditions 
must  determine  which  system  is  best  for  any  locality.  Parliamentary  returns  in 
1894  gave  233  sanitary  districts  in  England  and  Wales  where  systems  for  treating 
sewage  by  precipitation  were  in  operation.  In  most  cases  the  sludge  was  not  only 
valnelMB,  but  " 


the  use  of  phospbatic  material  in  treating  the  sewage.    A  crude  pbosphatic  : 
was  treated  with  sulphuric  acid  slightly  in  excess  of  tbe  amount  necessary  to 
PCffl^lDP  Wttb  tb?  OY'des  9f  iroa  and  aluminium  present;  the  resultant  gubsl|inc9 
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-^gpokeo  ot  la  Piotalite — was  use  1  as*  predpiUting' agent  for  aewage,  ud  ut 
prening  B|^t  for  sewaj^  aludge. 

ETperimeate  at  CbiBwick  Suwafro  ^Vorks,  where  PkoaaiiU  was  nsed  u  a 
precipitating  agent,  yielded  in  the  dried  gludge  cake : — 
Nitrogen  -  AminoDia    *       .    1'44  Phosphate  of  IJme    .        .    6'2l 

When  naed  as  a  pressing  af^ent  in  conjuuction  with  half  the  iudkI  amoaut  ot 
Hme,  the  dried  sludge  calte  yielded : — 
Nitngen- Ammonia    .        .    1-04  Fhospliate  of  Lime    .        .    13-OG 

Expetiments  at  Olasgow  Sewage  Woilrs  with  Pioialtte  u  a  presnng  agent 

gave  the  following  results  :— 

A.  Sludge  pressad  with  i  percent  of  lime  and  1  per  conL  ot  Pkoialite: — 
Nitrogen  -  Ammonia  .    1'74  Phosphate  of  Lime    •        .    6'7i 

b.  Sludge  preraed  with  i  per  cent,  of  lime  and  2  per  cent  of  Pkotalile : — 
Nitrogen  -  Ammonia    .        .    3*04  Phosphate  of  Lime    .        .    0'49 

By  the   use  of  Pkoialite  as  a  pressing  agent  for  sludge  there  waH  obtiinsd — 

{«)  an  economy  of  lime  necessary  for  prtssiog ;  {b)  a  mucb-impioved  press  liquor; 

(c)  a  greatly  Nihanced  manurial  ralua  for  the  sludge. 

These   specially  enriched  sludges,  when  dried  and  ground,  formed  eiceDent 

manures,  giving  results  equal  to  those  produced  fay  many  high-priced  artJlicial 

manurea.    The  experiments  show  that  for  the  effective  utilisation  wF  sewage  sludga 

as  a  mannre  there  are  two  requisites  :— 

1.  The  use  of  some  such  phosphatic  material  as  I%osalUe  when  preswng  ths 
sludge. 

2.  The  resultant  sludge-cake  must  then  be  dried  and  ground,  so  that  it  miy 
easily  mix  with  the  soil. 
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Section  C— GEOLOGY. 
B  Seotiok— Profewor  W,  J.  Sollab,  D.Sc,  LL.D-,  F.R.S. 


THUItSDAY,  SEPTEMBER  G. 

The  PreaiJent  delivered  the  following  Address : — 

EvUutional    Geology. 

Tas  doae  of  one  centnrj,  the  dawn  of  another,  may  naturally  eugf^st  sonte  brief 
retro8p«ctiT6  glance  over  the  path  along  which  our  ecience  haa  advanced,  and  some 
gmeral  surrej  of  its  present  position  from  which  we  may  father  hopi;  of  its 
future  progress;  but  other  cnnnection  with  geology  the  beginnings  and  end- 
ings of  centuries  have  none.  The  great  periods  of  movemeut  have  hitherto  begun, 
&s  it  were,  in  the  early  twilight  hours,  long  before  the  dawn.  Thua  the  first  step 
forward,  since  which  there  has  been  no  retreat,  wos  taken  hy  Steno  in  the  year 
1669 ;  more  than  a  century  elapsed  before  James  Hutton  (17d5)  gave  fresh  energy 
ftnd  better  direction  to  the  faltering  stepti  of  the  young  science ;  while  it  was  less 
than  a  century  later  (18G3)  when  Ixird  KeWin  brought  t«  its  aid  the  powers  of  the 
higher  mathematics  and  instructed  it  in  the  teachings  of  modern  physics.  From 
Steno  onward  the  spirit  of  geology  was  catastrophic ;    front  Hutton   onward  it 

C'  increasingly  uniforniitarian ;  from  the  time  of  Darwin  and  KelTinitbas 
me  evolutional.  The  ambiguity  of  (he  word  '  uniformitorian '  has  led  to  a 
frood  deal  of  fruitless  logomachv,  against  which  it  may  be  as  well  at  once  to  guard 
by  indicating  the  sense  m  which  it  is  used  here  In  one  way  we  are  all  nniformi- 
tarians,  i.e.,  we  accept  the  doctrine  of  the  '  uniform  action  of  natural  causes,'  but, 
■0  applied  to  geoXofy,  uniformity  means  more  than  this.  Defined  in  the  brierest 
fashion  it  is  the  geology  of  Lyell.  Hutton  had  given  us  a  '  Theory  of  the  Earth,' 
initsmain  outlines  still  faithful  and  true  j  andthis  Lyell  spent  bis  life  in  illustrating 
and  advocating;  but  as  so  coinmonly  happens  the  zeal  of  the  disciple  outran  the 
wisdom  of  the  master,  and  mere  opinions  were  insisted  on  as  necessary  dogma. 
What  did  it  natter  if  Hutton  as  a  result  of  his  inquiries  into  terrestrial  history 
bod  declared  that  he  found  no  vestige  of  a  beginning,  no  prospect  of  ao  end  P  It 
would  have  been  marvellous  if  he  bad  I  Consider  that  when  Hutton's  'Theory' 
vas  published  William  Smith's  famoos  discovery  had  not  been  made,  and  that 
nothing  was  then  known  of  the  orderly  snecession  of  forms  of  life,  which  it  is  one 
of  the  triumphs  of  geology  to  hare  revealed;  consider,  too,  the  existing  state  of 
physics  at  the  time,  and  that  the  modem  theories  of  eiior^  bad  still  to  be  for- 
mulated ;  consider  also  that  spectroscopy  bad  not  yet  lent  its  aid  to  astronomy 
knd  the' consequent  ignorance  of  the  nature  of  nebuhe;  and  then,  if  you  will,  cast 
■  stone  at  Hutton,  With  Lyell,  however,  the  case  wna  different :  in  pieseing  his 
uniformitarian  creed  upon  geology  he  omitted  to  take  into  accotmt  the  great 


.  ,,  Google 


712  .  BEPORT—  1 900. 

•dvances  made  hj  ita  sister  sciences,  aithouj^-h  he  had  knowledge  of  them,  and 
thus  linDed  niniiurt  the  light.  In  the  laat  pdition  of  the  famoos  '  Principles'  we 
read ;  '  It  is  a  fsTounte  dog-ma  of  some  phrsicisls  tbat  not  only  the  earth,  hut  the 
sua  itself,  is  continually  login);  a  portion  of  its  heat,  and  that  aa  there  is  no  known 
source  bj  which  it  can  be  restored  we  can  foresee  the  time  when  all  life  will  eeaM 
to  eiiet  on  this  planet,  and  on  the  other  hand  we  can  look  back  to  a  period  when 
the  heat  waa  so  intense  as  to  be  incompatible  with  the  existence  of  an;  organic 
beinfra  auch  as  ure  known  to  us  in  the  living  or  foseil  world.  ...  A  geologist  in 
search  of  some  renovating  power  by  which  the  amount  of  hent  may  be  made  to 
continue  unimpaired  for  milliona  of  years,  past  and  future,  in  the  solid  parts  of  the 
earth  .  .  .  has  been  compared  by  an  emment  physiciKt  to  one  who  dreams  he 
can  discover  a  aource  of  perpetual  motion  and  invent  a  clock  with  a  self-winding 
apparatus.  But  lEhy  ihould  we  deipair  of  detecting  proof*  of  tuck  regenerating 
and  self-ttt»iaimng  povxr  in  the  icortu  of  a  Divine  Artijicer  f  '  Here  we  catch  the 
true  spirit  of  unifoimitv  ;  it  admittedly  regards  the  universe  as  a  self-winding 
dock,  and  barely  conceals  a  conviction  that  the  clock  waa  warranted  to  keep 
true  Greenwich  time.  The  law  of  the  dissipation  of  enerj^  is  not  a  dogma,  but  a 
doctrine  drawn  from  observation,  while  the  uniformity  of  Lyell  is  in  no  sense  an 
induction :  it  ia  a  dogma  in  the  narrowest  sense  of  the  word,  unproved,  incapable 
of  proof  ;  hence  perhaps  its  power  upon  the  human  mind  ;  hence  also  the  tranai- 
tonuess  of  that  power.  Ag-ain,  it  is  only  by  restricting  its  inquiries  to  tbe  stratified 
rocksof  our  planet  that  the  dogma  of  uniformity  caa  be  maintnmed  with  any  pretence 
of  argument.  Directly  we  begin  to  search  tbe  heavens  the  poasibility,  nay  even 
the  hkelibood,  of  tbe  nebular  ori^^Ln  of  our  system,  with  all  that  it  involves,  is 
borne  in  upon  us.  Lyell  tberefore  consistently  refused  to  extend  his  gaze  beyond 
the  rocks  beneath  his  feet,  and  was  thus  led  to  do  a  serious  injury  to  our  science: 
he  severed  it  from  cosmogony,  for  which  he  entertained  and  expressed  the  most 
profound  contempt,  and  from  the  mutilation  thus  inflicted  geology  is  only  at  length 
making  a  slow  and  painful  recovery.  Why  do  I  dwell  on  these  factaF  To 
depreciate  Lyell?  By  no  means.  No  one  is  more  conscious  than  I  of  the  noble 
service  which  Lyell  rendered  to  our  cause :  his  reputation  is  of  too  robust  a  kind 
to  safier  from  my  unskilful  handling,  and  tbe  fame  of  his  solid  contributions  to 
science  will  endure  long  after  these  controversies  are  forgotten.  The  echoes  of 
the  combat  are  already  dyinjc  away,  and  unirormitarians,  in  the  sense  already 
defined,  are  now  no  more  ;  indeed,  were  I  to  attempt  to  exhibit  any  distjuguished 
living  gooloeist  as  a  still  surviving  supporter  of  the  narrow  Lyellian  creed,  he 
would  probably  feel,  if  such  a  one  there  be,  that  I  was  unfairly  ungling  him  out 
for  unmerited  obloquy. 

Our  science  has  become  evulutional,  and  in  the  tranaformation  has  grown 
more  eomprebeusive ;  her  petty  parochial  days  are  done,  she  is  drawing  bar  pro- 
vinces closer  around  her,  and  is  lusing  them  together  into  a  united  ajid  single  com- 
monweaUh— the  science  of  the  earth. 

Not  merely  the  earth's  crust,  but  tbe  whole  of  earth-knowledge  is  the  Buh- 
ject  of  our  research.  To  know  all  that  can  be  known  about  our  planet,  this,  and 
nothing  less  than  this,  is  its  aim  and  scope.  From  the  morphological  side  geologj 
inquires  not  only  into  tbe  existingform  and  structure  of  the  earth,  but  also  into  the 
series  of  successive  morphological  states  through  which  it  has  passed  in  a  long 
and  changeful  development.  Uur  science  inquires  also  into  the  distribution  of 
the  earth  in  time  and  space ;  on  tbe  physiological  side  it  studies  tbe  movements 
and  activities  of  our  planet ;  and  not  content  with  all  this  it  extends  its  researches 
into  estioli^ty  and  endeavours  to  arrive  at  a  science  of  causation.  In  these  pursuits 
geology  calls  all  the  other  sciences  to  her  aid.  In  our  commonwealth  there  are  no 
outlanders ;  if  an  eminent  physicist  enter  our  territory  we  do  not  begin  at  once 
to  prepare  for  war,  because  the  very  fact  of  hi.'*  undertaking  a  geological  inquiry  of 
itself  confers  upon  him  all  the  duties  and  privileges  of  citizenship,  A  pnysidst 
studying  geology  is  by  definition  ageologist.  Our  only  regret  is,  not  that  physi- 
cists occasionally  invade  our  borders,  but  that  they  do  oot  visit  US  oftener  snd 
ipa)ie  closer  aci^uaiiit(in(e  w(tb  us, 
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Early  Eistory  of  the  Earth :  First  Critical  Period. 

If  I  am  bold  enough  to  assert  that  cosmogony  is  no  longer  alien  to  f^lo^,  I 
-nay  proceed  furtlier,  and  taking  advantag«  nf  my  temerity  pus  on  to  speak  of 
things  once  not  permitted  to  ub.  I  piopo)«  therefore  to  ofler  some  short  account  of 
theeariy  stages  in  the  history  of  the  earth.  Into  its  nebular  orif^in  ws  need  not 
inquire — that  is  a,  subject  for  s^tronomera.  'We  are  content  to  sccept  tho  infant 
earth  iTOm  their  hands  as  a  molten  globti  ready  made,  its  hirth  from  a  gaseout 
nebula  duly  certiSed.  If  ive  ask,  as  a  matler  of  curiosity,  what  was  the  origin  of 
tha  nebula,  I  fear  «ven  astronomers  cannot  tell  us.  There  is  an  hypothesis  which 
refers  it  to  the  clashing  of  meteorites,  but  in  the  form  in  ivhich  this  is  usually 
presented  it  does  not  help  us  much.  Such  meteorites  as  have  been  observed  to 
penetrate  our  atmosphere  and  to  fall  on  to  the  surface  of  the  earth  prove  on 
examination  to  have  bad  an  eventful  history  of  their  onn  of  vhich  not  the  least 
important  chapter  was  a  passage  through  a  molten  state ;  they  would  thus  appear 
to  ne  the  products  rather  than  the  progenitors  of  a  nebala. 

"We  commence  our  history  then  with  a  rapidly  rotating  molten  planet,  not 
impossibly  already  solidified  about  the  centre  and  surrounded  by  an  atmosphere 
of  i^reat  depth  the  larger  pare  of  which  was  contributed  by  the  water  of  our 
present  oceans,  then  existinir  in  a  state  of  gas.  This  ntmospbere,  which  exerted  a 
pressure  of  something  like  5,000  lb.  to  the  square  inch,  mui^t  have  played  a  very 
important  part  in  the  evolution  of  our  planet.  The  molten  exterior  abeorbed  it  to 
an  extent  which  depended  on  the  pressure,  and  which  may  some  day  be  lesrnt 
from  experiment.  Under  the  influence  of  the  rapid  rotation  of  the  earth 
the  atmosphere  would  be  much  deeper  in  equatorial  than  polar  regions,  so 
that  in  the  latter  the  loss  of  heat  by  radiation  would  be  in  excess.  This  might  of 
itself  lead  to  convectional  currents  in  the  molten  ocean.  The  efTect  ou  the  atmo- 
sphere is  very  difficult  to  trace,  but  it  is  obvious  that  if  a  high-pressure  area 
originated  over  some  cooler  region  of  the  ocean,  the  winds  blowing  out  of  it  would 
drive  before  them  the  cooler  superdcial  layers  of  molten  material,  and  as  these 
were  replaced  by  hotter  lava  streaming  from  below,  the  tendency  would  he  to 
convert  the  high  into  a  low  pressure  area,  and  to  reverse  the  direction  of  the 
winds.  Conversely  under  a  low-pressure  area  the  in-blowing  winds  would 
drive  in  the  coaler  superficial  lavers  of  molten  matter  that  had  been  swept  away 
from  the  anticyclones.  If  the  diBerence  in  pressure  nnder  the  cyclonic  and  anti- 
cyclonic  areas  were  connderable,  soma  of  the  gas  absorbed  under  the  antif^clonee 
might  escape  beneath  the  cyclones,  and  in  a  later  stage  of  cooling  might  give  rise 
to  vast  floating  islands  of  scoria.  Such  islands  might  be  the  first  foreshadowings 
of  the  future  continents.  Whatever  the  ultimate  effect  of  the  reaction  of  the 
winds  on  the  currents  of  the  molten  ocean,  it  is  probable  that  some  kind  of 
circulation  was  set  up  in  the  latter.  The  universal  molten  ocean  was  by  no  means 
homogeneous:  it  was  constantly  undergoing  changes  in  composition  as  it  reocted 
chemically  with  the  internal  metallic  nucleus :  its  currents  would  streak  the 
different  portions  out  in  directions  which  in  the  northern  hemisphere  would 
run  from  N.E.  to  S.W.,  and  thus  the  differences  which  distinguisb  particular 
petrolt^icnl  reg-ions  of  our  planet  may  have  commenced  their  existence  at  B  very 
early  stage.  Is  it  possible  that  as  our  knowledge  extends  we  shall  be  able  by  a 
Study  of  the  distribution  of  igneous  rocks  and  minerals  to  draw  some  conclusions 
as  to  the  direction  of  these  hypothetical  lava  currents  ?  Oiir  planet  was  pro- 
foundly disturbed  by  tides,  produced  by  the  sun ;  for  as  yet  thsre  was  no  moon  ; 
and  it  has  been  suggested  that  one  of  its  tidal  waves  rose  to  a  height  so  great  as 
to  sever  its  connection  with  the  earth  and  to  fly  off  as  the  infant  moon.  Thia 
event  may  be  regarded  as  marking  the  first  critical  period,  or  catsstrophe  if  we 
please,  in  the  history  of  our  planet.  The  career  of  our  satellite,  after  its  escape 
from  the  earth,  is  not  known  till  it  attained  a  distance  of  nine  terrestrial  radii ; 
after  this  its  progress  can  be  clearly  followed.  At  the  eventful  time  of  parturition 
the  earth  was  rotating,  with  a  period  of  from  two  to  four  hours,  about  an 
HI*  inclined  at  Bome  11°  or  IS"  to  the  ecliptic.    The  time  whicli  boa  6lap8e4 
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aince  tLe  moon  occupied  ■  position  nine  tenvstrial  radii  distant  from  the  eutli  If 
at  leut  liftj-«ix  to  firty-seven  mittions  of  jearx,  but  maj  have  bemi  much  more. 
Professor  Daririn'd  atory  of  the  moon  is  certainly  one  of  the  most  beautiful 
contributions  ever  made  by  astronomy  to  geology,  and  we  sluill  all  concur  with 
him  when  he  saya,  '  A  theory  reposing  on  ivriz  cniaee,  which  brinpfs  into  quanti- 
tative correlaiion  the  Jen^h  of  the  present  day  and  month,  the  obliquity  of  the 
ecliptic,  and  the  inclination  and  eccentricity  of  the  lunar  orbit,  must,  I  think, 
have  Blmng  claims  to  acceptance.' 

The  majority  of  geoiogiala  have  lon^  hankered  after  a  metallic  nueleua  for  the 
earth,  composed  chietlj,  by  analogy  with  meteoiites,  of  iron.  Lord  KeMo  baa 
admitted  the  probable  eiiatenceofaome  such  nucleus,  and  lately  Professor  Wiechert 
has  furnished  ns  with  arguments — '  powerful '  arguments  ProfeasOT  Darwin  ternia 
them — in  support  of  its  existence,  llie  interior  of  the  earth  for  four  fifths  of 
the  radius  is  composed,  according  to  Professor  Wiechert,  chieSy  of  metaJlie 
iron,  with  a  density  of  8'2 ;  the  outer  envelope,  one  fifth  of  the  radius,  or  about 
400  miles  in  tbicknesa,  cousista  of  ailicates,  such  as  we  are  familiar  with  in 
igneous  rocks  and  meteorites,  and  possesses  a  density  of  32.  It  was  from  this 
outer  envelope  when  molten  that  the  moon  wiis  trundled  off,  twenty-seven  milea  in 
depth  going  to  ilg  formation.  The  density  of  this  material,  aa  we  bave  just  seen, 
is  supposed  to  be  3'2;  the  density  of  the  moon  is  339,  a  close  approximation, 
su^  ai^rence  as  exists  being  completely  esplic&ble  by  tbe  comparatiTcly  low 
temneratare  of  the  moon. 

The  outer  envelope  of  the  earth  which  was  drawn  off  to  form  the  moon  was, 
as  we  have  seen,  charged  with  steam  and  other  gases  under  a  pressure  of  6,000  lb. 
to  the  square  inch ;  but  as  tbe  satellite  wandered  away  from  the  parent  planet 
thia  presBure  continuously  diminipbed.  Under  these  clrcumatuncea  the  moon 
would  become  as  explosive  ns  a  charged  bomb,  steam  would  hurst  forth  from 
numberless  volcanoes,  and  while  the  face  of  the  moon  might  thus  have  ac- 
quired its  existinsr  features  the  elected  material  might  possibly  have  been  shot 
eo  far  away  from  its  orig-iu  as  to  hnve  acquirsd  an  independent  orbit.  If  so  wb 
may  ask  whether  it  may  not  be  po?!>ible  tlmt  tbe  meteorites,  which  sometimes 
descend  upon  our  planet,  are  but  ptirtionaof  its  own  envelope  returning  to  it.  The 
facta  that  the  average  specific  gravity  of  those  meteorites  which  hsTC  been  seen  to 
fall  is  not  much  above  33,  and  that  they  have  passed  through  a  state  of  fiunon, 
ore  consistent  with  thia  Bugg«stion. 

Second  Critical  Period.  '  Consistentior  SuUiu.' 
The  solidification  of  the  earth  probably  became  completed  soon  after  the  birth 
of  the  moon.  The  temperature  of  its  surface  at  the  time  of  consolidation  was  about 
1170°  C,  and  it  was  therefore  still  surrounded  by  its  primitive  deep  atmosphere  of 
ateam  and  other  gases.  This  was  tbe  second  critical  period  in  the  history  of  the 
earth,  the  stage  of  the  '  consistentior  status,'  the  date  of  which  Lord  Kelrio  woald 
rather  know  than  that  of  the  Norman  Conquest,  though  he  thinks  it  lies  between 
twenty  and  forty  millions  of  years  ago,  probably  nearer  twenty  than  forty. 

Kow  that  the  crust  was  solid  there  was  less  reason  why  movements  of  the 
atmosphere  should  be  unsteadv,  and  dehnite  regions  of  high  and  low  pressure 
might  have  been  established.  Under  the  high-pressure  areas  the  aurfsca  of  the 
crust  would  be  depressed  ;  correspondingly  under  the  low-pressnte  areas  it  would 
be  raised;  and  thus  from  the  tirst  the  surface  of  the  solid  earthmigbt  be  dimpled 
and  embossed.* 

Third  Critical  Period.     Origin  o/thn  Oceans. 

The  cooling  of  the  earth  would  continuously  progress,  till  the  temperature  of 
the  surface  fell  to  370°  C,  when  that  part  of  the  atmosphere  wiiich  consisted  of 
steam  would  begin  to  liquefy ;    then  the   dimples  on  the  surface  would  soon 

'  It  would  be  difficult  to  discusEi  with  sufficient  brevity  the  probable  distribution 
of  these  inequalities,  but  it  may  be  pointed  oat  that  tbe  moon  Is  posnlbly  responsible^ 
and  ttiat  in  more  ways  than  one,  for  much  of  tbe  existing  get^iaphioal  asymmetiy. 
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become  filled  with  superLeated  water,  nnd  the  pools  so  formed  would  expand  and 
deepen,  till  they  formed  the  oceans.  This  is  the  third  critical  stage  in  the  history  of 
the  earth,  dating, according  to  Professor  Jolj,  fhjmbetweenei^ty  and  ninetj  millions 
of  years  ago.  With  the  growth  of  the  oceans  the  distinction  between  land  and  eea 
arose — in  what  precise  manner  we  may  proceed  to  inquire.  If  we  revert  to  the 
leriod  of  the  '  coneistentior  status,'  when  the  earth  had  just  solidified,  we  shall 
.nd,  according  to  Lord  Kelvin,  that  the  temperature  continuously  increased  from 
the  surface,  where  it  was  1170°  C,  down  to  a  depth  of  twenty-five  miles,  where 
it  was  about  1480°  C,  or  260°  C.  above  the  fusion  poiot  of  the  matter  forming 
the  crust.  That  the  crust  at  this  depth  was  not  molten  but  solid  is  to  he  explained 
by  the  Tory  great  pressure  to  which  it  was  subjected— just  so  much  pressure, 
indeed,  as  was  required  to  counteract  the  influence  of  the  additional  L'6U°  C.  Thus 
if  we  could  have  reduciid  the  pressure  on  the  crust  we  cfaould  have  caused  it  to 
liquefy;  by  restoring  the  pressure  it  would  resolidify.  By  tte  time  the  earth's 
surface  had  cooled  down  to  370° C.  the  deplli  beneath  tbe  surface  at  which  the 

Eresaurejuat  kept  the  ciust  solid  would  have  sunk  some  eligbt  distance  inwards, 
ut  not  sufficiently  to  affect  our  argument. 

The  avemge  pre-'sure  of  the  primitive  atmosphere  upon  the  crust  can  readily 
be  calculated  by  supposing  the  water  of  the  existing  oceans  to  be  uniformly 
distributed  over  the  earth's  surface,  aud  then  by  a  simple  piece  of  arithmetic 
determioing  its  depth:  this  is  found  to  be  1'718  miles,  the  average  depth  of  tbe 
oceans  beinff  taken  at  2-393  miles.  Tlius  the  average  pressure  over  the  earths 
surface,  immediately  before  the  formation  of  the  oceans,  was  equivalent  to  that  of 
a  column  of  water  1'718  milea  high  on  each  square  inch.  Supposing  that  at  its 
origin  tbe  ocean  were  all '  gathered  together  into  one  place,'  and  'the  dry  land 
appeared,' then  the  pressure  over  the  ocean  floor  would  be  increased  from  1-718  miles 
to  2'393  miles,  while  that  over  those  portions  of  the  crust  that  now  formed  the  land 
would  be  diminished  by  1-718  miles.  This  difference  in  pressure  would  tend  to 
exaggerate  those  faint  depressions  which  hod  arisen  under  the  primitive  anti- 
cyclonic  areas,  and  if  the  just  solidified  material  of  the  earth's  crust  were  set  into 
a  State  of  flow  it  might  move  from  under  the  ocean  into  the  bulgings  which  were 
rising  to  form  the  land,  until  static  equilibrium  were  eElablithed.  Under  these 
circumstances  the  pressure  of  the  ocean  would  be  just  able  to  maintain  a  column 
of  rock  0'896  mile  inheight,orten  twenty-sevenths  of  its  own  depth.  It  could  do  no 
more ;  hut  in  order  that  the  dry  land  may  appeor  some  cause  must  be  found  com- 
petent either  to  lower  the  ocean  bed  the  remaining  seventeen  twentj-sevenlhaofitB 
fall  depth  or  to  raise  the  continental  hulgings  to  the  same  extent.  Such  a  cause  may, 
I  think,  be  discovered  in  a  further  effect  of  the  reduction  in  pressure  over  tbe  con- 
tinental areas.  Previous  to  the  condensation  of  tbe  ocean  tbeae,  as  we  have  seen, 
were  subjected  to  an  atmoapheric  pressure  equal  to  that  of  a  column  of  water 
1'718  miles  in  height.  Thin  pressure  was  contiibutory  to  that  which  caused  tbe 
outer  twenty-five  miles  of  the  earth's  crust  to  become  solid;  it  furnished  indeed 
jaat  about  one  fortieth  of  that  pressure,  or  enough  to  raise  the  fusion  point 
6°  C.  "What  then  might  be  expected  to  happen  when  the  continental  area  waa 
relieved  of  this  lond  ?  Plainly  a  liquefaction  and  corresponding  expansion  of  the 
underlying  rock. 

But  we  wilt  not  go  so  far  as  tn  assert  that  actanl  liquefaction  would  result;  all 
we  require  for  our  explanation  is  a  great  exponuon  ;  and  this  would  probably 
follow  whether  the  crust  were  liquefied  or  not.  For  there  is  good  reason  to 
suppose  that  when  matter  at  a  temperature  above  its  ordinary  fusion  point  ia 
compelled  into  the  solid  state  by  pressure,  its  volume  is  very  responsive  to  changes 
either  of  pressure  or  temperature.  The  remarkable  expansion  of  liquid  carbon 
dioxide  ia  a  ease  in  point :  120  volumes  of  tliis  fluid  at  —20°  0.  become  150  volnmea 
at  33°  C;  a  temperature  just  below  the  critical  point.  A  great  chanm  of  volume 
also  occurs  when  the  material  of  igneous  rocks  puses  from  the  crystalliae  state  to 
that  of  glass;  inthecoae  of  diabase  '  the  dill's  rence  in  volume  of  the  rock  in  the  two 

which  he  experimented  ;  apparently  tbe 
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•tatea  at  ordinarj  tempenturea  u  13  per  cent.  If  tLe  relief  ot  pTestaro  over  tha 
■ita  of  continanU  were  accompanied  bj  volume  changes  at  all  approachinf^  thie, 
tlie  additioDftl  eleTKlion  of  seyenteen  twenty -sevenths  required  lo  tai«e  the  land  to 
the  sea-leTel  would  be  accounted  for.'  Hoir  far  down  beneath  the  sorlace  tba 
unloading'  of  the  oonlinenta  would  be  felt  is  difficult  to  say,  though  the  problem 
u  probabl;  not  beyond  tha  reach  of  mathematical  analysis ;  iCit  affected  an  outer 
envelope  twentj-five  miles  in  thicknem,  a  linear  expansion  of  A  per  cent,  would 
suffice  to  ezplajn  the  origin  of  ocean  basins.  If  now  we  refer  to  the  dilatation 
detenninad  b;  Carl  Barus  for  rise  in  temperature  in  the  ca»e  of  diabase,  w* 
find  that  between  1093°  and  1112°C.  the  incresie  in  ToLumeiaS-S  per  cent.  Aa 
a  farther  factor  in  deepening  the  ocean  basins  may  be  included  the  compiesaivs 
effect  of  the  increase  m  load  oTer  the  ocean  floor :  this  increase  ia  equal  to  tha 
pressure  of  a  column  of  water  OliTS  mile  in  height,  and  its  effect  in  raising  the 
fusion  point  would  be  2°  C,  from  which  we  may  gain  «ome  liind  of  idea  of  the 
amount  of  compreasion  it  might  produce  on  the  yieHing  interior  of  the  crust  To 
admittbat  these  views  are  Bpeculative  will  be  lo  confess  nothing;  but  they  certainlj 
account  for  a  good  deal.  Thej  not  only  give  us  ocean  basins,  but  basins  of  the 
kind  we  want,  that  is,  to  use  a  crude  comparison  once  made  by  the  late 
Dr.  Carpenter,  basins  of  a  tea-tray  form,  hafing  a  somewhat  flat  floor  and 
Steeply  sloping  tides ;  they  also  help  to  explain  bow  it  ia  that  the  value  of  grnvitj 
ia  greater  over  the  ocean  than  over  the  land. 

The  ocean  when  first  formed  would  consist  of  highly  heated  water,  and  this, 
•a  is  well  known,  is  an  energetic  chemical  reagent  when  brought  into  contact 
with  silicates  like  those  which  formed  the  primitjve  crust.  As  a  result  of  its  action 
■aline  solutions  and  chemical  deposits  would  be  formed ;  the  latter,  however, 
would  probably  be  of  no  great  thickness,  for  the  time  occupied  by  the  ocean  in 
cooling  to  a  temperature  not  fat  removed  from  the  present  would  probably  be 
included  within  a  few  hundreds  of  years. 

TIte  Straiijicd  Serks. 

The  course  of  events  now  becomes  somewhat  obscure,  but  rooner  or  later  the 
familiar  processes  oC  denudation  and  the  deposition  started  into  activity,  and  have 
continaea  acting  uninterruptedly  ever  since.    The  total  maxiinuin  thicknees  of 

*  Professor  Fitzgerald  has  been  kind  enough  to  express  put  of  the  preceding 
explanation  in  a  more  precise  manner  for  me.  He  writes  :  '  It  would  require  a  very 
nfoe  adjiistment  of  temperatures  and  preesures  to  work  out  in  the  simple  way  you 
state  it ;  but  what  la  really  Involved  is  that  in  a  certain  state  diabase  (and  everythiDg 
that  ehanges  state  with  a  considerable  change  of  volume)  baa  an  enormous  isothermid 
compressibility.  Althongh  this  is  very  enormous  tn  the  case  of  bodies  which  melt 
suddenly,  like  ice.  it  would  also  involve  very  great  compressibilities  in  the  case 
of  bodies  even  wbioh  melted  gradually,  if  they  did  so  at  all  quickly,  ij>.,  within  a 
small  range  of  temperature.  What  you  poxtnlate,  then,  Is  that  at  n  certain  depth 
diabase  is  soft  enough  to  be  squeezed  from  under  the  oceans,  and  that,  being  near  ita 
melting  point,  the  small  relief  of  pressure  is  accompanied  by  an  enormous  increase 
in  volume  which  helped  to  raise  the  continents.  Now  that  I  have  written  the  thing 
out  In  my  own  way  it  seems  very  likely.  It  is,  anyway,  a  saggeation  quite  worthy 
of  serious  considemtion,  and  a  process  that  in  some  places  must  almost  certainly 
have  been  in  operation,  and  maybe  is  Etill  operative.  Looking  at  it  again,  I 
hardly  think  it  ia  quite  likely  tbat  there  ia  or  could  be  mach  squeezing  sideways  of 
liquid  or  other  viacons  material  from  under  one  place  to  another,  because  the 
elastic  yielding  of  the  inside  of  the  earth  would  be  much  quicker  than  any  flow  of 
this  kind.  This  wonld  only  modify  your  theory,  because  the  diabase  that  expands 
so  mnch  on  the  relief  of  pressure  might  be  that  already  under  the  land,  and  r^ing 
np  tbis  latter,  partly  by  twing  pushed  up  itself  by  the  elastio  relief  of  the  Inside  of 
the  earth  and  partly  by  ita  own  anormoua  expansibility  near  Its  melting  point.  The 
action  would  be  quite  slow,  because  it  would  cool  itself  ao  much  by  ita  expansion 
that  it  would  have  to  be  warmed  np  from  below,  or  by  tidal  eaith^qneedng,  (V  by 
chemical  action  before  it  could  expand  isothermally.' 
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the  «edimeiittU7  •jepoaitt,  bo  for  as  I  can  discover,  appears  to  amoatit  to  no  lesa 
tbaD  60  miles,  made  up  as  follows : — 

Feat 

Recent  and  FleisCoceDe        .       .      4,000       .       .    Man. 

Pliocene S,000        .        .    nthecantbropQS. 

Miocene 0.000 

Ollgocene 12,000 

Eocene 12,000       .       .    Eutberia. 

CretBceoQS 14,000 

Jnrusic 8,000 

Triaa 13,000  .    Uammab. 

Permian 12,000  .    Repdiea. 

Carbonlferons       ....  24,000        .        .    Amphibia. 

Devonian 22,000        .         .    Fish. 

Silurian 15,000 

Ordorioian 17,000 

Cambrian 16,000  .    InTertebrata. 

Keveenawan       ....  liO.OOO 

Penokee 14,000 

Unronian 18,000 

Geolo^ts,  impressed  with  the  tardy  pace  at  which  sediments  appear  to  be 
accumuiatin);  at  the  present  ds7,  could  not  contemplate  this  colossal  pile  of  strata 
without  feeling  that  it  spoke  of  an  almost  inconceivably  lonr  lapse  of  time.  They 
.vera  led  to  compare  its  duration  with  the  distances  which  intervene  between  the 
heavenly  bodies ;  but  while  some  chose  the  distance  of  tbe  nearest  fixed  star  ae 
their  unit,  others  were  content  to  measure  the  years  in  tenni  of  miles  from  the  sun. 

Hvolulion  of  Organisms, 

The  stratified  rocks  were  eloquent  of  time,  and  not  to  the  (geologist  alone, 
tbey  appealed  with  e^ual  force  to  the  biologist.  Acceptinfr  Darwin's  explanation 
of  tbe  ori)[in  of  species,  the  present  rate  at  which  form  flows  to  fnrm  seemed  so 
slow  as  almost  to  amount  t9  immulahility.  How  vast  then  must  have  been  the 
period  during  which  by  slow  degrees  and  innumerable  stages  the  protosoon  was 
transformed  into  the  man  I  And  if  we  turn  to  tbe  etratiSed  column,  what  do  we 
findP  Man,  it  is  true,  at  the  summit,  the  oldest  fossiliferous  rocks  Si  miles 
lower  down,  and  the  fossils  they  contain  already  re^esenting  most  of  the  great 
classes  of  the  Invertebrata,  including  Crustacea  and  Worms.  Thus  tbe  evolution 
of  the  Vertebrata  alone  is  known  to  have  occupied  a  period  represented  by  a 
thickness  of  Hi  miles  o(  sediment.  IIow  much  greater,  tnen,  must  have  been  th» 
interval  required  fcr  tbe  elaboration  of  the  whole  organic  worldl  Tbe  human 
mind,  dwelling  on  such  considerations  as  these,  seems  at  times  to  have  been 
alTected  by  a  sur- ex  citation  of  the  imagination,  and  a  consequent  paralysis  of  tbe 
understanding,  which  led  to  a  refusal  to  measure  geological  time  l>y  years  at  all, 
or  to  reckon  by  anything  less  than  '  atemities.' 

Geologic  Periods  of  Time, 

After  (be  admirable  Address  of  jour  President  last  j^ear  it  might  be  thought 
needless  for  me  to  again  enter  into  a  consideration  of  this  subject :  it  has  been 
said,  bowerer,  that  the  question  of  geological  time  is  like  the  Djin  in  Arabian 
tales,  and  will  irrepressibly  coma  up  again  for  discussion,  however  often  it  is 
disposed  of.  For  ray  part  I  do  not  regard  the  question  so  despondingly,  but  rather 
hope  that  by  pHrsevenny  effort  we  may  succeed  in  discovering  the  talisman  by 
which  we  may  compel  the  uuwilling  Djin  into  our  service.  How  immeasurable 
would  be  the  advance  of  our  ecienro  could  we  but  bring  the  chief  events  which 
it  records  into  some  relation  wilh  ti  standard  of  time ! 

Before  proceeding  to  thu  discniision  of  estimates  of  time  drawn  from  a  ftudy 
of  stratified  rocks  let  us  first  consider  thnse  which  have  been  already  suggested 
by  othnr  dstu    These  ue  as  foUowsi — fl)  Time  which  has  elapsed  sine*  tin 
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finpftratioD  of  the  eartL  and  moon,  fifty-six  millions  of  yean,  miniiDatii  eatimate  by 
Professor  G,  U.  Darwin,  (2)  Since  the  '  consiatentior  et&tuii,'  twentj  to  forty 
millioDS  (Lord  Kelvin).  (3)  Since  the  cocdeosHtion  of  the  oceans,  eighty  to 
ninety  millions,  maximum  estimate  bj  Professor  J.  Joly. 

It  may  be  nt  once  observed  that  Uisae  estimates,  aftlkough  independent,  are  all 
of  the  same  order  of  magnitude,  and  bo  far  confirmatory  of  each  other.  Nor  are 
they  opposed  to  conclusions  drawn  from  a  study  of  stratified  rocks;  thus  Sir 
Arcliibeld  Qeikie,  in  his  Address  to  this  Section  last  year,  affirmed  that,  so  far  aa 
these  were  concerned,  100  millions  of  years  mi^t  suffice  for  tbor  formation. 
There  is  then  Teiy  little  to  quarrel  about,  and  our  task  b  reduced  to  vi  attADipt, 
br  a  little  stretching  and  a  little  paring,  to  bring  these  rarioua  eatimKtes  into 

himself  expressly  states, '  may  have  been  much  longer.'  Lord  Kelvin's  eMimste, 
which  he  would  make  nearer  twenty  than  forty  millions,  is  founded  on  tlu 
assumption  that  since  the  period  of  the  '  consistentior  status '  the  earth  has  coaled 
simply  aa  a  solid  body,  the  transference  of  heat  from  within  outwards  having  been 
accompUsbed  solely  by  coaduction. 

It  may  be  at  once  admitted  that  there  is  a  large  amoant  of  truth  in  this 
assumotion;  there  can  be  no  possible  doubt  that  the  earth  reacts  towards  forces 
applied  for  a  short  time  as  a  solid  body.  Under  the  influence  of  the  tides  it  bt^vea 
as  though  it  possessed  a  rigidity  approaching  that  of  steel,  and  under  sudden  blows^ 
such  OS  those  which  give  rise  to  earthquakes,  with  twice  this  rigidity,  tia  Professor 
Milne  informs  me.  Astronomical  conHiderationa  lead  to  the  conclusion  that  its 
etl'ectivB  rigidity  has  not  varied  preatly  for  a  long  period  of  psst  time- 
Still,  while  lUUy  recognising  iheao  facts,  the  geologist  knows — we  all  know— that 
the  crust  of  the  earth  is  not  altogether  solid.  The  existence  of  volouioes  br 
itself  suggests  the  contrary,  and  although  the  total  amouut  of  duid  material  wbicB 
is  brought  from  the  interior  to  the  exterior  of  the  earth  by  volcanic  action  may  be, 
and  certainly  is,  small — from  data  given  by  Professor  Penck,  I  estimate  it  aa 
equivalent  to  a  layer  of  rock  uniformly  distributed  2  mm,  thick  per  centuir '— 
yet  we  have  every  reason  to  believe  that  volcanoes  are  but  the  superficial  manifesta- 
tion of  far  greater  bodies  of  molten  material  which  lie  concealed  beneath  ths 
ground.  Even  the  wide  areas  of  plutonic  rock,  which  are  sometimes  exposed  to 
view  over  a  country  that  has  suflered  long-continued  denudation,  are  merely  ibe 
upper  portion  of  more  extensive  masses  -which  lie  remote  from  view.  The  existence 
of  molten  material  witbin  the  earth's  crust  naturell^  awakens  a  suspicion  that 
the  process  of  cooling  has  not  been  wholly  by  conduction,  but  also  to  some  slight 
extent  by  convection,  and  to  a  still  greater  extent  by  the  bodily  migration  of 
liquid  lava  from  the  deeper  layers  of  the  cruat  towaids  the  surface. 

The  existence  of  local  reservoirs  of  molten  roek  -within  the  cmst  is  even 
still  more  important  in  another  connection,  that  is,  in  relation  -with  the  suppoKd 
'  average  rate  of  increase  of  temperature  with  descent  below  the  ground.'  It  ii 
doubtful  -whether  -we  have  yet  discovered  a  rate  that  in  any  useful  sense  can  be 
spoken  of  aa  ■  avenge.  The  widely  divetgent  views  of  diA'erent  authoritiea  aa  to 
the  -presumed  value  of  this  rate  may  -well  lead  to  reflection.  The  lata  Profeaaor 
Prestwich  thought  a  rise  of  1°F.  for  every  46  feet  of  descent  below  the  kjh* 
of  constant  temperature  beat  represented  the  average ;  Lord  Kelvin  in  his  earlier 
estimates  has  adopted  a  value  of  1°F.  for  every  61  feetj  the  Committee  of 
this  Association  appointed  to  investigate  this  question  arrived  at  a  rate  of  I'F- 
for  every  60  feet  of  descent ;  Mr.  Clarence  King  bos  made  calculations  in  whiA  a 
rate  of  1°  F.  for  72  feet  is  adopted  j  a  re-investigation  of  recorded  meaanremeots 
would,  I  believe,  lead  to  a  rate  of  1°  F.  in  80  or  90  feet  as  more  cloaelv  approaehiBg 
the  mean.  This  would  raise  Lord  Kelvin's  estimate  to  nearly  fifty  muUoaa  of  yean. 
When  from  these  various  averages  we  turn  to  the  observatiooa  on  wiuch 
they  are  based,  we  encounter  a  surprising  divergence  of  extreme*  from  tbe 

■  The  beat  thus  brooght  to  the  sni&ca  would  uaotmt  to  one  serentetntii  of  that 

conveyed  by  conduction. 
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inesQ ;  thua  In  tbe  British  Isles  alone  th«  rate  varies  from  1°  F.  in  34  feet 
to  r  F.  in  S3  feet,  or  in  one  caae  to  1"  F.  in  ISO  feet.  It  hag  been  sug- 
gested, and  to  aome  extent  shown,  that  these  irregularities  may  be  canaected  vith 
diHetuDCes  in  conductivity  of  the  rocks  in  whicn  the  olteervations  wore  made,  or 
with  tbe  circuUlion  of  underground  -water  ;  but  man;  cases  exist  which  cannot  be 
explained  away  in  such  a  manner,  but  are  BUi;^;estive  of  soma  deep-seated 
cause,  such  as  the  distribution  of  molten  matter  below  the  ground.  Inspection  of 
the  accompanying  map  of  the  British  Isles,  on  which  the  rates  of  increase  in 

Fio.  1, — Map  of  the  British  Is!e?,  showing  the  diatribnlion  of 
Tutes  of  increase  of  temperattiie  with  descent.  Tbe 
rates  are  taken  from  tlie  '  British  Association  Heport," 
except  in  the  case  of  those  in  the  south  of  Ireland. 


diffeTent  localities  haye  been  plotted,  will  afTord  some  evidence  of  the  truth  of  tbia 
view.  Comparatively  low  rales  of  increase  Hre  found  over  Wales  and  in  the  pro- 
vince of  Leiuater,  districts  of  relatively  great  stability,  the  remnants  of  an  island 
that  have  iu  all  probabilty  stood  abore  the  sea  ever  since  the  close  of  the  Silurian 
period.  To  the  north  of  this,  as  we  enter  a  region  which  waa  subject  to  volcunic 
diflturbances  during  the  Tertiary  period,  the  rate  increases, 

It  is  obvious  thst  in  any  attempt  to  estimate  tbe  rate  at  which  the  earth  is 
cooling  as  a  solid  body  the  disturbing  iniluBnce  of  aubterranean  lakes  of  molten 
rocli  must  as  far  aa  possible  be  eliminated  j  but  this  will  not  be  effected  by  taking 
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the  accepted  meftn  of  observed  rates  of  increase  of  temperatnre  i  anth  M  kvettM 
IB  merely  a  (»>mproiniae,  and  a  nearer  approach  to  a  correct  reault  will  posaiblyM 
attained  by  adectis^  some  low  rale  of  increase,  provided  it  be  baaed  on  accurat« 
observations. 

It  is  extremely  doubtful  wbetber  an  area  such  as  the  Britisb  Ides,  which  baa 
so  frequently  been  the  theatre  of  volcanic  activity  and  other  subterranean  distarb- 
ance,  is  the  best  fitted  to  afford  trustworthy  results;  tbe  Archtean  saclens  of  a 
continent  miylit  be  expected  to  afford  sarer  indicationE,  Unfortunately  the  hidden 
treasuree  of  the  earth  are  seldom  buried  in  these  regions,  and  bore-holes  in  conse- 
qnence  have  rarely  been  made  in  them.  One  exception  is  aUbrded  by  the  copper- 
bearing  district  of  Lake  Superior,  and  in  one  cOiSe,  that  of  the  Calumet  and  Heela 
mine,  which  is  4,&S0  feet  in  dfptfa,  the  rate  of  increase,  as  determined  by  Pro- 
fessor A.  Af^iz,  was  1'  F.  for  every  2237  feat.  Tiie  Bohemian  'horst'iaa 
somewhat  ancient  part  of  Europe,  and  in  the  Pnlbram  mines,  which  are  sunk  in  it, 
the  rate  was  1°  F.  for  every  120  feet  of  descent.  la  the  light  of  these  facts  it 
would  seem  that  geologista  are  by  no  means  compelled  to  accept  the  supposed  mean 
rate  of  increase  of  temperature  with  descent  into  the  crust  as  affording'  a  safe  guide 
to  the  rate  of  cooling  of  a  anlid  (clobe ;  and  if  tbe  much  slower  rate  of  increase 
observed  in  the  more  ancient  and  more  atable  regions  of  tbe  earth  has  the  im- 
portance which  is  auggested  for  it,  then  Lord  Kelvin's  estimate  of  tbe  date  of  the 
'conustentior  status'  may  be  pushed  backwards  into  a  remoter  past. 

If,  as  we  have  reason  to  hope,  Lord  Kelvin's  somewhat  contracted  period  will 
yield  to  a  little  stretchinir,  I'rofessor  Jolj's,  on  the  other  hand,  may  take  some 
paring.  His  argument,  broadly  stated,  is  as  follows.  The  ocean  consisted  at  Snt 
of  fresh  water ;  it  Is  now  salt,  and  its  saltness  is  due  to  the  dissolved  matter  that 
is  constantly  being  carried  into  it  by  rivers.  If,  then,  we  know  the  quantity  of 
aalt  which  the  rivers  bring  down  each  year  into  the  sea,  it  is  easy  to  calculate 
how  many  years  they  have  taken  to  supply  the  sea  with  all  the  aalt  it  at  present 
contains.  For  several  reasons  it  is  found  necessary  to  restrict  attention  to  one 
only  of  the  elements  contained  in  sea  salt :  this  is  sodium.  The  quantity  of 
sodium  delivered  to  the  sea  every  year  by  rivers  is  about  160,000,000  tons  j  but 
the  quaetity  of  sodium  which  the  sea  contains  is  at  lea^t  ninety  millions  of  time* 
greater  than  th  e.  Tbe  period  during  which  rivers  have  been  carrying  sodium 
into  the  sea  must  therefore  be  about  ninety  millions  of  years.  Nothing  could  be 
umpler ;  there  is  no  serious  fiaw  in  tbe  method,  and  Professor  Joly'a  treatment  of 
tbe  subiect  is  admirable  in  every  way ;  but  of  course  in  calculations  such  aa  thii 
everytbing  depends  on  the  accuracy  of  the  data,  which  we  may  therefore  proceed 
to  discuss.  Professor  Joly'a  estimate  of  the  amount  of  sodium  in  the  ocean  may 
he  accepted  as  sulfieiently  near  the  truth  for  all  practical  purposes.  We  may 
therefore  pass  on  to  tbe  i)tbcr  factor,  the  annual  contribution  of  sodium  by  river 
water.  Ilere  there  is  more  room  for  error.  Two  qunntitiea  must  be  ascertained : 
one  the  quantity  of  water  which  the  rivers  of  the  world  carry  into  the  sea,  the 
other  the  quantity  or  proportion  of  sodium  present  in  this  water.  The  total  volume 
of  water  discharged  by  nvers  into  the  ocean  is  estimated  by  Sir  John  Murray  aa 
A,624  cubic  miles.  The  estimate  being  based  on  observations  of  thirty-three  great 
rivera,  although  only  approximate,  it  is  no  doubt  suiEcieutly  exact ;  at  all  events 
such  alterations  as  it  is  likely  to  undergo  will  rot  greatly  affect  the  final  result. 
When,  however,  we  pivs  to  the  la-'t  quantity  "-.o  be  determined,  the  chemical  com- 
position of  average  river  water,  we  find  that  only  a  very  rough  estimate  is  poasible, 
and  this  is  the  more  unfortunate  because  changes  in  this  may  very  materiafly  affect 
our  conchisions.  The  total  quantity  of  river  water  discharged  into  the  sea  is,  aa 
we  have  stated,  0,524  cubic  miles.  The  average  composition  of  this  water  is  deduced 
from  analyses  of  nineteen  great  river?,  which  allogetlier  discharge  only  488  cubic 
miles,  or  7'25  per  cent,  of  the  whole.  Th"  danger  in  using  this  estimate  ia  two- 
fold :  in  the  first  pince  '■'IH  is  too  small  a  fraction  from  which  to  argue  to  the  re- 
maining QS'Tiipercent.,  and,  next,  the  rivers  which  furnish  ii  are  selected  rivers,  i.e., 
they  are  all  of  large  size.  The  efiect  nf  ihis  is  that  the  drainageof  the  volcania 
regions  of  the  eaJtb  if  not  sufficiently  represented,  and  it  b  precisely  this  drainaga 
which  is  richest  in  jodium  salts.    The  lavas  and  ashes  of  active  votoonoea  rapidlj 
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diamtegrate  under  the  energelic  action  of  varioiia  acid  gues,  and  among  Tolcanic 
exhalations  aodium  chloride  has  been  eapecially  noticed  as  abundant.  Conse- 
quently we  find  that  while  the  proportion  of  sodium  in  Professor  Joly's  average 
riTer  water  is  only  673  per  million,  in  the  rivers  of  the  volcanic  island  of  Hawaii 
it  rises  to  24 '5  per  million.'  No  doubt  the  area  occupied  by  volcanoes  ia  triflingcom- 
paredwith  the  remaining  land  surface.  On  the  other  hand  the  majority  of  volcaiKMS 
are  situated  in  regions  of  copious  rainfall,  of  which  they  receive  a  full  share 
owing  to  their  mountunous  form.  Much  of  the  (alien  rain  percolates  through  the 
porous  material  of  the  cone,  and,  richly  chained  with  alkalies,  finds  its  way  by 
underground  passages  towards  the  sea,  into  which  it  sometimes  discharges  by 
submarine  spnngs. 

Again,  several  considerations  lead  to  the  belief  tliat  the  supply  of  sodium  to 
the  ocean  has  proceeded,  not  at  a  uniform,  but  at  a  gradually  dimimshing  rat«. 
The  rate  of  increase  of  tempenture  with  dsecent  into  the  crust  has  continuously 
diminished  with  the  flow  ol  time,  and  this  must  huve  had  iW  influence  on  the 
temperature  of  springs,  which  furnish  an  imjwrtant  contribntion  to  river  water. 
The  significance  of  this  coniiideration  may  be  judged  from  the  composition  of  the 
WBt«r  of  geysers.  Thus  Oeyser,  in  Iceland,  contains  881  parts  of  sodium  per 
million,  or  nearly  160  times  as  much  as  Sir  John  Murray  estimates  is  present  in 
average  river  water.  A  mean  of  the  analyses  of  six  geysers  in  different  parts  of 
the  world  gives  400  parts  of  sodium  per  million,  existing  partly  ss  chloride,  but 
also  as  sulphate  and  carbonate. 

It  should  not  ba  overlooked  that  the  present  is  a  calm  and  quiet  epoch  in  the 
earth's  history,  following  after  a  time  of  fiery  activity.  More  than  once,  indeed, 
has  the  past  been  distinguished  by  unusual  manifestations  of  volcanic  ene^',  and 
these  must  have  had  some  affect  upon  the  supply  of  sodium  to  the  ocean.  Finally, 
nlthough  the  existing  ocean  water  has  apparently  but  slight  effect  in  corroding 
the  rocks  which  form  ita  bed,  yet  it  certainly  was  not  inert  when  its  temperature 
was  not  far  removed  from  the  critical  point.  Water  begins  to  exert  a  powerful 
destructive  action  on  silicates  at  a  temperature  of  180°  C.,  and  during  the  interval 
occupied  In  cooling,  from  870°  to  18(r  C.,  a  considerable  quantity  ol  sodium  may 
have  entered  into  solution. 

A  review  of  the  facts  before  us  seems  to  render  some  reduction  in  Dr.  Joly'e 
estimate  imperative.  A  precise  assessment  is  impossible,  but  I  should  be  inclined 
myself  to  take  off  some  ten  or  thirty  millions  of  years. 

We  may  next  take  the  evidence  of  the  stratined  rocks.  Their  total  maximum 
thickness  is,  as  we  have  seen,  266,000  feet,  and  consequently  if  they  accmnulated 
at  the  rate  of  one  foot  in  a  century,  as  evidence  seems  to  suggest,  more  than 
twenty-six  miUiona  of  years  must  have  elapsed  during  their  formation. 

Obscure  Chapter  in  the  EarHi's  History. 
Before  discussing  the  validity  of  the  argument  on  which  this  last  result  de- 
pends let  na  consider  how  far  it  harmonises  with  previous  ones.  'It  is  consistent 
with  Lord  Kelvin's  and  Professor  Darwin's,  but  how  does  tt  accord  with  Profeesor 
Joly'sP  Supposingwe  reduce  his  estimate  to  fifty-five  millions:  what  was  the  earth 
doing  during  the  interval  between  the  period  of  fifty-five  millions  of  years  ago  and 
that  of  only  26Jt  millions  nc\),  when,  it  is  presumed,  sedimentair  mdu  commenced  to 
be  formed  P  fiitherto  we  have  been  able  to  reason  on  probabilities  ;  now  we  enter 
the  dreary  region  of  possibilities,  and  open  that  obscure  chapter  in  the  history  of 
the  earth  previously  hinted  ot.  Far  there  are  many  possible  answers  to  this 
question.  In  the  first  place  the  evidence  of  the  straliGed  rocks  may  have  been 
wrongly  interpreted,  and  two  or  three  tjmesthe  amount  of  time  we  have  demanded 
may  have  been  consumed  in  their  formation.  This  is  a  very  obvious  possibility, 
yet  again  our  eatimate  concerning  these  rocks  may  be  correct,  but  we  may  have 
erroDeoDsly  omitted  to  take  into  account  certain  portions  of  the  Arcbtean  complex, 
which  may  represent  primitiTO  sedimentary  rocks,  formed  under  exceptional  cou- 

*  Walt«r  Maxwell,  Lavat  and  SoiU  of  the  Banaiian  Itlandi,  p.  170. 
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ditions,  and  eubsequetitly  transformed  under  the  inSueQce  of  the  istenial  heat  ot 
the  eMtb.  Tfaia,  I  tbiuk,  vould  be  ProfesBor  Bonnef's  Tiew.  Pinidlj  Lord 
Kelvin  baa  argiied  thst  the  life  of  the  aun  bb  a  luminoua  star  b  even  more  brieflj 
limited  than  thtit  of  our  oceacfi.  In  such  a  case  if  our  oceans  were  formed  fiflj- 
five  millions  of  years  ago,  it  is  possible  that  after  a  ahon  existence  a«  almost 
boiling'  water  they  grew  colder  and  colder,  till  they  became  covered  ivith  thich  ice, 
and  moved  only  in  obedience  to  the  tides.     The  earth,  frozen  and  dark,  except  for 

the  red  glow  of  her  volcanoe*,  waited  the  cominji  of  the  ei—   — '  ■• •  '-"  *■*' 

'      '■      '-''      -'->-■     1    -       ightthatthec 

a  the  work  of  denudation  and  depositioD 
aerioiisly  recommeneed,  not  to  cease  till  the  life  of  the  sun  is  epent.  Thus  the 
thickness  of  the  strati  hed  series  may  be  a  measure  rather  of  the  duration  of  sunlight 
than  of  the  period  which  has  elap-^ed  since  the  first  formation  of  the  ocean.  It 
may  have  been  so — we  cannot  tell— but  it  may  he  fairly  urged  that  we  know  less 
of  the  origin,  history,  and  constitution  of  the  sun  than  of  the  earth  itself,  and 
that,  for  aught  we  can  say  to  the  contrary,  the  sun  may  bare  been  shining  on  the 
just-fomied  ocean  as  cheerfully  aa  he  ahinea  to-day. 

Time  required/or  l!i^  Evolution  o/tlie  Living  World. 

But,  it  will  be  asked,  bow  far  does  a  period  of  twenty-six  millions  satiafy  the 
demands  of  biology  ?  Speaking  only  for  myself,  altboug-h  I  am  aware  that  eminent 
biolt^ists  are  not  wanting  who  share  this  opinion,  I  answer,  Amply,  But  it  will 
be  exclaimed.  Surely  there  are  '  comparisons  in  things.'  Look  at  l^^pt,  where  more 
than  4,000  years  since  the  same  species  of  man  aod  animals  lived  and  flourished 
as  to-day.  Examine  the  frescoes  and  study  tbe  living  procession  of  familiar 
forms  they  so  faithfully  portray,  and  then  tell  us,  how  comes  it  about  that  from 
changes  so  slow  as  to  be  inappreciable  in  the  lapse  of  forty  centuries  you  propose 
to  build  up  the  whole  organic  world  in  the  course  of  a  mere  twenty-six  millions  of 
years  ?  To  all  which  we  might  reply  that  even  changeless  Egypt  presents  us  with 
at  leaat  one  change—the  features  ot'  the  ruliug  race  are  to-day  not  quite  the  same 
as  those  of  the  Pharaohs.  But  putting  this  on  one  side,  the  ndmitted  constancy  in 
some  few  common  forms  proves  very  little,  for  so  long  as  the  environment  remaios 
the  same  natural  selection  will  conserve  the  type,  and,  so  far  as  we  are  able  to 
judge,  conditions  in  Egypt  have  remained  remarkably  constojit  for  a  long  period- 
Change  the  conditions,  and  the  resultiog  modification  of  the  species  becomes 
manifest  enough ;  and  in  this  connection  it  is  only  necessary  to  recall  the  remark- 
able mutations  observed  and  recorded  by  Professor  Weldon  in  the  case  of  the 
crabs  in  Plymouth  Harbour.  In  response  to  increasing  turbidity  of  the  sea  water 
these  crabs  have  undergone  or  are  undergoing  a  change  in  the  relatire  dimensions 
of  tbe  carapace,  which  is  persisteDt,  in  one  direction,  and  rapid  enough  to  be 
determined  by  measurements  made  at  intervals  of  a  few  years, 

Again,  animabi  do  not  all  change  their  characters  at  the  same  rate :  some  are 
stable,  in  spite  of  changing  conditions,  and  these  have  been  cited  to  prove  that 
none  of  the  periods  we  look  upon  as  probable,  not  twenty-five,  not  ft  hundred 
roillione  of  years,  scarce  any  period  short  of  eternity,  is  sufficient  to  account  for  the 
evolution  of  the  living  world.  If  the  little  tongue-ehell,£t7i^/a,  has  endured  with 
next  to  no  perceptible  change  from  the  Cambrian  down  to  the  present  day,  how 
long,  it  is  sometimes  inquired,  would  it  require  for  the  evolution  of  the  rest  of  the 
animal  kingdom  P  The  reply  is  simple:  the  cases  are  dissimilar,  and  the  same  record 
which  assures  us  of  the  periistency  of  the  Liiiffula  tells  us  in  language  equally 
emphaticof  tbe  course  of  evolution  which  has  led  fromthe  lower  organisms  upwards 
to  man.  In  recent  and  Pleistocene  deposits  the  relica  of  man  are  plentiful :  ia  the 
latest  Pliocene  they  have  disappeared,  and  we  encounter  the  remarkable  form  Pithf- 
canthroput;  as  we  descend  into  the  Tertiary  systems  tbe  higher  mammals  are  met 
with,  always  sinking  lower  and  lower  in  the  scale  of  organisation  as  thej  occur 
deeper  in  the  series,  till  in  the  !Mesozoic  deposits  they  have  entirely  disappeaml,  and 
their  place  istakenby  the  lower  mammals,a  feeble  folic,  offering  bttle  promise  of  the 
future  ihey  were  to  inherit.   Still  lower,  and  even  these  are  gone;  and  in  the  Permian 

Coogic 
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#e  encountef  reptiltrs  and  the  sDCc^tors  of  reptilee,  probably  anceatorii  of  mftmmala 
too ;  then  into  the  Carboniferous,  where  we  find  auiphibUn?,  but  Do  true  reptiles  ; 
and  next  into  the  Devoniao,  nhere  Qsh  predoruinita,  aftar  making  their  earliest 
KppeRrance  at  the  close  of  the  Silurian  times  ;  thence  dowmvards,  and  the  verte- 
bratn  are  no  more  found — we  trace  the  evolution  of  the  iiiTertebrata  alone.  Thus 
the  orderly  procession  of  oiganic  forms  follows  in  precisely  the  true  phjjlogenetio 
sequence:  inTertehrata  6TSt,  then  vertebrates,  at  tirst  Ush,  then  amphibia,  nnzt 
reptiles,  soon  after  mammals,  of  the  lowlier  kinds  first,  of  the  higher  later,  and 
tbpse  in  incrpasio);  complexity  of  structure  till  we  flnallv  arrire  at  man  himielt. 
While  the  livinf^  world  was  thus  unfolding  into  uaw  and  nobler  forms,  thtt 
immntable  Lingula  simply  perpetuated  its  kind.  To  select  it,  or  other  species 
equally  sliig^sh,  ns  the  sola  measure  of  the  rata  of  biologic  change  would  seem  aa 
strang'1  a  proceeding  as  to  confound  the  swiftness  of  a  liver  with  the  stagnation 
of  the  pools  that  lie  beeide  its  bauks.  It  is  occasionally  objected  that  the  story 
we  have  drawn  from  the  palteoniolo^ical  record  ih  mere  myth  or  is  founded  only 
on  negative  evidence.  Cavils  of  this  kind  prove  a  double  misapprehension,  partly 
ns  to  the  facts,  partly  as  lo  the  value  of  negative  evidence,  which  may  be  as  good 
in  its  way  ns  any  other  kind  of  evidence. 

Oeologists  arc  not  unaware  of  the  pitfalls  which  beset  ne)^tive  evidence,  and 
Ihey  do  not  conclude  Troni  the  absence  of  fossils  in  the.rocks  which  underlie  the 
Cambrian  that  pre-Cambrian  periods  were  devoid  of  life  ;  on  the  contrary,  they  are 
fully  persuaded  that  the  seas  of  those  times  were  tfeuiing  with  a  rich  variety  of 
invertebrate  fiffms.  How  is  it  that,  with  the  exception  of  some  few  species  found 
ia  beds  immediately  underlying  the  Camhrian.  these  have  left  behind  no  vestiga  of 
their  esiateoce  P  The  explanstinn  does  not  lie  in  the  nature  of  the  pediments, 
which  are  not  unfitted  for  the  preservation  of  fossilx,  nor  in  the  composition  of  tlie 
then  exisiing  sea  water,  which  may  ha  vecontnined  quite  as  much  cakuumcarbonate  as 
occurs  in  our  present  oceans;  and  the  only  pi  au  Bible  supposition  would  appear  to  be 
that  the  organisms  of  that  time  had  not  passed  beyond  the  sts^e  now  represented 
by  the  larvn  of  existinsr  invertebrala,  and  consequently  were  either  unprovided 
with  skeletons  or  at  all  events  with  skeletons  durable  enough  for  preservation.  If 
so,  the  history  of  the  earlier  stages  of  tlie  evolution  of  theinvertobratawill  rpceive 
no  light  from  palKontology  ;  and  no  direct  answer  can  be  expected  to  the  question 
whether,  eighteen  or  nineteen  millions  of  years  being  taken  as  sufficient  for  the 
evolutionof  the  vertebrate,  the  remaining  available  eight  millions  would  provide 
for  that  of  the  invertebrate  classes  which  are  represented  in  the  lowest  Cambrian 
deposits.  On  a  priori  grounds  there  would  appear  to  be  no  reason  why  it  should 
not.  If  two  millions  of  years  aiforded  time  enough  for  the  eonverrion  of  &h  ioto 
amphibians,  a  similar  period  should  suffice  for  the  evolution  of  trilobites  from 
nnnelids,  or  of  annelids  from  trochospheres.  The  step  from  gastrulas  to  trocho- 
sphercs  might  be  accomplished  in  another  two  millions,  and  two  millions  more 
tronld  take  as  from  imstrulas  through  morulas  to  protosoa. 

As  things  stand,  biologists  can  have  nothing  to  say  either  for  or  against  such 
a  conclusion ;  they  are  not  at  present  in  a  posiiion  to  oH'er  independent  evidence ; 
nor  can  they  hope  to  be  so  until  they  have  vastly  eitendea  those  promising 
inTeatigations  which  they  are  only  now  beginning  to  make  into  the  rate  of  the 
variation  of  species. 

Unexpected  Abtence  of  Thermal  Metamorpliona  in  Ancient  Eock». 

Two  difficulties  now  remain  for  discussion  :  one  based  on  theones  of  mountain 
chains,  the  other  on  the  unaltered  state  of  some  ancient  sediments.  The  latter  maj 
be  taken  first.  Professor  van  Hise  writes  as  follows  regsrdin^  the  pre-OambrLin 
rocks  of  the  Lake  Superior  district ;  'TheFenokee  series  furnishes  an  instructive 
lesson  as  to  the  depth  to  which  rocks  may  be  buried  and  yet  remain  but  slightly 
affected  by  metamorphosis.  The  series  itself  is  14,000  feet  thick.  It  was  covered 
before  being  upturned  with  a  great  thickness  of  Keweenaw  rock.  This  serieo  at 
the  Hontreal  River  is  estimated  to  be  50,000  feet  thick.  Adding  to  this  the  known 
thickness  of  the  Penokee  series,  we  have  a  thicknesa  of  64,000  feet.  .  .  .  Ths 
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Penokea  rocks  were  lien  buried  to  »  great  depth,  the  exact  unOtmt  depMdiitf 
upon  their  horiron  and  upon  the  sta^  in  Keweenaw  time,  when  the  tiltmg  and 
erosion,  which  brought  them  to  the  surface,  commenced. 

'  That  the  eynclbal  troujih  of  Lake  Superior  began  to  form  before  the  end  of  tba 
Keweenaw  penod,  and  consequently  that  the  reaokee  rocks  were  not  buried  under 
the  full  aucceasion,  ia  more  than  probable.  However,  they  must  have  been  burled  to  a 
iireat  depth— at  least  several  miles— and  thus  subjected  to  high  preasure  and 
tempeiatura,  notwithstanding  which  they  are  comparatively  unaltered.' ' 

I  select  this  oxample  because  it  is  one  of  the  boat  inetances  of  a  difficulty  tiMt 
occurs  more  than  once  in  conaidoring  the  history  of  eedimentary  rocks.  On  the 
BQppositioa  that  the  rate  of  increment  of  temperature  with  descent  ia  1°  F.  tot 
every  84  feet,  or  1°  C.  for  every  160  feet,  and  that  it  was  no  greater  during  then 
early  Peookee  times,  then  at  a  depth  of  50,000  feet  the  Peookee  rocks  would  attain 
a  temperature  of  nearly  333°  C. ;  and  iince  water  begins  to  exert  powerful  chemical 
actioD  at  180"  U.  they  should,  on  the  theory  of  a  solid  cooling  globe,  have  suffered 
a  meUmorpboais  aufficieiit  to  obscure  their  resemblance  to  sedimentary  rocka. 
Either  then  the  accepted  rate  of  downward  increase  of  tampurature  is  erroneous, 
or  the  Penokee  rocks  were  never  depressed,  in  the  place  where  tbey  are  expoaed 
to  observalioD,  to  a  depth  of  50,000  feat.  Let  us  consider  each  alternative, 
and  in  the  first  place  let  ua  apply  the  rate  of  temperature  increment  deter- 
mined  by  Profaeaor  Agassis  in  this  very  Lake  Superior  district :  it  is  1°  C. 
for  every  402  feet,  and  twenty-five  millions  of  years  ago,  or  about  the  time  when 
we  mav  suppose  the  Penokee  rocks  were  being  formed,  it  would  be  1°  C.  for  every 
305'5  feet,  with  a  resulting  temperature  at  a  depth  of  60,000  feet  of  168°  C.  only. 
Thus  the  admission  of  a  very  low  rate  of  temperature  increment  would  meet  the 
difficulty ;  but  on  the  other  hand  it  would  involve  a  period  of  several  hundreds  of 
millions  of  years  for  the  age  of  the  '  consistentior  atatua,'  and  thus  greatly  exceed 
Professor  Jolv's  maximum  estimate  of  tha  age  of  the  oceans.  We  may  therefor* 
turn  to  the  second  alromative.  As  rcgarda  this  it  is  by  no  means  certain  that  the 
exposed  portion  of  the  Penokee  series  ever  was  depressed  60,000  feat ;  the  beds  lie 
in  a  synclinal  the  base  of  which  indeed  may  have  sunk  to  this  extent,  and  entered 
a  region  of  metamorphosis ;  but  tha  only  psrt  of  the  aystem  that  lies  exposed  to 
view  ia  tbe  upturned  margin  of  the  synclinal,  and  as  to  this  it  would  seem  impoa- 
sible  to  make  any  positive  assertion  as  to  the  depth  to  which  it  may  or  may  not  have 
been  depressed.  To  keep  an  open  mind  on  the  .juestion  seemB  our  only  cour»  for 
the  present,  but  difficulties  like  this  offer  a  promiaing  field  for  investigation. 

TJie  Formation  of  Mountain  Ranges. 
It  is  frequently  alleged  that  mountain  chuns  canuot  be  eiplainod  on  the  hypc^ 
thesis  of  a  solid  earlb  cooling  under  the  conditious  and  for  the  period  we  haw 
Buppoaed,  Tbia  ia  a  quealion  well  worthy  of  consideration,  and  we  niay  first 
endt^avoiir  to  picture  to  ourselvea  the  conditions  under  which  mountain  chains  arise. 
The  floor  of  tha  ocean  lies  at  an  average  depth  of  2,000  fathoms  below  the  land, 
and  ia  maintained  at  a  conatant  temperature,  closely  approaching  0°  C,  by  the 
DMsaire  over  it  of  cold  water  creeping  from  the  polar  regions.  Tbe  average  tem- 
perature of  the  surface  of  the  land  ia  above  zero,  but  we  CHn  afford  to  disregard  tbe 
difference  in  temperature  between  it  and  the  ocean  Boor,  and  may  take  them  both 
at  zero  Consider  next  the  increase  of  temperature  with  descent,  which  occurs 
beneath  the  contlnenU:  at  a  depth  of  13,000  feet,  or  at  same  depth  as  tha  ocean 
floor  a  temperature  of  87°  C.  will  be  reached  on  the  auppoaition  that  tbe  rate  of 
increase  is  1°  0.  for  160  feet,  while  with  the  usually  accepted  rato  of  1°  C.  for 
108  feet  it  would  be  120°  C.  But  at  this  depth  tbe  ocean  floor,  which  ui  on  tbe 
«ime  spherical  surfsce,  is  at  0°  0.  Thus  surfaces  of  equal  temperature  within  tbe 
earth'a  crust  will  not  be  spherical,  but  will  nae  or  fall  beneath  an  imaginaiy 
aoherical  or  spheroidal  surface  according  as  they  occur  beneath  tbe  continents  or  tJ» 
ooeanj.    No  doubt  at  some  depth  within  the  earth  tbe  departnre  of  iwitlieroul 

'  Tenth  Anntatl  Beport  V.8.  Qeel.  Surrey,  18SS-S9,  p.  461. 
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Bor&cea  from  >  spberoidsl  form  will  dirappeiiF ;  but  coQsidering  the  ffreAt  breadth 
botii  of  continents  ejid  oceans  this  depth  must  be  considerable,  possibly  even  forty 
or  fifty  miles.  Thus  the  a  lib-continental  excess  of  temperature  ma;  make  itseu 
feh,  in  regions  irbera  the  rucks  still  retain  a  high  temperature,  and  are  probably  not 
far  removed  from  the  critical  fusion  point.  The  effect  will  be  to  render  the  con- 
tinents mobile  u  regards  the  ocean  floor ;  or,  vice  eered,  the  ocean  Soot  will  he  stable 
compared  inth  the  continental  manes.  Next  it  may  be  observed  that  the  con- 
tinents jiEiss  into  the  bed  of  the  ocean  by  a  somewhat  rapid  fleiure,  and  that  it  is 
over  this  area  of  flexure  that  the  sediments  denuded  from  the  land  are  deposited. 
Under  its  load  of  sediment  the  sea-floor  sinks  down,  subriding  slowly,  at  about  tha 
■ame  rate  as  the  thickness  of  sediment  increases ;  and,  whether  as  &  consequence  or 
a  cause,  or  )>oth,  the  flexure  marking  the  boundary  of  laud  and  sea  becoraes  more 
pronounced.  A  compensating  movement  occurs  within  the  earth's  crust,  and  solid 
material  may  How  from  under  the  subsiding  area  in  llie  direction  of  least  t«sist> 
aiice,pcamblj  towards  the  land.  At  length,  when  some  thirty  or  forty  thousand  feet 
of  sediment  have  accumulated  in  a  basin-like  form,  or,  according  to  our  reckoning, 
afterthelapseof  three  or  four  millions  of  years,  the  downward  movement  ceases,  and 
the  mass  of  sediment  is  subjected  to  powerful  Interal  compression,  which,  bringing 
its  borders  into  closer  proximity  by  some  tan  or  thirty  miles,  causes  it  to  rise  in 
great  folds  high  into  the  air  as  a  mountain  chain. 

It  is  this  last  phase  in  the  history  of  mouDtmn  making  which  baa  given  geo- 
logists more  cause  forpainful  thought  than  probably  any  other  branch  of  their  subject, 
not  excluding  even  the  age  of  the  earth.  It  was  at  hrst  imagined  that  during  the 
flow  of  time  the  interior  of  the  earth  lost  so  much  heat,  and  suffered  so  much  con- 
traction in  consequence,  that  the  exterior,  in  adapting  itself  to  the  shrunken  body, 
was  compelled  to  fit  it  like  a  wrinkled  garment.  This  theory,  indeed,  enjoyed  a 
happy  existence  till  it  fell  into  the  hands  of  mathematicians,  when  it  fared  very 
badly,  and  now  lies  in  a  pitiable  condition  neglected  of  its  friends.' 

For  it  seemed  proved  to  demonstration  that  the  contraction  consequent  on 
cooling  was  wholly,  even  ridiculously,  inadequate  to  explain  the  wrinkling.  But 
when  we  summon  up  courage  to  inquire  into  the  data  on  which  the  mathematical 
arguments  are  based,  we  find  that  they  include  several  aesumptions  the  truth  of 
which  is  by  no  means  self-evident.  Thus  it  has  been  assumed  that  the  rate  at 
which  the  fusion  point  rises  with  increased  pressure  ii  constant,  and  follows  the 
tame  law  as  is  deduced  &om  experiments  made  under  such  pressures  as  we  con 
command  in  our  laboratories  down  to  the  very  centre  of  the  earth,  where  the 
preMurea  are  of  an  altogether  different  order  of  magnitude  ■,  so  with  a  atill  more 
important  coelGcient,  that  of  expansion,  our  knowledge  of  this  quantity  is  founded 
on  the  behaviour  of  rocks  heated  under  ordinary  atmospheric  pressure,  and  it  is 
assumed  that  the  same  coefficient  as  is  thus  obtained  may  he  safely  applied  to 
material  which  is  kept  solid,  possibly  near  the  critical  point,  under  the  tremendous 
pressure  of  the  depths  of  the  crust.  To  this  last  assumption  we  owe  the  terrible 
iMigies  that  have  been  conjured  out  of '  the  level  of  no  strain.'  The  depth  of  this 
ae  calculated  by  the  Rev.  0.  Fisher  is  so  trifling  that  it  would  be  passed  through 
by  all  very  deep  mines.  Mr.  C,  Davison,  however,  has  shown  that  it  will  lie 
considerably  deeper,  if  the  known  increase  of  the  coefficient  of  expansion  with  riM 
of  temperature  be  taken  iato  account.  It  is  possible,  it  is  even  likely,  that  the 
coefficient  of  expansion  becomes  vastly  greater  when  regions  are  entered,  where 
the  rocks  ore  compelled  into  the  solid  stale  by  pressure.  So  little  do  we  actually 
know  of  the  Ijebaviour  of  rock  under  these  conditions  that  the  gaoloeist  would 
seem  to  be  left  very  much  to  his  own  devices ;  but  it  would  «eem  there  is  one 
tempttttjon  he  must  resist— he  may  not  take  refuge  in  the  hypothesis  of  a  liquid 
interior. 

We  ahall  boldly  aanime  that  the  contraction  at  aome  unknown  depth  in  the 
interior  of  the  Bortn  is  sufficient  to  afford  the  explanation  we  seek.  The  course  of 
events  may  then  proceed  as  follows.    The  contraction  of  the  interior  of  the  earth, 
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coDseqaeDt  rm  ita  loss  of  heat,  causes  the  cruet  to  fall  npon  it  in  Iblda,  vhieli  nsc 
OTGT  the  contiaentB  and  sink  under  the  oceans,  And  the  flrzure  of  the  area  of 

sedinieDtalloti  is  partly  a  consW|uence  of  this  folding,  partly  of  oterloading-.  By 
the  lime  a  dtpreesion  o1  some  30,000  or  40,000  feet  has  occurred  along  ihe  oceu 
border  the  relalioo  between  contineots  and  oceans  has  bvcome  unstable,  and 
readjustment  takes  place,  probably  by  a  giving  way  of  tbe  coaliDent«,  and  chiefly 
■long  tbe  zone  of  grentest  wi'skrese,  i.e.  tlie  area  of  sedimeatalion,  which  thnt 
becomes  the  zona  of  mountain  buildinjr.  It  may  be  obaerved  that  at  gre&t  depths 
readjnstment  will  be  produced  by  a  slow  flowing  of  solid  rock,  and  it  ia  only 
Compara^Tely  near  tlie  surface,  tive  or  ten  miles  at  the  most  below,  that  failure  of 
support  can  lead  to  sudden  fracture  and  collapse;  hence  the  compantively  supe> 
ficial  origin  of  earthouakes. 

Given  a  euSiciently  large  coeJRcient  of  expansion — and  there  is  much  to  augnest 
its  existence  ' — and  all  the  phenomena  of  mountain  ranges  become  explicable :  they 
begin  to  present  an  appeannce  that  inrites  maihematical  treatment;  they  inspire 
uswiththehopetliat  irom  k  knoivled^e  ot  tbe  height  and  dimeniiinus  of  atHintinent 
and  its  relations  to  ihe  bordering  ocean  we  may  be  able  to  predict  wheuand  where 
a  mountain  cbMin  should  arise,  snd  the  theory  which  explains  them  promisea  to 
guide  us  to  an  interpretatioQ  I'f  those  world-wide  unconformities  which  Sues* 
can  only  account  for  by  a  tran^gTesuon  of  tbe  sea.  Finally  it  relieves  us  of  ths 
difEcutty  presented  by  mountain  formation  in  regard  to  the  estimated  duration  of 
geological  time, 

Injlutnee  of  Variations  in  tlie  Eceenlricily  of  ihe  Earth'i  Oriit. 
This  may  perhaps  be  the  place  to  notice  a  highly  interesting  speculation  which 
we  owe  to  Professor  Blytt,  who  has  attempted  to  establish  a.  connection  between 
p^odsof  readjustment  of  tbe  earth's  crust  and  Taiiations  in  the  eccentricity  of 
the  earth's  orbit,  '^'iihout  entering  into  any  discussion  of  ProfeMor  Blytt's 
methods,  we  may  offer  a  comparison  of  bis  results  with  those  that  follow  from  our 
rough  estimate  of  one  foot  of  sediment  accumulated  in  a  century. 

Table  thoJcitig  the  Time  that  kai  elapted  tince  the  Brffinnitiff  nf  the  Sifglems  in  tie 
_fii-il.  column,  at  reckoned  from  Tkicknen  of  Sediment  tn  the  teoond  rohtmn, 
and  by  i'rofesior  Blytt  in  the  third: — 


- 

Year. 

year* 

Eocene     .... 

Miocene 

Pliocene  .... 

Pleistocene       . 

.        .  ;            4,300,000 

.  1            3,000,000 

.  1            1,800.000 

900,000 

.        .  '               400,000 

3,260.000           ' 

1,810.000       ; 

1,160.000           ! 
700,000 
350,000 

It  is  now  time  to  return  to  the  task,  too  long  postponed,  of  discusaog  the  data 
from  vbich  we  have  been  led  to  conclude  that  a  probable  rate  at  which  BedimeDt* 
bare  accumulated  in  places  where  tbey  attain  their  maximum  tbickneta  ia  ona  foot 
per  century. 

Jiate  of  Depoeition  of  Sediment. 
Wf  ove  to  Sir  Archibald  Oeihie  a  most  instructive  method  of  estimating  the 
existing  rale  at  which  our  continents  and  islands  are  being  washed  into  the  sm  by 
the  action  of  rain  and  rivers:  by  this  we  find  that  the  present  land  surface  is  being 
reduced  in  he'glit  to  tbe  extent  on  an  average  of  ^^^  foot  yearly.'  If  the 
material  removed  from  the  land  were  unifbrmlr  distributed  over  an  area  equal  to 
that  from  which  it  had  been  derived,  it  would  iorm  a  layer  of  rock  g^g  foot  thick 
yearly,  i.e.  tbe  rates  of  denudation  and  deposition  would  be  identical.  But  the  twD 
areaSjthatof  denudation  and  that  ofdeposition,  ore  atddom  or  never  equal,  the  latter 
>  Vide  p.  716.  '  AoOOTding  to  Profeasor  Peuek  j^  foot 
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as  arulsbein^mucfa  die  smaller.  Thus  tba  atea  of  that  part  of  North  America 
which  drainaiQto  the  Gulf  of  Mexico  meaaiiree  1,800,000  square  miles;  the  area 
over  which  its  aedimects  are  deposited  is,  m  far  as  I  can  gather  from  Profeasor 
Agasaiz'sstatmieiita,les3  than  180,000  square  miles  j  while  Mr.  McGee'eatimates  it 
at  only  100,000  square  miles.  irflin}f  the  larger  number,  the  area  of  deposition  is 
found  to  measure  one  tenth  Ihe  area  of  denudation ;  the  averftRB  rate  of  depositioii 
will  tlierefore  be  ten  times  as  great  aa  the  rate  of  denudation,  or^Jg  foot  may  be 
supposed  to  be  uniformly  distributed  over  the  area  of  sedimentation  in  the  course 
of  a  year.  But  the  tbicknesa  by  which  we  have  measured  the  atrata  of  oui 
geological  systems  is  not  an  average  but  a  maximum  thickness;  we  have 
therefore  to  obtain  an  estimate  of  the  maiimum  rate  of  depoeitioa.  If  we 
assume  the  deposited  eeilimente  to  be  arran^d  somewhat  after  the  fashion  of  n 
wedge  with  the  thin  end  eaawards,  then  twice  the  average  would  give  ns  the 
maximum  rate  of  deposition:  this  would  be  one  foot  in  120  years.  But  the  sheets  of 
deposited  sediment  are  not  merely  thicker  towards  the  land,  thinner  towards  the 
sea,  they  also  increase  in  thickness  towards  the  rivers  in  which  they  have  their 
source,  so  that  a  very  obtuse-angled  cone,  or,  better,  the  down-tumed  bowl  of  a 
spoon,  would  more  nearly  represent  their  form.  This  form  tends  to  disappear  under 
tne  action  of  waves  and  currents,  but  a  limit  is  set  to  this  disturbing  influence  by  the 
aubsidencewhich  marks  the  region  opposite  the  mouth  of  a  large  river.  By  this  the 
strata  are  gradually  let  downwards,  so  that  they  come  to  assume  the  form  of  the 
bowl  ofa  spoon  turned  upwards.  Thusa  further  correction  ia  necessary  if  we  are  to 
arrive  at  a  fair  estimate  of  the  maximum  rate  of  deposition.  Considering  the  very 
rapid  rate  at  which  our  ancient  systems  diminish  in  thickness  when  traced  in  all 
directions  from  the  locolitiue  where  they  attain  their  maximum,  it  would  appear 
that  this  correction  must  be  a  large  one.  If  we  reduce  our  already  corrected 
estimate  by  one  sixth,  we  arrive  at  arate  of  one  footof  sediment  deposited  in  a  century. 

No  doubt  this  value  ia  ofteti  exceeded ;  thus  in  the  case  of  the  Mississippi 
Biver  the  bar  of  the  south-west  pass  advanced  between  the  years  18SH  and  1874  a 
distance  of  over  2  miles,  covering  an  area  2-2  miles  in  width  with  a  deposit  of 
sediment  80  feet  in  thickness;  outside  the  bar,  where  the  sea  is  2o0  feet  in 
depth,  sediment  accumulates,  accoiding  to  Messrs.  Humphreys  and  Abbot,  at  a 
rate  of  2  feet  yearly.  It  is  quite  po!«ible,  indeed  it  is  very  likely,  that  some  of 
our  ancient  strata  have  been  formed  with  correspondinfir  rapidity.  No  gravel 
nor  coarce  sand  is  deposited  over  the  Mississippi  delta;  such  material  is 
not  carried  further  seawards  than  Kew  Orleans.  Thus  the  vast  sheets  of 
conglomerate  and  sandstone  which  contribute  so  largely  to  some  of  our  ancient 
systems,  such  aa  the  Cambrian,  Old  ICcd  Sandstone,  Millstone  Grit,  and  Coal 
Measures,  must  have  accumulated  under  very  different  conditious,  conditions  for 
which  it  is  not  easy  to  find  a  parallel ;  but  in  any  case  these  deposits  afford 
evidence  of  very  rapid  accumulation. 

These  conaderations  will  not  tempt  us,  however,  to  modify  our  estimate  of 
one  foot  in  a  century ;  for  though  in  some  cases  this  rate  may  have  been  exceeded, 
in  others  it  may  not  have  been  nearly  attained. 

Closely  connected  with  the  rate  of  deposition  is  that  of  the  changing  level  of 
land  and  sea;  in  some  cases,  as  in  the  Wealden  delta,  subsidence  and  depo^tion 
appear  to  have  proceeded  with  equal  steps,  so  that  we  might  regard  them  as 
transpoeable  terms.  It  would  therefore  prove  of  great  assistance  if  we  could 
determine  the  average  rate  at  which  movements  of  the  ground  are  proceeding;  it 
might  naturally  be  expected  that  the  accurate  records  kept  by  tidal  gauges  in 
various  parts  ot  the  world  would  afford  us  some  information  on  this  subject ;  and 
no  doubt  they  would,  were  it  not  for  the  singular  misbehaviour  of  the  sea,  which 
does  not  maintcun  a  constant  level,  its  fluctuations  being  due.  according  to 
Professor  Darwin,  to  the  irregular  melting  of  ice  in  the  polar  regions.  Of  more 
immediate   application    are  the  results  of  Herr  L.  Holmstriim's  observations   i 


Scandinavia,  which  prove  an  average  rise  of  the  peninsula  at  the  rate  of  3  feet 
in  a  century  to  be  still  in  progress  ;  and  Mr.  G.  K.  Gilbert's  measurements  in  the 
great  Lake   district  of  North  America,  which  indicate  a  tilting  of  the  continent 


t  the  rate  of  3  inches  per  hundred  miles  per  century.     But  while  measurements 
like  these  may  furnish  us  with  some  notion  of  the  sort  of  speed  of  these  chang'es 
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a  UTsrage;  for  this  we  m'jst  be  content  to 
a  have  accumulated,  and  the  diBturbing  effect 
of  the  iDCoastaDC^  of  Ihe  aea-level  U  elimiaated. 

It  maj  be  objected  that  in  framing  our  eatimate  we  have  taken  into  account 
mechaaical  EedimeDlB  odIj,  and  ignored  otbers  of  equal  importance,  such  aa  lime- 
Bt^ine  and  coal.  With  regard  to  limestone,  its  tJiicknees  ia  regioDe  where  njatema 
attain  their  maximum  may  be  taken  as  neglifrible ;  dot  ia  the  formation  of  lime- 
Btone  necesaarily  a  slow  process.  The  successful  ezperimentB  of  Dr.  Allan, 
cited  by  Darwin,  prove  that  reef-building  corals  may  grow  at  the  astonishing 
rate  of  6  feet  in  height  per  annum. 

In  respect  of  coal  there  ia  much  to  suggest  that  its  growth  was  rapid.  The 
cuboniierouB  period  well  deserves  its  name,  for  never  before,  never  since,  have 
Carbonaceous  deposits  accumulated  to  such  a  remarkable  thickneas  or  over  Bueh 
wide  areas  of  the  earth's  surface.  The  explanation  is  doubtless  partly  to  be  found  in 
favourable  climRtat  conditions,  but  also,  I  think,  in  the  youthful  energy  of  a  new 
and  overmastering  type  of  vegetation,  which  then  for  toe  firet  time  acquired  the 
dominion  of  the  land.  If  we  turn  to  our  modem  peat-bo^  the  only  otrbona- 
ceouB  growths  available  for  comparisoD,  we  find  tram  data  given  by  Sir  A.  Geikie 
that  a  furly  average  rate  of  increase  is  6  feet  in  a  century,  which  might  perhaps 
correspond  to  one  foot  of  coal  in  the  same  period. 

The  rate  of  deposition  has  been  taken  as  uniform  through  the  whole  period  of 
time  recorded  by  stratiRed  rocks ;  but  lest  it  should  be  eupposed  that  this  involves 
a  taut  admission  of  uniformity,  t  hasten  to  explain  that  tn  this  matter  we  havs 
no  choice ;  wo  may  feel  convinced  that  the  rate  haa  varied  from  time  to  time,  hut 
in  what  direction,  or  to  what  ezt«nt,  it  is  impossible  to  conjecture.  That  the  son 
was  once  much  hotter  is  probable,  but  equally  ho  that  at  an  earlier  period  it  was 
much  colder ;  and  even  if  in  its  youth  all  the  activities  of  our  planet  were 
enhanced  thia  fact  might  not  affect  the  maximum  thickness  of  depomta.  An 
increase  in  the  radiation  of  the  aun,  while  it  would  stimulate  all  the  powers  of 
Bubaerial  denudation,  would  also  produce  stronger  winds  and  marine  currents; 
atronger  currents  would  also  result  from  the  greater  ma^ltude  and  frequency  of 
the  tides,  and  thus  while  larger  quantities  of  sediment  might  be  delivered  into  the 
sea  they  would  he  diatributed  over  wider  areas,  and  the  difference  between  the 
maximum  and  avemge  tbicknesa  of  deposits  would  consequently  he  diminished. 
Indications  of  such  a  wider  distribution  may  perhaps  be  recognised  in  the  Polteoioic 
systems.  Thus  we  are  compelled  to  treat  our  rate  of  deposition  as  uniform,  not- 
withstanding the  serious  error  this  may  involve. 

The  reasonnhlenesa  of  our  eatimate  will  perhaps  best  appear  from  a  few  appli- 
cations. Fig.  2  is  a  chart,  based  on  a  map  by  De  Iiapparent,  repreoenting  the 
distribution  of  land  and  sea  over  the  European  area  daring  the  Cambrian  period. 
The  strata  of  this  system  attain  their  maximum  thickness  of  12,000  feet  in 
Merionethshire,  Wales ;  they  rapidly  thin  out  northwards,  and  are  absent  in 
Angleepy;  scarcely  less  rapidly  towards  Shropshire,  where  tbey  are  3,000  feet 
thick  ;  still  a  little  leas  rapidly  towards  the  Malvems,  where  they  are  only  800  feet 
thick ;  and  most  slowly  towards  St.  David's  Head,  where  they  are  7,400  feet  thick. 
The  Cambrian  rocks  of  "Wales  were  in  all  probability  the  deposits  of  a  river 
Nystem  which  drained  some  vanished  land  once  «tuated  to  the  west.  How  great 
was  the  extent  of  this  land  none  can  say ;  some  geologists  imagine  it  to  nave 
obliterated  the  whole  or  greater  part  of  the  North  Atlantic  Ocean.  For  my  part 
I  am  content  with  a  somewhat  lai^e  island.  What  area  of  this  island,  we  may 
ask,  would  suffice  to  supply  the  Cambrian  Ecdiments  of  Wales  and  Shropshire  P 
Admitting  that  the  area  of  denudation  was  ten  times  as  large  as  the  area  of 
depoution,  its  dimensions  at«  indicated  by  the  figure  a  li  c  don  the  chart.  This 
evidently  leaves  room  enough  on  the  island  to  furnish  all  the  other  deposits 
which  are  distributed  along  the  western  shores  of  the  Cambrian  Sea,  while  those 
on  the  east  ate  amply  provided  for  hy  that  portion  of  the  European  continent 
which  then  stood  anove  water. 

If  one  foot  in  a  century  be  a  quantity  so  small  as  to  disappoint  the  imagina- 
tJOD  of  it$  ac^uftomed  exercjee,  let  us  tun)  to  ttw  Camhruvn  Buc(e»)0|i  of  $eai}< 
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dinsTia,  where  all  tbe  ttmea  recognieed  in  the  Britieb  series  ue  represettted  by  & 
column  of  Bediment  290  faet  in  thickneas.  If  i,600,000  years  be  &  correct 
eatimale  of  tbe  durtdoa  of  ('imbrian  time,  then  e&oh  foot  of  the  SoaQdiDaviaii 
strata  miut  have  occupied  5,G1S  years  in  itn  formation.  Are  tbesu  figures 
sufficiently  inconceivable  P 

In  tbe  succeeding  sjetem,  that  of  the  OrdoTician,  the  maximum  thicbDees  ia 
17,000  feet.  lt«  deposits  are  distributed  over  a  wider  area  than  the  Cambrian, 
but  they  also  occufued  longer  time  in  tbeir  fonnation  ;  hence  the  ares  from 
which  they  were  derived  aera  not  necessarily  baTe  been  larger  tban  that  of  tbe 
preceding  neriod. 

Great  changes  in  the  geography  of  our  ares  ushered  in  the  Silurian  system :  it< 
maximum  tbicKnesa  is  found  over  tbe  Lake  district,  and  amounts  lo  1^,000  feet; 

Fig.  2.— Chart  of  thedistribntionof  land  and  sea,  and  of  the  thickness  of  deposits  of 
the  Cambrian  system.  The  dotted  lines  indicate  distances  of  100  and  300 
miles  from  tbe  shore. 


n  tbe  little  island  of  Gothland,  where  all  tbesuhdirisions  of  the  system, 
jandovery  to  the  Upper  Ludlow,  occur  in  complete  sequence,  the  thidrn 


tbe  Landovery  to  the  Upper  Ludlow,  occur  in  complete  sequence,  the  thidrness  is 
only  308  feet.  In  Gothland,  therefore,  according  to  our  computation,  the  rate  of 
accumulation  was  one  foot  in  7,311  years. 

With  this  example  we  must  conclude,  merely  adding  that  the  same  story  is 
told  by  other  systems  and  other  countries,  and  that,  so  far  as  my  investigations 
have  extended,  I  can  find  no  evidence  which  would  suggest  an  extension  of  the 
estimate  I  have  proposed.  It  is  but  an  estimate,  and  those  who  have  made 
acquaintance  with 'estimates' in  the  practical  affairs  of  life  will  know  how  far 
this  kind  of  commutation  may  c-uide  us  to  or  from  the  truth. 

This  Address  is  already  unduly  long,  and  yet  not  long  enough  for  the  msgni* 
tnde  of  the  subject  of  which  it  treats,    Ag  we  glance  backward!  orer  tbe  past  wa 
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•ee  calastropbism  yield  to  uniformitariBDiBni,  and  tliie  to  evolulIoD,  but  each  u 
it  dirappeora  leaves  behind  some  precioua  residue  of  truth.  For  the  future  of  oar 
science  our  ambition  is  that  which  inspired  the  closing  words  of  tout  kst 
President's  Address,  tbat  it  may  become  more  experimeDtal  and  exact.  Our  pr&- 
aent  n&tchword  is  Evolution.  Majr  our  next  be  Measurement  and  Experiment, 
Experiment  and  Measurement, 

The  following  Papers  were  read: — 

1.  J^otfson  tfie  Geology  and Falaontology  of  Paiagonia, 
By  W.  B.  Scott,  Princeton  Univenity. 

For  the  past  four  years  Princeton  L'niversitj  has  been  conducting  explorations 
in  Patafonia  under  the  direction  of  Mr.  J.  B.  Hatcher.  The  Isrfre  expenses  of  tba 
undertaking  have  beeo  defrayed  br  tbe  geEerosity  of  friends  in  New  York  and 
Baltimore,  and  Mr.  J.  Pierpont  Morgan  has  given  the  sum  of  5,000/.  for  tha 
publication  of  the  important  results  wbich  Mr.  Hatcher  has  obtained. 

The  oldest  sedimentary  furniatiou  obeeired  is  a  marine  Cretaceous  found  in  ika 
Cordillera ;  the  Ammonites  of  this  horizon  have  been  studied  bj  Mr.  Stanton,  and 
he  reports  that  they  indicate  Gaul t  age  and  show  close  relationship  to  theUitenhage 
beds  of  South  Africa. 

The  oldest  marine  Tertiaries  are  given  in  the  section  near  tbe  Struta  of 
Magellan,  and  m^  assistant,  Dr.  Ortmsnn,  informs  me  that  the  fossils  point  to  a 
late  Eocene  or  Oligocene  age  for  these  beds,  which  he  has  called  the  Megellanian 
beds.  These  are  overlaid  by  the  great  PatBgonisD  formation,  which  is  of  great 
extent,  of  marine  origin,  and  richly  fossiliferous.  The  2()0  species  of  marine 
invertebrate  fossils  obtained  from  this  horizon  have  been  studied  by  Dr.  Ortmann, 
and  lead  to  some  very  interesting  condu?iona.  In  tbe  first  place  they  unequi- 
vocally demonstrate  the  Miocene  age  of  the  beds  (not  Cretaceous  and  oldest 
Eocene  as  Ameglimo  has  maintained),  and  in  the  second  place  they  display  the 
closest  resemblance  to  the  Miocene  of  Australia  and  New  Zealand,  pointing  to  a 
shore  connection  with  those  countries  in  Miocene  time?.  The  Patagonian  and 
supnt-Patagonian  stagts  are  shown  not  to  be  distinguishable. 

The  Sauta  Cruz  beilii,  a  frerb-water  end  terrestrial  formation,  overlie  and 
partiallv  duvetail  in  with  the  Patagonian.  They  contain  an  incredibly  abuoilaot 
and  varied  mammalian  fauna,  of  which  a  vast  collection  was  brought  home.  This 
fauna  baa  only  a  very  remote  connection  with  the  Miocene  mammals  of  the 
Dortbem  hemisphere,  and  itrongly  confirms  Rutimeyer's  contention  of  a  southern 
centre  of  distribution.  Tbe  presence  of  numerous  carnivorous  marsupials  (there 
are  no  true  Carmvora)  is  additional  evidence  of  a  connection,  direct  or  indirect, 
with  Australia. 

Tin  conformably  overlying  the  Santa  Cruz  i.'<  another  marine  formation,  dis- 
covered by  Mr.  Hatcher  and  by  him  named  the  Cape  Furweather  beda.  The 
fossils  indicate  the  Pliocene  age  of  these  beds. 

Mr.  Hatcher's  labours  have  thus  resulted  in  proving  that  Patagonian  geology 
is  in  complete  accord  with  the  system  established  for  the  northern  hemisphere,  and 
that  it  is  not  of  such  exceptional  character  as  bas  been  supposed. 


^.  On  the  Order  of  the  Fortnalion  of  the  Silicaleg  in  Igrieoua  Rock*. 
Sy  Prof.  J.  Joi-Y,  M.A.,  D.Sc,  F.R.S. 

The  viscous  properties  of  fused  silica  are  shown,  by  experiments  on  the 
stretching  of  '  quartz  fibres,'  to  extend  to  temperatures  so  low  as  716°  C.  The 
silica  fibre  develops  crystalline  structure  at  104(J°  O.  Bock  crystal  in  fine  powder 
exposed  on  the  platinum  ribbon  of  the  meldometei  to  a  temperatura  of  1100°  G. 
for  four  hours  shows  distinct  evidence  of  fusion.  At  1200°  0.,  falling  to  915°  0. 
in  eishteen  hours,  its  fusion  and  incipient  recrystallisation  are  easily  accomplished. 

Tbe  principal  silicates  under  prolonged  heating  (four  hours)  melt  at  tempera- 
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tares  which  in  all  cones  are  inferiOT  to  the  meltlDg  points  determined  on  hrief 
obeerratioD.  It  is  found  tliat  silicates  of  low  percenta^  of  silica  show  r  lets 
depreseioa  of  melting  point  than  those  of  high  silica  percentiige,  the  result  being 
that  the  melting  points  as  newly  determined  fall  ioto  general  hftrmonj  with  the 
noimiil  order  of  consolidation. 

The  suggestion  is  oH'ered  that  the  time  requited  for  the  CT^stnllised  silicates  to 
assume  the  appearance  of  fusion  is  a  rough  measure  of  the  atahiiity  of  the 
crystalline  a^regate  under  conditions  of  high  temperature  ;  for,  in  fact,  it  is  a 
measure  of  the  crystalline  rigidity  opposing  the  unbalanced  molecular  surface- 
force.  It  is  shown  that  if  this  be  accepted  the  stahility-relatione  of  the  silicates  with 
one  another  may,  according  to  the  experiments,  rary  with  temperature.  Thus  the 
manner  in  which  the  time  required  to  elf'ect  fusion  varies  with  the  temperature  in 
the  cases  of  leucite  and  augite  would  indicate  that  in  a  tiigh  temperature  nuuraia 
the  stability  of  leucite  may  be  greater  than  au^ite,  and  leucite  may  crystallise 
in  advance  of  augite.  At  lower  I«mperaturee  auffite  is  tlie  more  stable,  and  would 
be  idiomorphic  towards  leucite.  In  a  cooling  magma  every  stage  of  mutual 
relations  may  arise.  There  will  be  one  temperature  for  such  substances  at  which 
the  stabilities  are  equal,  and  at  this  temperature,  phenomena  of  intergrowtb,  such 
Kt  pegmatitic  develupment,  will  be  favoured. 

Quariz  may  separate  idiomorphically  in  a  high  temperature  magma,  being  at 
high  temperatures  mure  stable  than  most  of  the  silicates,  or  it  may  be  left  over  as 
a  residual  constituent  in  a  low-tempemture  magma,  most  of  the  ferro-magnesian 
silicates  being  more  ktable  at  law  temperatures.  Again  at  low  temperatures  its 
stability  and  that  of  the  felspnrs  approiimate,  and  pegmatitic  intergrowtb  as  a 
frequent  reeidnum  is  accordingly  to  be  expected. 

xbe  normal  order  of  com- olid ation  follows  in  general  that  of  the  maximum 
sttbiliiies  of  the  silicates,  that  is,  tbeir  stabilities  at  low  temperatures.  Abnor- 
malities of  order  miiy  be  expected  to  arise  more  especially  in  connection  with  rapid 
cooling  of  a  msgma  tor  long  preserved  under  conditions  of  high  tempeiature. 

Appearances  of  magmatic  instability,  such  as  resorption,  alteration  of  species, 
corrosion,  &c.,  are  ascribed  to  changes  in  the  stability  relations  of  the  silicates 
with  descending  temperature. 

3.  On  Uie  Geohyical  Age  of  the  Earth  aa  indicated  by  the  Sodiiim-eotUenU 
of  the  Sea.    By  Prof.  J.  Jolt,  D.Sc,  F.B.S.~-^fia  Reports,  p.  369. 


4.  Some  Experiments  on  Denudation  in  Fre»h  and  Salt  Water. 
By  Prof.  J.  Jolt,  J}.Sc.,  FM.S. 

The  question  of  the  relative  rates  of  solution  in  fre^h  and  salt  water  of  the 
more  important  rock  materials  is  considered  in  this  paper,  which  records  the 
results  of  experiments  on  basalt,  ortboclase,  obsidian,  and  hornblende. 

In  these  experiments  equal  weights  of  fresh  material  in  the  same  state  of 
subdivision  are  exposed  to  the  solvent  action  of  iresh  and  salt  water  under  like 
conditions  of  temperature,  aeration,  &c. 

In  order  to  secure  full  aeration,  in  one  set  of  four  duplicate  experiments  on 
the  substances  mentioned,  the  material  is  treated  in  the  form  of  fine  powder,  and 
the  solvent  containing  it  maintuned  in  motion  by  a  continuous  stream  of  filtered 
and  moistened  air  escaping  in  bubbles  at  the  bottom  of  the  containing  vessel.  The 
maintained  action  of  atmospheric  carbod  dioxide  and  oxygen  is  thus  secured. 
After  three  months'  continuous  exposure  to  these  conditions  the  solvent  was 
removed  and  analysed. 

In  a  eecond  I'orm  of  experiment,  confined  to  basalt,  the  fresh  material  is 
brought  to  the  grain  of  a  fine  sand,  and  is  placed  in  U-tuhes  through  which  the 
solvent  passes  alternately  in  opposite  directions,  air  being  freely  admitted.  This 
experiment  lasted  for  four  months,  the  circiUation  of  the  solvent  being  m<untsinad 
for  ux  bours  daily. 
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Id  tbe  fintl  nenlta  the  analyte*  of  tlw  salt-water  Bolationa  aie  compiired  with 
tbo  anklfiw  of  unused  eamplea  of  the  sea  water. 

The  reHuIts  io  all  cases  ascribe  to  the  sea  water  soWect  eflPects  greetlj 
exceeding  those  of  freah  water,  contrary  to  wbat  is  geouTtillj  believed  to  be  the 
case.  Although  it  was  found  impoa^bla  to  estimate  tbe  alkalirs  and  magneda 
takeu  up  by  the  sea  watsra,  the  total  estimated  amount  of  material  talcen  into 
iiolution  is  from  S^  to  14  times  tbe  mass  determined  in  the  fresh-water  eolutions, 
tha  preponderance  bdng  speciallj  marked  in  tbe  lime.  Complete  analjees  of 
the  sea  water  would,  of  course,  lacribe  a  atill  fjreater  preponderance  to  its 
activitj.  Tbe  preponderance  of  actirit;  ia  most  marked  in  tbe  casea  of  ortboclasa 
and  hornblende.  Obeidian  proved  to  be  the  moat  insoluble  of  the  subetaucea 
dealt  with. 

Tbe  consideration  of  the  applicatiou  of  these  ezperiments  to  the  relative  rates 
of  marine  and  atmospherio  denudation  is  deferred  tOl  other  eiperimeuts  are  com- 
pleted, as  thii  question  also  involves  tbe  conservative  action  of  ezhanst«d 
materials  precipitated  or  left  tn  situ.  But  the  experiments  as  they  stand  show 
that  the  conclusion  often  drawn  from  Daubrfe'a  well-known  expariment  with 
arthocla>e  ezpoeed  to  tbe  solvent  aotion  of  chloride  of  sodium  solution  is  erroneous, 
sea  water  in  presence  of  the  atmosphere  being  a  much  more  aottve  solvent  of 
rock  materisis  than  freah  water. 


5,  The  Inner  Mechanigm  of  Sedimentation, 
By  Prof  J.  Jolt,  D.Se.,  F.S.S. 

The  ptecipitati:ig  eSects  of  marine  Balls  on  suspended  particles  of  clay,  £c., 
are  responsible  for  gvoloi;ieal  effects  of  great  magnitude.  This  paper  is  occupied 
by  an  account  of  experimental  work  directed  to  the  investigation  of  the  inner 
mechanism  of  these  actions. 

It  is  shown  that  the  precipitating  effects  of  salts  in  solution  in  general  vary  with 
the  valeocy  of  the  electro-positive  ion  and  (within  certain  limits)  according  to  th« 
same  law  as  obtains  in  the  case  of  the  cuoguUtive  power  exerted  bv  electrolytes 
on  colloids.  At  very  extreme  dilutions  a  further  remarkable  activi^  of  triad 
salts  is  revealed. 

These  actions  are  oscrihed  to  the  electrical  eifects  of  the  ions  which  by  their 
free  chaises  neutralise  the  repulsive  '  electric  layers '  of  the  immersed  particles, 
bringing  aboat  flocculatkin,  wneu  precipitation  follows,  the  theory  being  similar 
to  that  whii^  has  been  applied  to  colloids. 

The  extension  of  tbe  theory  to  the  larger  particles  involved  in  sedimentation  is 
considered.  It  is  shown  that  larger  particles,  by  diminishing  the  element  of 
chance  enWringf  into  the  encounters  of  ions  with  particles,  will  tend  to  conceal 
the  valency  efiects.  Conformably  with  this  it  is  found  that  the  finer  sediments 
require  more  concentrated  solutions  than  the  coarser  to  produce  equal  eSecta. 
Similarly  it  is  shown  that  at  hiRh  concent  ratio  nn  the  effects  dependent  on  the 
amount  of  charg-e  carried  by  the  ion  (the  valency  effects)  should  be  concealed.  In 
agreement  with  this  it  is  observed  tbat  concentrations  above  about  05  gram 
equivalents  per  litre  produce  ffocculative  efliicts  equal  in  degree  in  monad,  diad, 
and  triad  calls. 

The  flocculative  effects  of  the  constituents  of  sea  water  are  compared,  and  it 
is  shown  that,  owing  to  its  monad  valency,  the  chloride  of  sodium,  although  so 
largely  preponderating,  produces  effects  no  greater  than  the  separate  effects  lU  the 
magnesium  chloride  and  magnesium  siUphate  present,  and  rather  inferior  effects  to 
tbe  calcium  aulphate. 

Applications  to  geology  follow.  The  compacting  of  marine  sediments  and  the 
deposition  in  bulk  of  the  finer  detrital  sedimentary  rocks  are  ascribed  to  tbe 
ioniMtioa  in  the  sen  of  tbe  salts  dissolved  by  denudation  from  the  rocka. 
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6.  On  Tidal  Sand  Ripples  above  Low-water  Mark. 
By  Vaoohas  Cornish,  M.Sc,  F.C.S.,  F.R.G.S. 

In  the  tbird  Repsrt  of  the  Committaa  appointed  to  investigBte  the  Action  of 
■Wares  and  Currents  on  the  Beds  and  ForeshoreB  of  Estuaries  by  meana  of  Working 
Modelfl(CardiiFmeeting,  1891),  ProfeasorOBbornaReynoldB  writes:— 'The  iBiye  tidal 
Htnd  ripples  below  low  water  in  the  model  estuaries,  with  the  flood  and  ebb  taking 
the  same  course,  constitute  a  feature  which  it  is  impossihle  to  overlook,  jret  the 
existence  of  corresponding  ripples  had  heen  entirely  overlooked  in  actual  estuaries 
until  they  were  found  to  exist  when  they  were  looked  for,  having  been  first  seen 
in  the  models.  The  reason  that  they  were  oTerloolied  before  is,  do  doubt,  ex- 
plained by  the  fact  that  the  bottom  is  not  visible  below  low-water  mark  in  actual 
estuaries ;  but  this  is  not  all.  In  the  estuaries  these  ripples,  where  found,  have  been 
conflned  to  the  bottoms  and  sides  of  the  narrow  channels  between  high  sand-banks, 
and  they  do  not  occur  on  the  level  sands  below  low  water  towards  the  mouths  of 
estuaries  to  anything  like  the  same  extent  as  in  the  models.' 

In  December  1899  the  author  observed  that  the  extensive  sand-banks  which 
are  exposed  at  every  tide  in  the  Alawddach  Estuary,  opposite  Barmouth,  North 
Wales,  ^ere  covered,  even  in  their  highest  parts,  with  remarkably  regular  series 
of  sand  ripples,  averaging  about  16  feet  from  ridge  to  ridge.  The  identity  of 
oiigin  of  theee  sand  ripples  with  the  tidal  sand  ripples  of  Osborne  Reynolds  was 
soon  established,  and  it  appeared  that  they  afforded  an  opportunity  for  more  de- 
tailed study  than  is  practicable  in  the  case  of  structures  beneath  low-water  mark. 
The  author  therefore  made  observations,  with  measurements  and  photof^phs, 
during  the  six  months  January-June  1900,  of  the  sands  at  Barmouth  (iV.  Wales), 
Orange  (Lancashire),  Findhom  (N.B.),  Montrose  (N.B.),  Mnndesley  (Norfolk),  the 
Goodwins,  Pegwell  Bay  (Kent),  on  the  Severn  twtween  Newnbam  and  Severn 
Tnnnel,  and  at  Aherdovey  (N.  Wales). 

It  appears  that  between  certain  limits  of  speed  and  depth  the  stfady  action 
of  a  current  can  produce  these  ripples  of  regular  wave-lenirth  without  the 
agency  of  periodic  quickenings  and  checkings  such  as  operate  in  the  formation  of 
the  ordinary  ripple-mark  of  the  strand.  The  author  has  observed  in  the  ehaUow 
streams  of  sandy  foreshores  that  a  train  of  sand  ridges  of  regular  wave-length  is 
produced  almost  instantaneously  when  the  velocity  of  the  stream  becomes 
eufGcient  to  render  the  water  decidedly  tnrbid  with  flying  sand.  Un  the  other 
hand,  a  currant  flowing  over  tidal  sand  ripples  with  clear  water  can  be  seen 
te  lower  them.  It  appears  probable  that  their  formation  commences  at  that 
critical  velocity  at  which  a  great  part  of  the  moving  sand  is  thrown  into  '  eddying 
suspension,'  and  no  longer  merely  rolls  or  slides  along  the  bottom ;  and  that  they 
can  be  produced  independently  of  co-operation  between  flood  and  ebb,  although 
where  nood  and  ebo  pursue  the  same  course  but  in  opposite  directions  the 
ridges  may  become  more  regular.  The  mechanism  of  tbeir  formation  seems  to 
be  as  follows :  when  a  current,  flowing  over  eitanuve  sands,  attains  the  velocity 
at  which  the  aand  is  largely  thrown  mt^i  eddying  suspension,  then  a  state  is  soon 
reached  in  which  the  amount  of  sand  dropped  by  the  current  \a  onthe  whole  equal 
to  the  amount  picked  up  by  it,  but  any  small  excrescence  causes  a  convergence  of 
current  in  the  lowest  layers  of  the  water  ('  forced  tewards  the  centre  of  the  curve ' 
as  at  the  bends  of  rivers).  Under  the  specified  conditions  as  to  the  charge  of 
sand  held  in  suspenaon,  the  excrescence  increases.  In  like  manner  any  slight 
depnssion  is  deepened.  '  Scour '  in  the  troughs  and  '  fill '  on  the  ridges  proceeds ; 
and  this  goM  on  until  the  concentration  of  the  stream  over  the  ridge,  and  its 
expansion  above  the  trough,  balance  the  etfect.  K  conuderable  degree  of 
regularity  in  the  tdie  and  form  of  the  ridges  is  soon  attained,  and  the  dimensions 
are  limited  by  the  depth  and  by  the  speed  of  the  current. 

Since  the  amplitude  of  the  sand  ridge  is  limited  by  the  depth  of  the  water,  it  is 
evident  that  a  sand-bank  in  a  tideway  cannot  dry  in  ridges  if  the  flnal  runnings  of 
shallow  water  be  prolonged  or  violent.  Similarly  the  riring  tide  produces  thegreator 
effect  in  ridging  when  tne  first  part  of  the  flood  is  gentle.  Thus  the  Dun  Sands, 
below  the  junction  of  the  Wye  and  Severn,  being  protected  firam  ra^d  eballow 
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wftter  currents  !>;  ■  roclij  ridge  cilled  Knglieh  StoneB  on  the  seftvard  side  oflbeiu, 
•re  finely  ridgad.  Fifteen  consecutive  ridgw  were  found  to  aTerage  37'  8"  from 
ridge  to  ridg'e,  end  32"  in  amplitude.  Above  Severn  Bridge,  on  the  coDtrarr, 
where  the  first  of  the  flood  oomee  almost  as  a  bore  and  the  ebb  current,  com~ 
mencing  long  after  high  nat«r,  nms  stionglj  to  the  last,  the  sands  whan  itj  are 
alsiost  smootb. 

In  eetuariea  where  tike  sand-banks  dry  in  tidal  sand  rid)res,  their  size  and  direc- 
tions afford  at  a  glance  a  good  idea  of  the  course  and  telocicies  of  the  streams  of 
flnod  and  ebb  over  these  banbn,  and  of^en  ihov  bj  the  steep  face  of  the  ripple  in 
what  parts  the  flood  or  the  ebb  respectively  is  the  stronger.  The  present  position 
of  the  lower  portion  of  the  rivers  in  the  valleys  of  Aberdnvey,  Barmouth,  and 
Montrose  is  apparently  due  to  the  alongshore  dtut  of  beach  material  from  (he  ^de 
exposed  to  the  greatest  waves.  To  this  are  also  dae  the  D  shape  of  their  tidal 
bMsiiis  and  the  resulting  circulation  of  the  tide.  The  deep-water  channel  of  the 
ebh  is  dovrn  the  straigiit  limb  oT  the  D,  which  is  cloae  under  the  hills  which  bound 
tlia  valley,  having  been  pushed  as  far  as  possible  by  the  drift  of  beach  materiel. 

Tidal  snnd  rippleN  above  low-water  mark  are  not  confined  to  estuariva,  being 
often  found  upon  tbe  sea-shore  in  places  where  there  are  stronr  currents.  Tbey 
fice  with  the  current,  not  with  the  swell,  and  are  thus  readily  distingaiabed  from 
wave  ripple-mark.  Owing  to  variahle  direction  of  the  currents  in  such  situations, 
the  ripples  are  not  |;ener(illy  in  long  straight  ridges.  It  often  happens  that  the 
only  tmces  of  the  tidal  sand  ripples  left  by  the  receding  tide  on  the  sea-shore  ar« 
pools,  the  characteristic  section  of  which  (I'ke  that  of  the  print  of  a  horse's  hoof  in 
sand)  indicates  that  analogy  with  ihefuljet  of  the  desert  wbich  is  demoDBtrat«d 
by  the  author's  observations. 

The  complete  paper,  illustrated  by  photographs,  is  blended  for  publication  in 
the 'Oeograpbical  Journal.' 


FItlDAT,  SBFTEUBER  7. 
The  following  Papers  and  Reports  were  read : — 
1.  Remarks  on  a  Table  of  Strata.     By  Dr.  H.  WooDWARB,  ^1^.5. 


2.  Report  on  Seitmologicai  Obtervatwru. — Seo  Keporta,  p.  69. 


3.  Geological  If otei  on  the  Vpway  Duturbanee.    By  Clbhent  Reid,  F.R.S. 
Appendix  to  Seismological  Report. — See  Reports,  p.  108. 


4.  Tlie  Cavei  and  Pot-holet  of  IngUhorovgk  and  the  Dittriet. 
By  S.  W,  CciTBiSB. 

The  portion  of  Yorkshire  to  which  this  paper  refeta  is  contained  in  Sheets  49, 
60,  and  GO  (New  Series)  of  the  1-inch  Ordnance  Survey.  The  great  GrsTen 
Faulta  which  traverse  it  in  a  N.W.  to  S  E.  direction  have  produced  a  difference  of 
level  of  the  strata  of  several  thousands  of  feet ;  the  limeatanes  on  the  south  side 
of  the  Faulte  being  far  below  the  surface. 

The  Silurian  plates  and  grits  form  thebasementbeds,  andareexponed  in  several 
of  the  valleys.  On  these  rests  the  Carboniferous  Limestone,  which  has  a  thickneea 
of  about  500  feet  from  the  base  to  the  present  azposed  surface  on  Ingleborougb. 
The  name  Carboniferous  Limestone  i8_ here  applied  only  t«  distinguish  a  particular 
bed  of  rock  in  the  diairict.  Above  this  are  a  series  of  thinner  limestoaes,  shales, 
and  sandstones  (the  Yoredalcs  of  Professor  Phillips)  capped  by  Millstone  Orit. 
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Towards  the  west  th«  Curboniferous  LimeatonB  has  b«en  cut  off  b;  tbe  Bent 
Fault,  while  the  Craven  Faults  deMrmine  its  exteiuion  towards  the  south.  Tbe 
main  line  of  fault  passes  through  Icgletun,  Glapham,  and  Austwick  to  Bettle,  then 
eaatwards  by  Malham.  North  of  this  ia  another  fault,  near  the  First  at  Auatwick, 
but  about  1^  miles  apart  at  Malhain.  Further  north  the  most  intere^iutr  cares 
and  pot-holes  are  found  in  an  area  comprising  the  Leek  Fulls,  Kingsdale,  Chapel- 
le-Dale,  Ribblesdale,  and  around  Inglehorough, 

The  whole  area  amy  be  divided  into  three  Bactiona : 

1.  The  Yoredalea,  comprisb);  the  rocka  of  that  name.  These  limestones  being 
comparntivel}' thin,  and  intt>icfllated  with  beds  of  shale  and  sandstone,  the  cavea 
are  small  and  obstructed  with  earth,  tbrouifh  which  tbe  water  percobtes.  Thej 
are  at  an  elevation  of  from  1,300  to  ],CO0  feet,  and  do  not  maieriallj  atf^t  tbe 
dnunaf^  of  the  ground. 

2.  The  Southern  Carbon iferou.a,  including  tbe  Carboniferous  Limestone  between 
the  two  Craven  Faults.  Although  part  of  the  same  formation  as  the  Carboniferous 
Limestone  north  of  the  Fault,  jet  the  caves  in  the  two  section.^  differ  entirely  in 
their  characteristics.  Here  they  are  diitioguished  by  an  absence  of  running  water, 
the  trails  are  covered  with  a  consideiable  thickness  of  calcareous  deposit,  and  their 
entrances  are  blocked  with  clay  and  rock  debris.  The  well-known  Victoria  and 
Attermire  Cares  are  included  in  this  section.  A  further  characteristic  is  the 
endre  absence  of  pot-holea^-vertical  chasms  in  the  ground  caused  by  falling  water 
enlamog  the  rock  fissures. 

3.  The  Main  Carboniferous,  which  includes  tbe  remainder  of  the  Carboniferous 
Ijimestone  within  the  area  deHned.  Here  there  are  no  dry  caves,  all  hein(!;  active 
drainage  channels.  Pot-holes  aliw  are  very  abundant.  In  the  Leek  Fell  and 
Kingsdale  districts  tlie  caves  Kfe  almost  without  exception  thoso  of  engulfment, 
whik  in  Chapel -le-Dale  and  Rlhblesdale  they  are  chiefly  caves  of  debouchure. 
The  first>-named  are  usually  low  at  the  entrance.  The  passages  then  increase  in 
height  to  '20  feet  or  more,  but  rarely  exceed  6  feet  in  width,  usually  much 
narrower.  Some  may  be  traversed  a  quarter  of  a  mile  or  more,  such  as  Lost  John's 
Care,  which  terminatesin  a  subterranean pot-hnls  over  100  feet  deep.  The  caves 
of  di^bouchure  are  much  mare  numerous.  The  mouth  is  generally  wide  and 
shallow,  with  a  flat  roof  A  cascade  or  waterfall  is  usually  found  some  little 
distitnce  in,  beyond  which  the  possafre  is  a  simple  water-worn  cbunnel,  gradually 
ahallowing  and  broadening  until  too  low  to  permit  of  further  progress. 

The  pot-holes  occur  at  or  near  the  top  of  the  limestone,  at  between  1,100  and 
1,300  feet  elevation,  and  alnays  where  there  are  surface  streams,  which  fall  into 
the  chasms.  Over  thirty  have  been  named,  nearly  all  of  which  have  been 
descended  by  the  writer  and  friends,  members  of  the  Yorkshire  Kamblers'  Club, 
many  of  them  for  the  first  time.  Half  the  number  are  over  100  feet  deep.  Gaping 
Ghyll,  on  Ingle  bo  rough,  attains  a  depth  of  350  feet,  and  was  first  descended  by 
Mons.  E.  A.  Martel  in  1696  Rowten  Pot,  in  Kingsdale,  was  conquered  in  1897,  and 
found  to  be  305  fust  deep,  thus  being  tbe  deepest  known  pot-liole  in  the  countjy. 

No  evidence  of  the  presence  of  the  Silurian  rocks  has  been  found,  the  lowest 
observable  rock  being  either  light  or  black  limestone.  The  average  summer 
temperature  in  both  caves  and  pot-holes  is  48°  Fahr, 

The  writer  has  prepared  a  special  map  of  the  district  on  which  are  shown  all 
the  known  caves  and  pot-holes,  with  the  surface  streams.  Such  a  map  illustrates 
in  a  forcible  manner  the  interesting  fact  that  tbe  entire  surface  drainage  of 
Ingleborough  is  swallowed  up  by  tbe  limestone.  Not  a  single  stream  from  tbe 
higbor  levels  continues  an  unmterrupted  course  into  the  valley  below. 


5.  TheUndergroundWaterao/JVorth-WeH  Yorkshire.  £y  Rev.  W.  LowBR 
Carter,  M.A.,  F.G.S.,  I/on.  Sec.  Underground  Waters  Committee, 
Yorkshire  Geological  and  Polytecltnic  Soeiety, 

Part  i.     Tlte  Sources  of  lite  Aire. 
Introduction.    Description  of  the  area  investigated.    Tbe  Silurian  and  Car- 
boniferous rocks  between   Malham  Tom  and   Malham   are  traversed  b^  ^^^ 
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branebMOf  fhfl  CraVen  ^ault  with  tlie  dowDthroir  to  the  Bonth,  Malhtm  T^ni 
lies  on  Silurian,  and  iu  overflow  sinka  in  the  limestone  direotlj  the  northern  &ult 
is  CTOBBed,  The  drainage  of  the  area  to  the  west  of  the  Xarn  diBappeajs  at  the 
Smelt  Mill  Smk.  The  drainage  of  the  area  east  of  the  Tarn  is  carried  off  b7 
Gordale  Beck,  alonff  the  course  of  which  some  water  sinks  into  the  jointed  lime- 
atone.  To  these  three  sinks  correspond  three  principal  outlets,  the  stream  at 
Malham  Cove,  Aire  Bead  Springs,  and  the  springs  at  the  bottom  of  Clordale. 

The  history  of  previous  inyeatigationa  is  then  given.  From  the  centre  of 
Malham  Cove  a  dry  limestone  gorge  runs  in  a  Dortherlj  direction  to  the  Tarn. 
Up  to  the  beginning  of  this  century  floodwatera  were  known  to  tntTeree  this 
Talley  and  discliawe  over  the  Cove.  There  are  several  sinks  along  the  line  of 
this  dry  valley.    Now  all  the  overflow  is  taken  by  three  sinks  south  of  the  Tarn. 

Various  efforts  have  been  made  to  trace  the  connection  between  die  einke  and 
ontleta.  Flushes  of  water  from  the  Tarn  have  been  shown  to  affect  Aira  Head 
before  Malham  Cove.  Experiments  by  introducing  chaff,  bran,  mngenta,  and 
uranin  into  the  sinks  failed  to  show  any  traces  at  the  outlets. 

The  present  investigation  was  carried  out  during  1809  by  a  Committee  of 
Engineers,  Obemista,  and  Geologists,  appointed  by  the  Yorkshire  Qeologicoi 
and  Polytechnic  Society.  Flushes  of  water  were  sent  down  from  the  Tam  to  the 
Tarn  Water  Sinks.  Aiie  Head  Springs  responded  in  two  hours.  WitJi  large 
flushes  a  rise  in  Malham  Beck  was  also  observed. 

The  chemical  investigations  were  as  follows : 

Ammonium  sulphate  was  put  in  below  the  Malham  Tam  Sluice  on  June  23, 
and  appeared  at  Aire  Head  from  July  4  to  11.  Distinct  traces  were  ftlso  found 
at  Malham  Cove  on  the  same  dates. 

CommoD  salt  and  fluorescein,  put  in  at  the  Siqelt  Mill  ^nk  between  June  S3 
and  28,  appeared  at  Malham  Cove  Irom  July  4  to  11. 

Ruorescein,  put  in  at  TranUnds  Beck  on  Juno  22,  appeared  at  Scalc^iU  Mill 

Ammonium  sulphate,  put  into  upper  Gordale  Beck  on  Aagaet  SO,  appeared  at 
the  springs  below  Gordale  Scar  on  September  7. 

(lommon  salt,  put  into  Cawden  '  Burst '  on  September  18,  appeared  at  Mire's 
Bam  from  September  23  to  27. 

Fluorescein  put  into  tbe  bottom  of  Grey  Gill  Cnve  was  not  traced. 

A  geological  investigation  of  the  area  showed  that  the  limestone  is  tnversed 
by  two  sets  of  prominent  joints,  of  which  the  master  joints,  which  run  in  a  nortb- 
weat  to  south-east  direction,  are  veiy  well  developed.  These  master-joints  are 
found  to  largely  determine  the  flow  of  the  underground  waters. 

The  direction  of  these  master-joints  unites  the  Smelt  Mill  Sinks  and  Malham 
Cove  directly,  and  that  may  be  taken  as  the  direction  of  flow.  A  parallel  lino 
from  Malham  Tam  Sinks  would  bring  the  water  from  them  to  Grey  Gill,  a  dry 
valley  in  the  escarpment  to  the  east  of  Malham  Oove.  No  evidences  of  moving 
water  were  found  there, 

To  the  south  of  tbe  3JIid-Crayen  Fault  the  jointing  of  the  limestone  is  found 
to  be  variable;  hut  prominent  joints  were  found  bearing  in  a  north-east  and  south- 
west direction.  If  the  Tarn  water  followed  these  joints  on  crossing  the  fault  it 
would  traverse  a  direction  almost  at  right  angles  to  its  previous  course,  Mid, 
following  the  limestone  in  its  bend  underneath  a  synclinal  of  Yoredale  shale, 
would  be  likely  to  reappear  at  Aire  Head  Springs,  which  is  the  nearest  point 
for  re-emergence  on  the  eoutbem  side  of  the  anticlinal. 

The  master-joints  north  of  the  Mid-Craven  Fault  would  similarly  carry  the 
water  which  sinks  into  the  hed  of  Gordale  Beck  south-.ea8twBrd  into  the  iime- 
stoue,  and  if,  as  it  nears  the  fault,  it  followed  a  set  of  joints  running  at  right 
angles  to  the  previous  set,  it  would  come  out  at  tbe  springs  at  the  foot  of  Gordale 
Scar,  which  was  found  to  be  the  case  by  the  chemical  teats.  Gordale  itself  turns 
in  this  direction  from  some  cause. 

The  coiLclusions  of  the  Committee  are : 

1.  That  Malham  Cove  Spring  dischargee  the  water  from  Smdt  Hill  ^k  and 
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the  limeslone  are*  weet  of  the  dr;  Tolley ;   and  andei  certain  condiUona  some  of 
the  Tam  water. 

2.  That  Aire  Head  Springe  dischatge  the  main  portion  of  the  water  disappear- 
ing down  Malh&m  Tarn  Water  SiiiliB. 

3.  Tliat  Gordale  Beck  Sprin^B  dischawe  the  water  ainkiiur  in  Upper  Qordale. 

4.  That  chemicals  put  Into  Canden  '  Burst '  appeared  at  Mire'a  Bam. 

5.  That  Tranlands  B«ck  Sinka  diacharge  at  S(»Iee^U  Mill, 

tt.  The  inTeatigationa  ahow  that  within  the  area  the  main  direction  of  undoi- 
grouod  flow  18  along  the  master-joints  of  the  limestone.' 


6.  S^a<yrt  on  the  Movement  of  Undergrouitd  Waters  of  Craoen.     The 
Ingl^orough  Diairict, — See  Reports,  p.  346. 


7.  On  Annent  Plateaux  in  Anglesey  and  Camarvonahiit. 
By  E.  Gekenly,  JF.G.S. 

The  surface  of  Anglesey,  considered  as  a  whole,  is  seen  to  be  composed  of  ft 
series  of  broad  ridges  rangmg  N,£.  and  S.W.,  and  eo  remarkably  even  in  height 
ae  to  leave  little  doubt  that  thej  are  really  portiona  of  an  undulating  plateau 
about  SOO.-SOO  ft.  abore  the  sea.  Holyhead  Mountain  and  about  four  other  hills 
rite  abruptly  above  the  general  level.  ThiH  plateau  in  traversed,  not  bounded,  by 
the  Menai  Straits,  beyond  which  it  ranges  to  the  foot-hills  of  the  mountain  region, 
where  a  totally  different  type  of  sceneiy  b^ns.  The  profile  of  this  mountain 
region  appears,  when  viewed  from  the  N.W,,  as  that  of  a  very  gentle  Battened 
dome,  rising  gradually  from  Penmaeobach,  on  the  N.E.,  till  it  attains  a  height  of 
more  than  3,500  ft.  in  the  Camedds  and  Snondon.  and  declines  again  as  graduaily 
to  Yr  Eifl  and  Cam  Boduan,  in  the  far  S.W.  This,  therefore,  end  the  Anglesey 
plateau,  would  appear  to  be  ancient  platforms  or  baae-levtls ;  and  they  also  appear 
to  be  distinct. 

That  of  Anglesey  must  be  at  least  of  post-Carboniferous  age,  for  Carboniferous 
and  older  rocks  are  levelled  off  indiscriminately  at  its  surface,  and  if  the  Red  rocks 
of  the  ialandare  Permian  or  Triasate  it  mustbeof  Mesozoic,  poseibly  of  CretaceouE, 
age.  The  age  of  the  platform  bounding  the  mountain  region  is  mora  difficult  to 
determine.  It  is  tentatively  suggested  that  this  feature  may  pass  below  the 
Carbonifiroua  rocks,  and  so  be  really  a  deeply  denuded  sub-Oar bonil'ero us  base-level 
rising  as  the  core  of  a  broad  anticlinal 


8.  On  tha  Form ^ tome  Bock-bossee  in  Anglesey. 
By  %.  Gebesly,  F.G.S. 
The  general  trend  of  the  major  axis  of  the  bosses  that  are  so  marked  a  feature 
of  the  land  aurface  in  Anglesey  coincides  as  a  rule  with  the  strike  of  the  dominant 
structures,  which  is  for  the  moat  part  N.E.-8.W.  But  slight  discordances  are  not 
nocommon ;  and  in  some  cases,  particularly  amoog  the  hornblende  gneissee  about 
Craig-y-AUor,  the  bosses  trend  in  the  usual  N.E.-S.W.  direction,  in  spite  of  the 
fact  that  the  banding  of  the  gneiss  strikes  almost  N.W.-S.E.,  i.e.,  very  nearly  at 
right  angles  to  this. 

9.  The  ConeretioTtary  Types  in  the  CeUidar  Moffneeian  Limeatone  of 
Durham.    By  G.  Abbott,  M.B.O.S. 

Associated  with  the  Cannon-hall  bed  near  Sunderland  is  a  cellular  limeatone 
wktcb  ia  much  more  extenuve,  and  exhibits  atiU  more  remarkable  physical 

'  The  ciomplete  iep)»t,  fully  illustrated,  will  be  published  in  the  Fiocfeedinga  of 
the  Vortshiie  QBological  and  Folyteidmlc  Society,  Vol.  XIV.,  Pait  I. 
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features  Although  described  by  Profaaaot  Sedgwick  more  than  sixtj  j»axa  aoo 
■with  other  luatroeBisD  beds  Id  the  north  of  Bagland,  it  is  atill  comparatiTely 
imknown.  Ha  divided  the  concretions  in  theee  strata  into  ten  classee,  but  I  have 
been  unable  to  find  an;  classified  collection  except  the  one  in  the  Newcastle 
JXu^eum ;  e?en  this  is  onlv  pftrtislly  done. 

My  owa  Btudiea  at  Fulwtll  and  HendoD  lead  uieto  suggest  a  new  classification, 
with  JSiv  primari/  fornu,  viz.  (1)  rods,  (2)  bands,  (.1)  rings,  (4)  bolls  and  modified 
sphered,  l6j  egfis.  Combi/iaiions  of  Ihene  t'omu  constitute  the  major  part  of  these 
mvdve  beds,  and  frequently  &  bed  of  less  tban  a  foot  tbick  ehows  examples  of 
■everal  dili'urenC  combinations.  These  I  place  io  ten  classes,  though  they  may  hare 
to  be  added  to.  The  i^hief  types  are  (1)  tubes,  (2)  '  cauliUowers/  (3)  basaltiform, 
(i)  irregular,  (6  and  6)  troughs  and  bands  (two  kinds),  (7)  '  fanlike,'  (8  and  D) 
'  honeycomb' or  coralloid  (two  kinds),  (lU)  pseudo-organic. 

PbotofiTapbs  were  exhibited  on  the  screen  showing  both  the  primary  forms  and 
the  combinations  as  seen  (wherever  possible)  ia  the  undisturbed  rock  sections. 

My  own  conclusions  are  as  follows : 

1.  That  the  rod  structure  ia  secondary  to  the  formation  of  the  conspicQOn* 
bands  which  ran  across  the  beds  at  vanouH  angles.  (These  bands  need  to  be 
distinguisbed  from  the  bands  mentioned  among  the  '  primary  forms. ')  The 
conspicuous  bands  act  aa  planes  of  origin  for  the  '  rods,'  and  do  not  cross  through 
the  long  axes  of  the  rods  themselves.  They  appear  never  to  cross  the  bedding 
planes,  though  occasionally  tbey  follow  them  ana  also  the  outline  of  the  joints. 
The  question  therefore  ensea,  mhelher  this  does  not  give  us  a  clue  to  the  age 
and  sequence  of  the  changes  wbich  have  occurred  in  these  beds,  and  whether  the 
previous  existence  of  joints  does  not  mean  that  the  beds  were  already  abovd  the 
sea-level  when  the  changes  commenced. 

2.  The  rods  invariably  start  from  the  laat-mantioDsd  bands,  and  may  be  seen 
at  every  possible  angle.  As  they  have  grown  upwards  and  oldiquely  as  veL  as 
downwanls,  the  term  '  stalactitic '  is  a  very  misleading  one  to  use.  As  Mr. 
Garwood  stated  long  ago,  these  beds '  present  many  points  which  appear  irrecon- 
cilable with  the  theory  of  their  stalactitic  origin.' 

3.  The  first  step  in  the  series  of  changes  which  have  taken  place  was  probably 
an  orderly  bat  unsymmetrical  arrangement  of  amorphous  molecules  of  calciom 
carbonate  which  separated  themselves  from  those  of  the  carbonate  of  magnana. 

4.  The  internal  architecture  is  due  to  such  arrangement  of  amorphous  particles 
of  lime  which  has  since  been  coated  with  an  outer  ci^Ktalline  layer.  In  some  cases, 
however,  the  central  part  has  undergone  a  complete  subsequent  change  into  a 
crystalline  conditbn. 

5.  Pearl-spar  (crystals  of  the  combined  carbonates)  is  not  always  met  with.  I 
failed  to  Und  any. 

6.  In  the  Fulwell  beds  there  are  very  few  fossils,  and  where  met  with,  as  at 
Marsden,  concretionary  action  is  not  always  traceable  near  them. 

7.  The  specimens  at  Fulwell  which  arouse  the  most  interest  are  coralloid 
masses  ('  honeycomb '  of  the  quarrymen).  Tbey  are  confined,  so  far  as  I  could 
discover,  to  a  stratum,  about  1^  foot  thick,  above  the  marl  bed,  and  lie  in  close 
juxtaposition  to  each  other,  which  accounts  for  their  peculiar  external  shape. 

8.  Very  little  evidence  of  rrosion  of  lime  is  to  be  seen  anywhere ;  unless  we  may 
attribute  the  cavities  in  the  balls  and  elsewhere  to  this  cause. 

In  conclusion  I  would  point  out  the  close  resemblance  which  exists  between 
the  '  lines '  and  '  planes '  in  these  concretionary  beds,  and  the  '  lines '  which  shoot 
across  congealing  water.  In  some  respects  the  architecture  of  the  magoeBian  beds 
compares  with  the  ice  decorations  seen  on  our  window-panes  in.  frosty  weather. 

10.  The  P^ble»  of  the  Holly  bush  Conglomsrate,  and  their  beartnff  on  Lower 
and  Cambrian  Paiceogeography.     By  Theodore  Groom,  M.A.,  D.Sc. 
The  Malvern  Hills  are  commonly  supposed  to  have  formed  part  of  an  old  coast 

during  the  deposition  of  the  Lower  Paljeowic  beds.    A  prelimii !--.^— 
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of  the  materials  of  the  Hollybtuh  Congloiaerate  hy  the  author  does  not  support 
thisTiew. 

The  most  sbimdant  pebbles  consut  of  qtutrts ;  these  vary  from  a  coarse  mosaic 
of  CTjatals  to  a  fioe  guartz-echiet.  Most  of  the  varieties  am  probably  of  meta- 
morpbic  orig-in;  some  appear  to  be  merelj  Tein-quartz,  and  some  represent  tha 
quartzose  portions  of  granites  and  other  rocks.  Red  granites  and  yranophyree, 
often  crushed,  are  tolerably  abundant ;  these  often  contain  microclino.  Mtea-eehitt 
and  chiorite-eehUl  occur  rarely.  Very  abundant  are  different  varieUes  of  feUite. 
These  appear  to  be  mostly  micro-  or  crypto-crystallina,  and  often  micro-graphic, 
rkyolitu,  compact  or  porphyritic ;  sometimes  buided,  and  occasionally  spberuUtic. 
Some  of  the  varietioi  may  represent  crushed  ratTosi'ta  feUites.  Far  rarer  than  the 
rhyolites  are  microUthic  andesitet,  or  andesitic  baealU.  Other  pebbles,  and  the 
^ains  of  the  groundmass,  consist  of  materials  derivable  from  the  rocks  mentioned 
above. 

The  resemblance  of  these  materials  to  the  rocks  of  tiie  Malvern  Raniie  is  sufG- 
luently  close  to  prove  the  Fre-Cambrian  age  of  the  latter.  But  striking  diSerencas 
in  microscopic  atructure  and  in  the  proportionate  numbers  of  corresponding  rocka 
in  the  two  seriea,  and  the  absence  of  any  relation  between  the  local  nature  of  the 
conglomerate  and  that  of  the  Arcbnan  mass  nearest  to  it,  can  hardly  be  expluued 
except  on  the  assumption  that  the  Range  itself  did  not  furnish  the  materials. 

The  etratigraphtcal  relations  of  the  cooglomerate  and  Archsau  mass,  moreover, 
appear  to  indicate  that  tha  Malvern  Hills— the  southern  porlion  at  least — in 
Cambrian  times  formed  part  of  an  area  of  deposition,  and  not  of  denudation. 

The  author  maintains,  then,  that  the  Malvern  Ililla  did  not  form  a  coast-line 
in  Cambrian  times,  a  conclusion  which  is  in  ogreement  with  bis  former  txmtention 
that  they  arose  at  a  much  later  date. 


11,  On  tAe  Igneous  Jiocka  atsodated  with  the  Cambrian  Beds  ef  Maivtm. 
By  Thkodorb  Gboom,  M.A.,  D.Se. 

The  igneous  rocka  of  the  Cambrian  beds  of  the  Soutbem  Malvems  have 
commonly  been  regarded  as  of  volcanic  origin.  The  author,  after  a  careful 
examination  of  the  rocks  under  the  microscope,  and  of  the  ground,  concludea  tliat 
the  acoriffi  and  tuffs  previously  described  are  non-existent,  and  that  the  whole  of 
the  igneous  rocks  are  priibably  intrusive.  They  consist  of  silts  and  small  laccotites 
of  basic  and  ultra-basic  olivine  diabiae  and  olivine  basalt,  in  which  olivine  is  often 
^tremely  abundant,  and  of  bosses  and  dykes  of  peculiar  amphibole  bearing 
endetitet  and  aadesitic  batalta. 

Intrusion  probably  took  place  in  Ordovician  times. 


SATURDAY,  SEPTSMBEB  S. 
The  following  Papers  and  Reports  were  read:— 

\.  Ona  Poaaible  Coalfield  in  the  London  Baain. 
By  Professor  W.  J.  Sollas,  D.Sc,  LL.D.,  F.R.S. 
A  very  expensive  and  laborious  investigation  was  undertaken  some  years  agb 
to  determine  the  dip  of  the  Palioozoic  rocks  reacbed  by  deep  borings  at  Ware  and 
CheahuDt.  The  results  were  communicated  to  the  Association  by  Blr.  J.  yrancia 
on  the  occasion  of  its  meetinfr  in  Ipswich  in  1805.  At  Ware  the  Silurian  strata, 
which  had  been  reached  at  a  depth  of  797  feet,  were  found  to  dip  nearly  due  south 
at  an  angle  of  41°  ;  at  Tumford,  near  Chesbunt,  Detoniau  rocks  were  encountered 
at  080  feet,  and  dipped  a  little  to  tbo  west  of  south  at  an  angle  of  25°. 

When  beds  occur  in  somewhat  gently  undulating  folds,  such  as  those  which 
appear  to  choracteriso  the  Palreoioic  rocks  of  the  oast  of  England,  the  sweep  of 
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the  sjnclinals  cnn  be  traced  nith  sufficient  approximation  Lj  drawinj^line*  at  rij^ht 
anglfS  to  the  dipa  and  deKrlbiQ^  circlna  from  tha  point  of  intereection  of  these 
lines  as  a  centre.  The  thickoesi  of  the  beds  between  «n^  two  poicte  is  gireti  bj 
the  leoRthof  the  radiaBiatercepI«db7the  two  corresponding  circles.  To  test  this 
method  it  bas  been  applied  to  cases  in  which  the  course  of  the  sfnclinals  waa 
knoTn :  one  of  these  was  afforded  bj  the  section  acroas  the  nortbom  side  of  the 
South  Wales  coal  baan,  along  the  course  of  the  river  Sawdde,  a  distance  of  four 
miles ;  the  other  by  the  section  exposed  in  the  cuttings  along  the  Rhymnej  railway 
through  the  Old  Red  Sandstone,  north  of  Cardiff,  nearlj  two  miles  in  length;  In 
both  cases  the  results  very  closely  approached  the  fiuts. 

Two  points  at  which  Uie  di^  are  known,  such  as  those  of  Ware  and  Cheshunt, 
are  sntBcient  to  determine  one  side  of  a  sjnclinal.  From  the  construction  obtained, 
a  basin  is  indicated  having  ita  axis  running  east  and  west  and  situated  below 
Enfield  Lock  on  the  river  Lea,  Its  northern  half  is  thirteen  miles  in  breadth,  the 
tbickneN  of  the  contained  strata  29,600  feet:  of  this  10,000  feet  are  Silurian 
and  Devonian;  the  remcuning  7,600  feet  are  Devonian  and  Carboniferaus.  How 
much  of  this  upper  portion  is  Devonian  is  unknown,  no  great  thickness  prohahlf , 
when  the  great  thii^ess,  10,000  feet,  of  the  underljinr  Devonian  and  Silurian 
is  coDiidored.  How  much  of  the  Carboniferous  consists  of  productive  Coal- 
measures  is  also  uncertain,  but  that  there  is  ample  room  for  an  important  coalfield 
is  shown  by  comparison  with  the  Forest  of  Dean :  that  is  only  eight  miles  in  width, 
and  the  total  thickness  of  the  Carboniferous  beds,  upper  and  lower,  contained  bj 
it  is  only  3,500  feet,  while  the  Enfield  trough  is  approximately  fourteen  milea  in 
width  and  7,500  feet  in  depth.  An  attempt  to  apply  another  method  of  deter- 
mining the  coune  of  folds,  employed  by  Professor  Lapworth,  shows  that  the 
thickness  of  the  Enfield  measures  may  be  even  greater  than  here  given^ — perhapa 
10,000  feet 

It  is  scarcely  nece«aary  to  point  oat  thst  faults  and  other  troubles  may  exist 
by  which  these  estimates  may  be  modified,  but  the  dip  of  the  Devonian  bed*  to 
the  south,  as  determined  by  the  deep  boring  made  at  Meui's  Breweiy,  London, 
affords  a  strong  eonfinoation  of  their  general  truth, 

Tha  strike  of  the  beds  would  suggest  a  locality  somewhat  west  of  Enfield  Lock — 
possibly  near  the  town  of  Enfield  or  New  Bamet — as  the  most  promising  egot  for 
A  trial  Wing. 


.  On  the  Formation  o/See/KnotU.    By  IL  H,  Tiddbmav,  M.A.,  F.G.S. 


At  the  meeting  of  the  British  Association  at  Newcastle  in  1880  I  brought  out 
my  interpretation  of  the  probable  origin  of  the  limestone  knolls  of  Yorkshire.' 

It  was  shown  that  the  Lower  Carboniferous  Rocks  in  the  North  of  England 
had  two  distinct  types— tiat  the  Yoredale  or  Northern  type  extended  from  the 
Craven  Faults  to  the  Tyne,  and  that  the  Southern  or  Bowland  type  occupied  the 
country  from  the  Craven  Faults  to  near  the  Western  Seaside  plain  and  extended 
south  as  far  us  Derbyshire.  Without  now  recalling  the  two  tables  of  the  sneees- 
sion  there  given,  1  mentioned  specially  the  curious  construction  of  certain  mounds 
of  limestone,  which  I  called  reef-knolls,  and  gave  my  reasons  for  supposing  that  they 
had  been  gradually  built  up  on  a  slowly  inking  sea  bottom  by  the  gradual 
accretion  of  animal  remains,  somewhat  in  a  stmilar  manner  to  coni  reefs.  I  also 
showed  that  from  the  enormously  disproportionate  thickness  of  rocks  in  tia  area 
of  the  downthrow  side  and  from  other  nmiiderations  them  was  every  reason  to 
Ki^^pbM  that  the  Cravbli  FaultA  wbA  actually  taking  plade  during  tha  formatihn  of 
thoss  rocks. .  . 

My  ijiend  ib.J.  E.  Marr,F.R.S.,  has  in  a  mbfiti  cbWtebW  way,  whiUl  takinff 
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mjr  geoloftical  mappinif  as  for  the  most  pait  correct,  found  reasons  for  dissenting 
-with  all  the  fcroundwork  on  which  it  wss  founded.' 

In  combating  Mr.  Marr'a  views  I  oRer  no  opinion  on  knolls  of  other  localities  or 
other  a^  which  be  hrings  forward  in  support  of  his  f  iei^  I  speak  onl;  of  the 
Cdrbomferous  knolls  of  which  I  have  written,  and  with  which  I  am  well 
acquainted.    Speaking  ^nerallj,  I  think  the  diS^rences  between  us  maj  be  thus 


r.  Marr  dlsngrees  with  mj  reading  of  the  successiOD  and  thickness  of  the 
rocks  on  the  aoatb  side  of  the  Craven  Fauite,  and,  whilst  J  consider  that  we  have 
two  disticct  successions  of  different  thickness  caused  hj  a  difference  in  the  rata  of 
submergence  in  the  two  districts,  and  hj  shallower  and  deeper  seas,  be  regards  the 
rocks  on  both  sides  as  bSTine  been  one  series  of  like  thickness  in  orderly  eequence 
to  the  north,  but,  so  to  apeak,  shuffled  by  earth  moTements  on  the  south  of  those 
faults  and  repeated  several  times  by  over-thrusts. 

In  illustration  let  us  take  a  pack  of  cards,  say  arranged  in  suits  as  repre- 
senting the  regular  country  on  the  north  aide,  and  several  packs  similarly  arranged 
to  represent  the  greater  thickness  on  the  south  side.  Shuffle  these  last  to  repre- 
sent  the  supposed  disturbance  and  over-thiusttng.  Shall  we  always  find  after 
shuffling  the  same  general  succe^aianF  Yet  over  a  tract  reaching  from  Draugbton 
to  Chipping  and  from  Settle  to  Derbyshire,  we  do  get  such  a  general  succession, 
and  that  does  not  at  all  resemble  the  succession  on  the  north  side  of  the  faults. 
The  over- thrusting  to  do  this  effectually  must  cover  the  whole  of  this  wide  area 
comprised  in  three  or  four  counliee  and  not  confine  its  operations  to  a  narrow 
disturbed  belt  near  the  Craven  Faults.  Is  Mr.  Marr  prepared  to  make  hia  orogenio 
movements  extend  over  so  large  an  area,  and  thereby  arrange  the  whole  country, 
which  they  break  up,  into  so  orderly  a  disposition  P 

2.  Mr.  Marr  regards  the  ^reat  difference  between  the  black  and  white  lime- 
stone, the  form  ana  constitution  of  the  reef-knolls,  the  abundance  in  them  of 
perfect  fossil  forma  in  a  well-preserved  state,  the  conglomerates  and  breccias  which 
accompany  them,  as  all  being  the  result  of  what  he  calls  orogenic  movements ;  in 
other  wonls,  of  the  folding,  repetition,  and  over-thrusting  of  the  rocks,  with  here 
and  there  relirf  of  pretsare.  More  especially  is  the  last  called  in  as  being  the 
reason  for  the  abundant  and  well-preserved  fossils  and  the  change  of  the  lime- 
It  is  extremely  difficult  for  me  to  accept  these  views.  If  we  could  believe  that 
a  black,  well  and  thinly  bedded  limeetone  can  by  an;  physical  chang'e  be  converted 
into  a  white  crystalline  mas?  with  little  visible  bedding,  but  with  abundant  foenls 
in  a  perfbct  state,  ws  have  still  to  learn  what  has  become  of  the  shales  which  are 
almost  always  present  with  the  black  limestone.  If  squeezed  out,  as  might  be 
suggested,  they  wonld  at  least  leave  partings  behind,  and  the  rock  would  be  more 
bedded  than  it  is. 

Mr.  Marr  contemnlates  the  likelihood  of  several  different  limestones  being 
shifted  together  to  ms^  one  reef-knoU,  but  if  ao,  ace  we  not  as  likely  to  get  the 
thin  sandstones  of  the  Pendleside  Orit  sandwiched  into  them  as  well  r  Yet 
sandstones  and  shale-beds  are  unknown  in  the  reef-knoUa. 

Mr.  Marr  makes  a  number  of  statements  about  what  he  calls  tb^  Vs  of  the 
Middle  Craven  Fault.  His  opinion  is  that  this  is  a  great  thrust  plane  dipping 
gently  north,  and  that  the  Coal-measures  are  forced  beneath  the  limestone,  and  so 
on  along  its  course,  h.  bed  of  coal  in  the  limestone  at  Ingleton  is  regarded  by 
bim  as  having  been  forced  up  from  underlying  Conl-messurea  by  pressure,  and  not 
BS  originally  mterbedded.  Unfortunately  for  these  views,  there  are  no  proper  Vs 
or  dipping  planes  of  faulting  indicated  in  the  map.  The  sinuous  track  of  the 
Ora»en  Fault  is  not  so  drawn  to  accommodate  any  theory,  hut  ia  merely  put  where 
the  exposures  of  rock  show  it  to  run.  Its  wanderings  are  either  dictated  hv  or 
stand  in  relation  to  the  two  principal  lines  of  jointing  in  the  limestone,  which 
range  W.N.W.  and  N.N.W.  SometimeB  one  direction,  sometimes  the  other,  has 
the  mastery.    At  Clapham  the  line  is  absolutely  straight,  and  does  not  curve  up 

'  Quart,  /owm,  QtoL  Soc,  voL  Iv.  pp.  327-3fil.  ,-,  , 
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Btreftm  u  Bug^ted  bj  Mr.  Marr.    The  coal  seam  mentioned  is  well  knovn  to  me. 

On  searching  it  I  found  Beveral  Product!  fairly  perfect  embedded  !□  it  ftnd  filled 
with  it,  and  the  caadu»ion  I  csme  to  was  that  it  wsa  either  a  coal-seam  whiehhad 
grown  on  a  reef  and  been  submerged,  or  a  deposit  of  seaweed.  TheM  Prodncti 
seem  to  disagree  with  the  injection  theory.  Such  coal-seamB  are  found  occaaiooallj 
in  the  Umeatone.     One  near  Kirkinr  Lonadale  has  been  worked  for  coal. 

Ur.  MaiT  has  mentioned  two  places  where  knoUs  of  grit  occnr.  I  do  not  admit 
that  a  knoll  of  grit  can  hsye  anything  in  common  with  the  reef  knolls  of  Craven 
lUileu  it  be  the  external  form ;  but  if  such  structures  were  made  by  earth  throsla 
aiid  abounded,  it  would  no  doubt  be  a  strong  point  in  favour  of  bis  views.  One  of 
these  grit  knolls  ts  said  to  be  in  the  canal  at  the  back  of  Shipton  Castle.  I  think 
this  most  be  an  error.  I  know  of  no  eandstone  in  that  locAlity,  though  I  know  it 
well.  I  have  consulUd  others  who  are,  as  geologiste  conversant  with  Slupton, 
competent  to  form  an  opinion,  and  they  agree  with  me  that  nothing  but  limestone 
and  ahalee  occurs  in  that  canal  at  that  point.  The  beds  there  are  certainly  con- 
torted, but  not  sandstone,  and  contortions  do  not  necessarily  imply  reef-knolls. 

I  feel  unable  to  regard  Mr.  Marr's  '  model  knoll '  as  in  any  respect  resembling 
what  I  have  called  reef-knolls.  That  is,  according  to  his  views,  a  broken  plication 
of  a  thin  hard  bed  of  limestone  in  a  mass  of  softer  shale,  the  shale  surrounding  its 
broken  fragments.  The  knolls  to  which  I  allnde  are  almost  solid  limestone  from 
top  to  base.  They  have  no  alternations  of  hard  and  soft  beds,  and,  so  far  as  Ihave 
seen,  no  repetition  of  beds  by  foldin)^.  The  evidences  of  movement  on  tbeir  flanks, 
if  any,  are  not  more  than  one  would  expect  from  the  vertical  prewure  of  a  more  or 
less  plastic  shale  upon  what  is  at  least  a  less  plastic  limestone. 

ladmit  fuUy  that  there  are  abundant  eviaences  in  the  district  of  faulting,  of 
great  pressure,  and  quite  likely  of  over-thruits ;  but  to  say  that  these  have  given  to 
theea  rocks  a  change  of  character,  or  are  responsible  for  the  order  of  their  succes- 
sion, appears  to  me  to  be  invoking  an  unnecessarily  powerful  but  yet  inadequate 
force.  Such  tbmst-planea  as  are  implied  would  meet  the  geologist  in  the  field  at 
every  turn,  and  force  tbemselves  into  recognition.  Tbey  would  admit  of  etfj 
mapping,  and  no  stat«ment  of  their  existence  can  be  complete  without  some  auch 
systematic  recognition. 

3.  On  tJte  Congtnietion  and  Uses  of  Strike  Maps. 
By  J.  I^MAs,  A.R.C.S.,  F.G.S. 

In  studying  the  deformations  which  a  series  of  rocki  have  undergone,  we  are 
apt  to  regard  the  vertical  movements  as  oil-important,  and  neglect  the  horizontaJ 
movements  to  which  they  have  been  subjected.  ITiis  is  largely  owing  to  the 
difficnlties  experienced  in  picturing  sudi  horizontal  movements  and  representing 
them  on  a  plwi. 

lines  dependent  on  surface  inequalities  confuse  the  worker  when  he  seeks  to 
use  the  ordinary  geological  maps  for  this  purpose. 

It  is  easy  to  get  rid  of  these  lines  by  projecting  the  strikes  of  the  bods  on  to  a 
horizontal  plane.  We  then  have  the  nppearance  that  would  be  produced  if  the 
country  were  planed  down  to  a  horizontal  surface.  The  outcrops  would  coincide 
■with  tlie  strikes,  and  any  deviation  from  straight  lines  would  indicate  horizontal 


Vertical  movements  would  also  be  shown  on  such  a  plan  by  the  closing  up  of 
outcrops  of  beds  of  equal  thickness. 

All  the  necessary  data  necessary  to  represent  these  features  on  a  Strike  map 
are  given  in  the  ordinary  GeologicJ  Surrey  Sheets. 

To  construct  such  a  map,  first  trace  the  dips  riven  on  the  geological  map  and 

draw  short  lines  at  the  points  of  the  arrows,  at  right  angles  to  the  direction  of  dip. 

_  We  thus  have  represented  the  strikes  of  the  beds  at  a  number  of  point*.     Now 

it  is  necessary  to  connect  these  up  by  linee  to  show  the  strike  at  intermediate 

It  would  not  be  safe  to  connect  one  line  with  another,  as  tlie  atrikei  wmj  refer 
to  difierent  beds,  .  , 

Coogic 
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Id  order  to  overcome  tbia  difflcolty,  draw  k  leriea  of  lines  parallel  to  Ihe 
strike  line  on  both  ddea  of  it.  On  doing  this  for  all  the  poutions  it  will  be  found 
that  the  tines  either  connect  themeelves  in  linear  seriea,  or  we  bays  represented  a 
aeries  of  tangents  to  curves  wiiich  become  evident  when  the  lines  are  prolonj^  in 
the  direction  of  the  strike.  Care  should  be  taken  not  to  connect  in  the  same  line 
Striken  with  dips  in  contraij  directions,  and  it  is  well  to  represent  the  dip  side  of 
the  strike  lines  by  a  short  mark  ' 

When  the  amount  of  dip  is  known,  es  well  as  the  direction,  wc  can  represent 
tlie  steepness  of  the  folds  bj  suitable  shading,  either  by  bachures  or  closeness  of 
strike  lines. 

As  an  illustration  I  exhibit  strike  maps  of  the  district  about  Clitheroe,  inclnding 
the  well-known  knolls  at  Worsa  and  Oema.  The  anticlinal  ridge  just  north  of 
Obatbum  is  clearly  shown,  and  the  strata  dipping  with  wavy  folds  towards  the 
nibble  on  the  north  and  Olitberoe  on  the  south. 

Tbe  Salt  Hill  quarries  are  eicavated  in  this  southern  slope  at  a  place  where 
the  fold  become*  acute. 

The  knolls  at  Worsa  and  Oema  appear  like  whirls  or  eddies  such  as  may  be 
seen  in  a  stream  when  the  flow  is  obstructed  by  boulders  in  the  stream  bed. 


i.  On  Rapid  Chemget  m  the  Thiekneis  and  Character  of  ihs  Coat  Measures 
of  North  Stafordshire.     By  W.  Gibson,  F.G.S. 

[Oommnnicated  bj  permission  of  tbe  Direotor-Qeneral  of  H.M.  GqoIo^cbI  Survey.] 

VariaUlity  in  thickness  and  character  of  tbe  strata  is  universal  throughout  the 
Carboniferous  period,  but  is  nowhere  mure  marked  in  the  Midlands  than  in  the  coaU 
Held  cf  the  North  StaQbrdshire  Potteries 

This  important  coalfield  consists  of  two  portions.  On  the  east  the  productive 
msflsures  lie  in  a  well-marked  syncline,  while  on  the  west  tbe  strata  rise  in  a  sharp 
anticline  ozteuding  from  Silverdale  to  Tslke.  The  two  productive  areas  are 
separated  by  a  strip  of  ground  two  and  a  half  miles  broad,  composed  of  barren 

A  notable  difference  in  the  thickness  of  the  strata  and  nature  of  the  coal  searas 
characterises  these  structurally  distinct  areas.  In  the  centre  of  the  syncline,  near 
Shelton,  the  vertical  distance  between  the  highest  ironstone,  or  summit  of  the 

!n>dnctive  measures,  to  the  Bullhurst  coal,  or  lowest  workable  seam,  is  about 
,300  yards.  On  tbe  anticline  at  Apedale  only  800  yards  of  stralA  separate  the 
same  horixons.  This  makes  n  remsrkahls  decrease  in  thickness  of  600  yards  of 
strata  in  a  distance  of  under  three  miles.  The  reduction  in  tbickneiM  westward  of 
tbe  productive  measures  is  continued,  though  in  a  less  degree,  in  the  upper  barren 
series,  but  owing  to  tbe  absence  of  shaft  sections  Ihe  amount  cannot  be  definitely 
statsd  It  is  knovm,  however,  that  the  red  marls  forming  the  lower  portion  of 
the  upper  liarren  -eries  are  more  than  1,000  feet  thick  near  Etruria  station  on  the 
Shelton  property,  and  about  tifO  I'eet  thick  near  Silverdale,  on  the  south-eastern 
limb  of  the  anticline.  With  the  decreo^  in  tbickaess  a  change  has  takru  place  in 
the  loner  coals  of  the  productive  series.  The  seams  which  ore  bouse  or  steam  coals 
on  the  east  change  into  gas  and  coking  coals  on  the  west. 

This  great  variability  seems  to  show  that  separate  areas  of  deposit  were  being 
marked  out  by  local  movements  of  elevation  ana  depression,  and  thus  fulfilling  iu 
North  Staffordshire  the  conditions  characteristic  of  tbe  Carboniferous  of  tho 
Uidlands  generally,  as  pointed  out  by  Prof.  Lapworth.' 

In  North  Statl'ord shire  it  happens  that  the  areas  of  maximum  and  minimum 
deposit  correspond  with  a  syncline  and  anticline.  If  this  is  true  generally,  and  not 
merely  a  local  coincidence,  we  may  expect  the  coals  in  the  unexplored  coalheld 
which  lies  at  the  surface  to  tbe  west  of  the  ontHdine,  and  which  represents  the 


744  REPORT— 1900. 

eutorn  m»f[in  of  the  groat  sjnclinkl  of  coal  ineMures  beneath  the  Ohedhire  ^Ain, 
to  be  of  k  dilTereDt  quuitj  fVom  those  in  the  anticline,  while  the  thickness  of  the 
IS  will  be  increoMd. 


5.  Reptrrt  on  the  Rtgxatraiion  of  Type  Speeiment. — See  Reports,  p.  342. 


6.  SttffffeatioTU  in  regard  to  the  Regietration  of  Type-fouiU. 
By  Iter.  J.  F.  Blaeb. 
Whereu: 

1.  Thare  is  now  in  existence,  Knd  has  been  for  some  time,  ■  Committee  of  the 
British  Association  '  to  consider  the  best  methods  for  the  registration  of  all  tjpe 
Bpecimena  of  fossils  in  the  Btitish  Isles.' 

2.  There  is  as  jet  in  course  of  production  no  general  register  of  anch 
specimens. 

5.  The  original  types  are  in  manj,  perbope  the  majority  of,  cosee  either  lost, 
insccessible,  or  inadequately  preserved  or  described. 

4.  Many  names  in  common  use  have  a  foreign  orig^  which  faaie  not  been 
adopted  after  actual  comparison  with  the  original  foreini  types. 

6.  PalEBontoloicieal  nomenclature  consequently  etUl  remains  burdened  witb 
names  of  uncertain  value. 

It  is  therefore  advisable  that— 

1.  The  above-named  Comnuttse  recognise  and  register  a  new  class  of'typee,' 
which  may  be  either  original  or  adopted,  but  which  satisfy  certain  conditiona  Wd 
down  to  insure  th«r  liaving  a  definite  value. 

5,  A  register  Im  published  annually  nf  such  typ^,  so  that  an  author  in  using  a 
name  may  have  the  option  of  quoting  this  roister,  instead  of  the  origioal  authors 

8.  This  register  should  give  references  (1)  to  the  author  or  authors,  and  their 
publicntiona  thereupon,  who  bave  first  satisfied  the  required  conditions;  (2)  to  the 
museum  where  the  type  is  deposited, 

4.  The  limitation  of  tjpes,  registered  by  the  Srittsh  Auociation,  should  have 
reference  to  the  tvpe  e]>ecimeD3,  whatever  their  origin,  which  are  deported  in 
museumg  within  the  United  Kingdom  (possibly  to  be  enUrged  at  a  future  date  to 
the  Britiflh  Emfnre). 

G.  Thn  Committee  should,  from  time  to  time,  determine  the  conditions  required 
for  TPgistration,  but  should  be  in  no  way  respousible  for  the  valicUtv  of  the 
'  species '  to  which  the  type  may  be  said  to  heloog,  or  for  the  name  under  which 
it  IB  registered,  which  registration  should  apply  to  the 'specific' name  only  and 
not  be  affected  by  its  reference  later  to  another  genus ;  the  only  care  of  the 
Committee,  beyond  seeing  that  the  required  conditions  are  satisfied,  being  to  secure 
that  identical  diagnoses  are  not  registered  underdiBerent  names,  and  that  the  same 
name  ia  not  used  at  different  times  for  different  diagnoses. 

The  wuggetfed  conditions  for  registration  are  as  foUows : 

1.  A  single  specimen  mnut  be  selected  as  the  type,  but  two  or  more  co-typei 
msAT  be  admitted,  which  are  identical  in  all  other  respects  than  the  preeervatioo  of 
different  necessary  characters. 

2.  The  esact  horizon  and  locality  of  the  specimen  thus  selected  mast  be 

3.  Ail  the  commonly  called  'spedfic' characters  required,  in  the  doss  to  which 
it  belongs,  must  be  known  by  the  ^pe  or  by  the  co-types  together,  and  also 
described,  and  nlso  the  generic  ones  when  the  genus  is  not  obvious.  [N.B. — The 
determination  whether  this  condition  is  carried  out  in  any  particular  case  will  rert 
with  the  member  of  the  Committee  charged  with  the  dasa.J 
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4.  All  characters,  capable  of  Dumnical  statement,  indaduig  nae,  ftopoitioa  of 
parts  or  lines,  angle,  &C.,  moat  be  so  fpTen.  [N.B. — Adequate  figures  mav  suffice 
for  thU.] 

6.  llie  type  speciineii  mast  be  penDanentlf  placed  in  a  public  mnseum  in  the 
United  Eingdom. 

N3. — It  is  not  necessary  that  tlie  type  specimen  in  the  above  sense  should  be 
the  firBt  anTwhere  doBCribed  under  the  Tegiatered  name,  but  only  the  first  that 
satisfies  the  above  conditioas. 

It  is  sa[^(^«eted  that  reg^tered  types  should  be  quoted  as  B  1,  B  18— «.;. 
Terebratula  biplicata,  B  1,  or  Phaecpi  eaudatta,  B  13 — B  BtandioK'  for  Briti^, 
and  the  numbw  forthatof  the  year  of  thecenturj^.  Specimens  di^ring  notably 
from  the  type,  but  included  in  the  same  spectea,  might  oe  quoted  as  (B  1), 


7.  The  Ouieropqftha  Corallian  Limutonti  of  Bltvxfrth  and  Si.  Ivei. 

By  0.  B.  Wkdd,  B.A.,  F.Q.8. 

[Oomoinnicated  by  permission  of  the  Director-General  of  H.M.  Qeologioal  Sotvey.] 

The  ferni^nous  and  oolitic  limestones  knovn  as  the  Elsworth  and  St.  Ivea 
Bocks  are  now  generally  helieved  to  be  one  and  the  same,  an  opinion  supported  by 
my  own  work  in  that  district  recently,  Ttio  limestone  in  question  hat  loog  been 
Icnomt  to  occur  at  St.  Ives  in  brick-pita,  being'  irell  exposed  to  the  west  of  the 
town.  It  was  known  also  to  occur  throughout  the  village  of  Elaworth.  Mr. 
Cameron  noticed  a  foemltferous  rock  outcropping  near  Hilton,  between  Elsworth 
and  St.  Ives.  No  other  sarfoce  ezposuree  were  known,  but  a  simitar  rock  was 
found  Id  the  railway  cutting  at  Blontisham,  north-east  of  St.  Ives,  at  Swavssey, 
east  of  the  same  place,  and  Bourn,  south  of  Elaworth,  and  a  few  other  localities, 
and  like  rock  was  found  in  Wells. 

The  outcrop  can  be  traced  almost  continuously  from  a  mile  wast  of  the  brick- 
yard at  St.  Ives,  striking  eastwards  along  the  northern  flank  of  the  Quae  vBUey, 
andpassinff  north  of  St.  Ives  to  Needingwortb ;  here  it  bends  nbruptly  Bouthwards 
to  Holywell  and  rorma  a  gentle  rise.  The'aouthem  part  of  the  village  of  Holywell 
stands  on  a  gravel-capped  escarpment  of  the  rock ;  a  collei:tiou  of  fossils  in  the 
Woodwardian  Museum,  Cambridge,  agreeing  closely  with  those  of  the  Elsworth 
and  St.  Ivea  Rocks,  was  believed  to  have  come  from  Holywell.  East  of  Holywell 
the  outcrop  must  cross  the  Ouse  valley  ;  I  found  tracea  of  the  rock  in  a  drain  some 
distance  west  of  Swavesav.  From  here,  south-weatwarda,  it  ia  not  seen  again  till 
it  appears  at  the  eurface  between  Hilton  and  Cocingion,  where  a  rock  was  noted 
by  Mr.  Cameron.  Southwards  from  here  the  outcrop  crosseu  a  valley  to  the  rising 
ground  weat  of  Elaworth,  through  which  village  a  narrow  tongue  of  the  rock  runs 
still  further  south.  The  main  outcrop,  however,  flanks  the  northern  slope  of  the 
drift-capped  high  ground  to  the  west,  and  can  he  traced  along  the  slope  through 
Papworth  Everard,  westwards  to  Yelling,  following  the  contour  of  the  ground. 
At  both  of  these  localities  there  are  good  and  highly  fossiliferous  exposures  in 
streams.  Thence  the  outcrop  disappears  southwards  under  drift,  hut  the  lock  may 
be  seen  agun  to  the  south,  leas  than  two  miles  south  of  Orostou,  in  a  ditch  in  the 
V allev  of  the  Abbotsley  Brook. 

To  the  north,  east,  and  south-east  of  the  line  of  outcrop  of  this  limestone,  tha 
ground  is  occupied  by  AmnthiU  clay,  to  the  west  by  Oxford  clay.  It  will  thus  be 
seen  that  the  Elaworth  and  St.  Ives  Rocks,  besides  agreeing  closely  in  their  fauna, 
outcrop  along  the  same  line  of  strike,  with  Ampthill  clay  aoove  and  Oxford  clay 
below.  The  dip  ia  always  small,  acd  the  rock  at  Bluntiaham,  if  it  reaches  the 
sUT&ce  at  all,  does  so  probably  as  an  inlier, though  it  maybe  directly  connected  at 
the  surface  with  the  outcrop  east  of  St.  Ives. 

8.  Report  on  the  Exploration  ofCavet  at  Uphill,  near  Wetton-tupar-Mare. 
See  Beporta,  p.  312. 
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9.  RtpoTt  on  the  Es^hration  oflriih  Cavtt. 
See  Reports,  p.  340. 


XONDAT,  SEPTEMBER  10. 


A  joint  DltCOBSiOD  with  Section  K  on  the  Conditions  under  whicli  the  FlutB 
of  the  Coal  Period  grew  wu  opened  bj  the  reading  of  the  foliomng;  Papers : — 

Flora  of  ike  Coai-measure*.     By  R.  Kjdston, 
Laaving  out  of  coaeideraiion  for  the  meantime  a  few  genera  of  which  we 
poasesa  little  or  no  definite  knowledge,  the  flora  of  the  Coal-mesBures  conoiata  of 
Femt,  CalamiUa,  Lycopodt,  SpAenop/a/lUie,  Cordaitei,  and  Comferm. 

In  genera  and  Bpecies  thu  fema  are  probably  more  numerouB  than  the  vhole  of 
the  other  gmupa,  and  contain  repreaentativea  of  the  Eiupoiangiate  and  Lepto- 
eporangiate  membera  of  the  cla^a.  Tlie  Eusporangiate,  or  those  ferns  whoae 
aporangia  are  unprovided  with  an  annulus,  were  more  numerous  in  the  Carhoni- 
furous  period  than  at  present,  though  in  the  Coal-meoaures  thej  do  not  appear  to 
have  been  more  uumeroua  than  the  genera  with  annulate  aporangia.  Tree  fens, 
though  not  ver;  common',  are  more  frequent  in  the  Upper  than  in  the  Loww 
Coal-measures,  in  the  lowest  b^ds  of  which  they  seam  to  be  Terj  rare. 

The  Calemites  are  largely  represented  throughout  the  whole  of  the  Coal- 
measures,   Aiteropluillitet   {Calamocladui)  and  Anaularia  probably  being  their 

Lycopoda  are  also  very  numerous,  aud  are  repreeeuted  by  many  important 
f^nera — Lycopoditet,  LepidedeTtdnm,  Ltpidophloiot,  Bothrodendron,  and  Sig%Uiiria, 
with  their  rhiiomes  Stigmaria  and  Stigmariopiii.  These  genera  contributed 
la^aly  to  the  formation  of  Coal. 

The  genus  Spheaophytlum  was  also  frequent  during  Coal-measure  timea,  and 
forms  a  type  of  vegetation  essentially  diatinct  from  any  existing  group. 

The  Qymnoaperma  are  repreaented  by  Cordaita,  Omttfera,  aud  Vyeadt. 

The  Cordaitei  hod  tree-like  trunks  and  long  yucca-like  leavea.  Tbej  are 
plentiful  in  the  Coal-measures,  and,  like  the  arborescent  lycopods,  must  have  been  a 
prominent  feature  in  a  Carboniferous  forest-scene. 

The  Comferee,  ao  far  aa  I  have  seen,  are  only  represented  1^  a  ungle  apecinien 
of  fakAui  from  the  Upper  Coal-measures;  and  though  Cycads  hare  beendiicofeRd 
in  the  Upper  Coal-measures  on  the  Oontdnent,  I  am  not  aware  of  any  Briiiib 
species  which  can  be  referred  with  certainty  to  this  group. 


The  Origin  of  Coal.     By  A.  Stbahait,  M.A. 
The  deposition  of  the  Coal-measures  was  due  to  the  hubsideoce  of  large  poi^ 

tions  of  the  earth's  crust  to  a  depth  often  amounting  to  sereral  thouMuid  feet 
The  subsidence,  being  unequal,  led  to  the  formation  of  coal-baaiuR,  parts  of  the 
margins  or  which  are  still  rect^nisablt:.  That  the  intervening  areas  roae  do 
lees  rapidly  than  the  basins  saok  is  proved  by  the  vast  denudation  au'flered  by  the 
earlier  Paheozoic  rocks  during  the  Carboniferous  period. 

The  Buhaidence  was  counterbalaoced  during  Coal-measure  times  by  aediment*- 
tion,  for  the  occurrence  of  marine  beds  amon^  deposits  of  a  gener^llj  eatuarina 
aspect  proves  that  the  aurface  was  maintained  at  or  near  aea-leval.  Tie 
Carboniierous  sediments  consist,  in  the  majority  of  coal-fields,  of  msrine  limestones 
in  the  lower  part,  of  marine  grits  aod  conglomeistea  in  the  middle  part,  and  of 
estuaro-maiine  sandstones  and  ahalea  in  the  upi>er  part.  The  aequence  is  doe, 
firatly,  to  the  admission  of  the  aea  to  the  aubsidii^  areas;  and  laatlr.  to  tbe 
restoration  of  level  brought  about  by  sedimentation  and  dennda'ioti.  But  tboe 
is  evidence  alao  of  the  sedimentation  having  been  more  or  less  spasmodic.  Thus 
the  Limestone  Series  generally  consists  of  repetitions  of  small  groups  of  strata, 
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eacli  group  bein;^  composed  of  sandstone,  followed  I^  abate,  shale  followed  hj 
limestone.    Similnrlj  tbe  Oosl-measnres  present  repetitions  of  sandsrone  followea 

by  Bh&le,  shite  by  coal.  Limestone  in  the  one  esse  and  coal  in  the  other  are 
therefore  comparable  in  the  respect  that  each  represents  an  episode  when  Hadimen- 
tfttion  had  come  to  a  pause.  Early  views  as  to  the  oripu  of  coat,  namely,  that  it 
was  formed  of  vegetable  matter  drifted  boyond  the  region  to  which  the  finest 
mineral  sediment  could  reach,  were  in  accordance  with  these  facts. 

More  minute  examinatioD  of  the  strata,  however,  Tevealed  proofs  of  land- 
surfaces  in  the  Coal-measures,  uid  it  was  generally  accepted  that  the  coal-seams 
represent  forests  in  the  place  of  their  growth.  The  evidence  may  be  summarised 
as  follows: — 

1.  Rain-pi ttings,  sun-craclis,  and  footprints  prove  that  the  surfaces  of  some  of 
the  beds  were  eiposed  to  the  air. 

2,  Erect  tree-Ininks  of  large  size,  in  some  cuaes  attached  to  large  spreading 
roots,  are  not  uncommon.  Land-shells,  millipedes,  and  the  skeletons  of  air- 
breathing  reptiles  have  occasiouaUy  been  found  within  the  hollow  trunks. 

8.  The  uoderclays  of  coal-seams  are  traversed  in  all  directions  by  branching 
rootlets,  unlike  the  drifted  frsgmeuls  in  the  bedding  planes  of  the  other  strata. 
They  were  described  as  an  invariable  ttocompanimcnt  of  coals,  and  as  being 
the  soils  in  which  the  coal-forest  was  rooted. 

4.  Coal-seams,  with  thin  minuto  partings,  persist  over  vast  areas,  and  it  waa 
thought  impoBsible  that  so  wide  and  regular  a  diatrtbutioo  of  the  vegetable  matter 
could  bava  been  accomplished  by  drifting. 

6.  The  chemical  composition  of  the  coals  was  believed  to  prove  that  the  vege- 
table matter  underwent  partial  decomposition  in  the  open  air  before  being 
submerged  or  buried. 

This  evidence,  however,  though  it  proves  the  existence  of  land  surfaces,  is  not 
conclusive  of  the  cosl-seams  being  forests  in  place  of  growth.  The  rain -pit  tings, 
BUD-cracks,  and  footprints  occur,  not  in  the  coals,  but  in  the  intervening  strata. 
Of  the  erect  tree-trunjis  a  large  proportion  occur  in  sandstones  devoid  of  coal,  a 
few  only  having  been  found  to  stand  upon  an  underctay,  or  to  be  associated  with 
seams  of  coal.  Vast  areas  of  coal  have  been  worked  without  any  such  trunks 
bavlnir  been  encountered.  The  majority  of  the  trunks,  moreover,  are  destitute  of 
spreading  roots,  and  are  believed  to  have  been  floated  to  their  present  positions. 
The  land-shells,  insect  and  reptilian  remains,  ore  of  extremely  rare  occurrence. 

The  underclsya  do  not  resemble  soils,  inasmuch  as  they  are  perfectly  homo- 
geneous, and  be  with  absolute  parallelism  to  the  other  memben  of  a  stmtified 
series.  They  are  not  always  present  beneath  coal-seams,  but,  on  the  other  band, 
often  occur  in  them  or  above  them.  Frequently  they  have  no  coal  associated  witli 
them.  The  rootlets  in  them  have  no  connection  with  the  coal,  whk^  is  a  well- 
stratified  deposit  with  a  sharply  defined  base. 

The  persistence  of  the  partings  and  chsractArs  of  the  coal  over  wide  areas  is  in 
favour  of  their  being  subaqueous  deposits,  for  on  so  large  an  expanse  of  land  there 
roust  have  been  river-systeuis  and  variations  in  the  vegetation.  The  atream-beds, 
known  to  miners  as  '  wash-outs,'  are  not  proportioned  in  size  to  the  supposed  laud- 
surfaces. 

Sub-aerial  decomposition  of  port  of  a  mass  of  vegetable  matter  would  take  place 
whether  it  were  floating  or  resting  on  dry  land.  SpoTe8,whichenter  largely  into  the 
composition  of  many  coals,  would  travel  long  distances  either  by  wind  or  water. 

Some  coal-seams  show  clear  proof  of  a  drifted  origin,  as,  for  example,  those 
which  are  made  up  of  a  mass  of  small  water-worn  chips  of  wood  or  bark.  Other 
teams  pass  horizontally  into  bands  of  ironstone,  and  one  cose  has  been  observed 
of  a  coal  changing  gradually  into  a  dolomitic  tufa,  doubtless  formed  in  a  staguant 
lagoon.  Putting  aside  exceptional  cases,  the  sequence  of  events  which  preceded 
the  deposition  of  a  normal  coal-seam  seems  to  have  been— firstly,  the  outspreading 
ofsaailor  gravel  with  drifted  plant-remMns,  followed  by  shale  aa  the  current* 
lost  velocity.  The  water  waa  extremely  shallow,  and  even  retreated  at  times,  so 
08  to  leave  the  surface  open  to  the  air.    The  last  sediments  were  extremely  flue, 
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Iiomo^eous,  sod  ftlmoRt  nrhaHj  ailiceous,  uid  in  them  a  mass  of  presnnuU; 
aquatic  vegetatioo  rooted  itself.  Thi«  furUier  itnpedimeDt  to  moTement  in  the 
water  cut  off  all  sediment,  and  the  material  brought  into  tbe  area  then  consisted  onlj 
of  wind-borne  -reretable  dust  or  floating  vt^getable  matter  carrying  an  occasional 
boulder.  Lastlj,  die  formaticiij  of  the  coal-seam  wag  brougbt  to  a  close  b;  a  sudden 
invasion  of  the  area  by  moving  water.  The  maas  of  vegetable  matter,  often  after 
BufTering  some  little  erosion,  was  baried  by  sandstone  or  ahale  rich  in  latgv 
drifted  remains  of  plants  or  trees,  and  the  whole  process  was  recommenced. 


Botanical  Evidence  bearing  on  the  Climalic  and  other  Phytieal 
Conditions  und&r  tehich  Coal  %tsaa  formed.  By  A.  0.  Sewabd,  F.R.S. 
Botanical  inveatigstions  into  the  nature  and  composition  of  the  Tegntatiini 
which  has  left  Bbundaot  traces  in  the  sediments  of  the  Coal-measaree  may  be  ex- 
pected to  throw  soma  light  on  the  oalural  conditiins  which  prevailed  during  that 
period  in  the  earth's  hutoiy  that  waa  par  ercellenoe  tue  age  of  coal  production. 
The  minute  examination  of  patri&ed  tissues  has  rendered  possible  a  restoration  of 
the  internal  framework  of  several  extinct  types  of  plant-life,  and  has  carried  us  • 
step  further  towards  the  solution  of  evolutionary  problams.  It  is  possible,  even 
with  our  prsaent  knowledge,  to  make  a  limited  use  of  anatomical  structure  as  an 
index  of  life-con didonB,  and  to  resbire  in  some  degree  from  structural  records  the 
physiological  and  physical  conditions  of  plant-life  characteristic  of  tlie  close  of  the 
OarboQiferous  epoch. 

I.  Evidence  Jvmit^d  Sy  the  Coal-period  FloroM  m  to  Climatic  and 
other  Fhysieai  Conditions. 

The  uniformityin  the  character  of  the  vegetation  8ia(«erated ;  the  Glouoplerit 
flora  of  Australia,  South  Africa,  and  South  America.  The  existence  of  botanical 
provinces  in  Upper  Paleeozoic  times. 

A  comparisoD  of  the  Goal-period  vegetation  with  that  of  the  present  day  aa 
regards  ^i.)  the  relative  abundance  of  certain  classes  of  plants,  (ii.)  the  geographi- 
cal distribution  of  certain  families  of  plants  during  the  Carboniferous  epoch  and  at 
the  present  day.  The  importsoce  of  bearing  in  uiind  the  progress  of  plant-evolu- 
tion as  a  factor  affecting  the  consideration  of  such  comparisong.  The  posvble  exist- 
ence of  a  Palffioioic  Mountain  ftora  of  which  no  records  have  been  preeerved. 

II.  TAe  Form,  HaMt,  and  Manner  of  Occurrence  of  Zndioidual  Plant* 
at  Indices  of  Con&tiom  of  Qroicth. 
ComparisoQ  of  calamites  and  horse-tails.  Fossil  forests  of  calamites.  Piaromta 
stems  t'n  lita  and  bearing  roots  at  different  levels,  su^estin^  growth  in  a  r^pon  of 
rapid  sedimentation.  Vertical  stems  either  t'n  tooo  natali  or  drifted.  Climbing 
plants  possibly  represented  by  Sphenophytlum,  some  species  of  ferns  and  Mednl- 
iosefe.     Function  of  the  so-called  ApJUeHa  leaves  of  ferns. 

III.  Anatomical  Evidence. 

The  value  of  evidence  afforded  by  anatomical  features.  Bisks  of  comparison 
betweenstructuialcharacter  of  extinct  and  recent  plants,  Structure  considBted 
from  tbe  point  of  view  of  evolution,  as  the  result  of  adaptation  to  external 
conditions,  and  to  mechanical  and  physiological  requirements. 

(<i)  Sporei  and  leaves. — Abundance  of  spores  provided  with  filamentous  or 
hooked  appendages ;  adaptation  of  spores  to  floating  or  to  wind-dispersal.  Thekaf 
structure  of  calamites,  ferns,  &c. ;  presence  of  stomata,  palisade  tissue,  and  wat«r- 
glanda;  the  'parichnos'  or  aerating  tissue  in  the  leaves  of  Lepidodendien  and 
oigillariefe. 

(3)  Stems  and  roots. — Absence  of  annual  rings  of  growth.  The  large  uie  of 
Wftter- conducting  elements  connncted  with  rapid  transport  (eg.  Sphaiaphyilum^  or 
with  storage  of  vrater  (e.g.   Megahxylon).      The  chambered  pith  oi  Cbriaiies, 
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quoted  as  evidence  of  npid  elong&doD,  of  little  or  no  phyuologlcal  aigiiificance. 
Abundance  of  secretorj  tisgue.  Acntoiiiical  cbaracteristics  of  a  Lepidodendroid  tjpe 
of  ttem ;  (treat  development  of  aecondnry  tiraue  in  the  outer  C0Ttt>x,  little  or  no  true 
cork,  lux  inner  cortex.  Lacunar  tissue  in  the  roots  of  calamites ;  hollow  appen~ 
d^ea  of  Stigmaria.  Indications  of  xerophjtic  diaracters  maj  be  the  result  of 
growth  in  salt  marshes. 

Evidenee  at  to  the  Manner  of  Formation  of  Coal. 

(a)  The  stracture  of  ca^areozu  notfitZej  found  in  coal  seams;  the  preservation 
of  delicate  tissues,  the  occurrence  of  fungal  hjphEe  and  the  petrification  of  Stig- 
mariaD  appendages  as  evidence  in  favour  of  the  subaqueous  accumulation  of  the 
pUnt^dhris  found  in  the  calcareous  nodules. 

(6)  Ordinary  coal  microscopically  eiftmined.  Spores,  fiagmenta  of  tissues,  bac- 
teria, and  the  ground  suhatance  of  coal.  Coal  found  in  the  cavities  of  cells  in 
carbonised  tissues.  Sugciested  non-vegetable  origin  of  the  matrix  of  coal. 
'  Boulders '  and  coal-balls  included  in  coal  seams. 

(c)  Boghead,  Cartnel  coal,  arid  Oil-thalet. — Hecent  investigations  of  Bertrand, 
Benault,  and  others.  The  structure  and  mode  of  origin  of  torbanite,  kerosene, 
shale,  Ac.  Suggested  origin  of  Boghead  from  the  minute  bodiee  of  algffi  {fieurt 
d^eau),  sporee,  Ac,  embedded  in  a  brown  ulmic  substance  found  on  the  floor  of  a 
lake.  Abeence  of  clastic  material.  Cumel  coal  characterised  b;  abundance  of 
■pores. 

{d)  Paper-eoalofSuma. — The  paper-coat  ofCuImagein  the  Moscow badn  con- 
slats  largely  of  the  cuticles  of  a  Lepidodendroid  plant.  Bacterial  action  as  on  agent 
in  the  destruction  of  plants  and  as  a  factor  in  the  prodactiou  of  coal. 


The  Oriffin  of  Coal    By  3.  E.  Mabr,  F.R.8. 

"L  What  it  Coait  A  non-scientific  term  introduced  into  scientific  nomen- 
clature for  substances  of  divers  character  and,  therefore,  probably  of  different 
modes  of  orij^in. 

n.  Wat  the  CarhoniferoM  period  one  where  ccnditiont  nalable  toformatwn  qf 


Coincidence  at  this  period  of  dominant  giant  cryptogams,  extensive  pluns  of 
sedimentation,  and  suilAEile  climatic  conditions.  Sucn  coincidence  never  occurred 
before  or  after  the  Carboniferous  period. 

Ill,  What  work  thould  5a  done  in  order  to  advance  our  knowledge  if  origin  of 
ooalt 

la  the  past  light  has  been  thrown  on  coal-formation  by  chemical,  petrologicsl, 
psInontologicAl,  and  stratigraphical  studiee,  and  these  should  be  continued. 

1.  Oiamuiai. — Importance  of  stud^  of  chemical  composition  of  fire-clays  and 
other  accompaniments  of  coal  in  addition  to  coal  itself. 

2.  Petrological, — Dr.  Sorby's  work  on  ori^n  of  grains  of  mechanically  formed 
rocks  (eaadstoneB,  &c.)  should  be  continued. 

3.  raUeontological. — Studies  of  faunas  and  floras  throwing  light  on  physical 
and  also  on  climatic  conditions. 

4.  Stratiffraphical. — Much  detailed  work  is  required  in  manyparta  of  the  world 
to  discover  over  what  periods  coal- formation  occurred  in  exceptional  amount. 
Tendency  at  outset  to  refer  all  upper  Palteozoic  coal-formations  to  the  Coal- 


The  following  Papers  ud  Reports  were  read  :— 

1.  On  the  Fish  Fauna  of  the  Yorkshire  Coaljidda. 

£y  EDtJAB  D.  ■WeLl^hk,  F.Q.S. 

. ,  Only  Lower  and  Middle  Ue'a^ur!^  p're^nt ;  tli&ir  extciUt  an'd  botuSiaielL 

lower  M^as'ufes,  their  extent  and  geaer'al  character,  beds  of  marine  sad  ftMib< 
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-water  orij^  preMnt.     Middle  Meuures,  their  geneml  chuaeter;  formed  in  i 
aeries  of  freshwater  lake  bosiua.     fi^h  reiaaiiu,  where  found  and  in  wh&t  state  of 

EeaerTationi  their  habits  of  Ufe;  Eliuunobmuche,  Teleosteans  (and  in  Bome  cases 
pnoiaoa),  commiii)^letl,  i.e.  marine  end  freshwater  types  in  same  betis  (fresh- 
water) i  Elaamobraiichs  found  in  marine  and  freshwater  beds ;  Dipnoi  onlf 
found  under  freshwater  conditions,  Teleoatean  orders,  Croasopterjgii  and 
Actinopterygii  found  in  both  freshwater  and  marine  beds.  CnnditiooB  under 
which  coals  were  depoeited  aa  beario);:  on  the  occurrence  and  habits  of  the  fish. 
The  swim-bladder  of  Ccelalaculhus,  and  its  peculiar  use  to  them  under  certain 
conditions.  Remarks  on  fiah  remains ;  Elasmobranchii  represented  bj  eleven 
genera  and  twentj-three  species;  Ii^tbyodorulites  bj  seven  genera  and  eight 
species  j  Dipnoi  by  two  genera  and  two  speciea  ;  and  the  Teleostomi  by  twdve 
genera  and  thirtj-ihree  epeciee.  Tabular  list  of  fish  remains  showing;  their 
etratigraphical  distribution ;  remaiks  on  above  list ;  Beveral  new  fish-bearing'  coal 
shales ;  tne  cUstribntion  and  vertical  range  of  the  York^ire  coal-fishes  being  thus 
greatly  extended ;  several  genera  and  species  new  to  Yoikshire,  and  others  new  to 


2.  On  tome  Fo»»il  Fish  from  the  MUlstonn  Grit  Rocks. 
By  Edqab  D.  Wellboen,  F.G.S. 

The  Millstone  Grits  are  naturally  grouped  into  threediviaions, -viz.:  (1)  Bough 
Rock ;  {2)  Middle  Orics ;  (3)  Kinder  Orits  at  base.     Middle  Orits,  conNsting  of 

Kits,  sand,  shales,  subdivided  into  ABC  and  D  beds,  A  being  uppermost. 
innine  Anticline,  mostly  composed  of  these  rocks,  and  on  Lancashire  side  at 
head  of  Calder  Valley,  on  the  south  side  in  a  quarry  at  summit,  there  is  a  good 
exposure  of  the  D  shales,  and  in  these  shales  inajority  of  fish  remains  found;  k 
few  others  having  occurred  at  same  horizon  at  Wadnrorth  Moor,  Sowerby,  Eilne 
Houae  Wood,  and  Eccup,  Yorkshire.  Majonty  of  fish  in  nodular  maasea,  few 
in  shales.  Associated  with  marine  fauna.  Fiah-bearing  beds  formed  nnder 
marine  estosrian  conditions.  Pish  of  great  geological  and  zoological  interest,  as 
laively  increadng  our  knowledge  of  the  fiah  fauna  in  groups  of  rocks  whose 
yield  of  fiah  remains  has  hitherto  been  extremely  limited ;  and  zoologically  in  fact 
that  (1)  one  genus  and  several  spedes  are  new ;  (2)  one  Lower  Old  Bed  Sandstone 
fish  preesnt ;  (3)  the  occurrence  of  the  Lower  Carboniferous  types,  Orodus, 
Fsepbodus,  Priatodusj  and  (¥}  several  genera  and  apeciea  are  new  to  these  rocka, 
liemarks  on  fiah  remains.     Table  of  stratigraphical  distribution. 


3.  The  Plutonic  Complex  of  Cnoc-fia-Sroine  and  ila  Bearing  on  Current 
Hypotheses  as  to  tlie  Genesis  of  Igneous  Rocks.  By  J,  J,  H.  TfULL, 
M.A.,  F.B.S.,  Pres.G.S. 

The  plutonic  complex  of  Cnoc-ne-Sroine  begins  about  five  mOes  soutli  of 
Inchnadampf,  in  Sutberlandahire,  and  extends  in  a  south-easterly  direction  for 
about  five  oiiles,  with  an  average  width  of  about  one  mile.  It  is  boanded  on  the 
north  und  south  by  jifat-covered  tracts,  and  is,  therefore,  more  extensive  than  is 
indicated  by  the  above  figures.  It  lies  in  the  disturbed  zone.  The  main  outcrop 
of  the  Ben  More  thrust  lies  to  the  east,  but  outliers  of  rocks  above  thb  thrust 
occur  to  the  north  and  weat.  The  plutonic  rochs  were  intruded  into  the  Durness 
limestone  series,  which  is  locally  altered  at  the  junctions  to  a  marble  containing 
silicates  of  lime  and  magnesia. 

The  central  part  of  the  maFs  is  a  red  soda-granite  or  quarti-syeoite,'  maioly 
composed  of  ortLoclase  and  albite  (or  a  closely  ^ied  felspar),  with  which  a  little 
qunrlz  ia  asaociated.  Ferro-ma^nesian  minerals  are  almost  entirely  absent.  The 
peripheral  portions  are  more  basic,  and  include  syenites,  augite-syenites,  nepheline- 


n,gti7cd  ay  Google 
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tyeaitea,  and  the  peculi&r  rock  to  which  the  term  borolanitt  has  been  Mpliad. 
These  bwic  border  rocks  ere  richer  in  lime,  iroQ,  moKuesie,  end  titanic  acid,  tliough 
still  containing'  alkali  felspar  and  nepheline.  Tbit  is  proved  hj  the  occurrence  of 
biotite,  {^rine-augite,  melanite,  ana  sphene. 

There  are  thnse  possible  ^^a  in  which  the  compleT  may  have  originated ; 
(1)  snecesaiTe  intrasionB;  (2)  dilferontiation.in  ri(u;  and  (3)  modiflcation  of  the 
orifrii'l  magma  by  the  absorption  of  material  from  the  adjacent  limestones  or 
dolomites. 

The  fact  that  transitional  forms  between  the  main  tjpes  are  abundant  seems 
to  suggest  that  BuccesBire  iotrusions  of  sharplj  dlfierentiated  magmaa  have  not 
played  an  important  part  in  the  building  up  of  the  complex.  The  formation  of  a 
boraer  facies  of  basic  rocks,  richer  in  lime  and  magnesia,  can  be  explained  by 
absorption  from  tbe  adjacent  limestonaB  or  dolomites,  but  the  enrichment  in  iron 
and  titanic  acid,  as  represented  by  the  frequent  abnndanoe  of  melanite  and  tphene, 
cannot  ha  so  accounted  for.  The  evidence  at  present  avtulable  sucgeats  that 
differentiation,  coupled,  it  may  be,  with  some  absorption  of  material  from  the 
adjacent  sedimentaries,  has  been  tbe  miun  agent  in  forming  tbe  complex. 

But,  however  the  complex  may  have  originated,  it  is  certain  that  tbe  magmas 
representing  tbe  more  acid  and  tbe  more  basic  portions  appear  outside  the  plutonic 
area  as  dykes  and  nils.  Thua  te  (be  north  there  are  felaitic  rocks  containing 
agirine  closely  allied  iu  compodtion  to  tbe  c|USTtz -syenites,  and  in  the  Coigach 
district  of  West  Roes-shire,  atwut  seventeen  miles  to  the  west  of  Cnoc-na-Sroine, 
there  are  d^kee  of  borolanite. 

The  main  object  of  this  communication  is  to  call  attention  to  the  extremely 
interesting  petrographical  province — unique  so  far  as  the  British  Islands  are 
concerned — of  which  Onoo-na-Sroine  forms  a  part,  and  to  the  problema  connected 
with  it  which  sttU  awut  solution. 


4.  On  a  Granophyre-dyke  Intrunve  in  the  OiMyrQ  of  Ard/nanrnnha/n, 
SeoUand.      By  Profeaaor  K.  Buaz,  of  MiLmster. 

Similar  contact-phenomena  to  those  already  known  of  Rartiavave  in  Ireland 
and  of  Strath  on  ue  isle  of  Shye  have  been  found  near  the  village  of  Kilhoan 
on  Afdnamurchan,  where  a  granoph^ re-dyke,  intrusive  in  a  Bnrrounding  mass  of 
gabbro,  has  not  only  affected  alterations  of  tbe  gabbro,  hut  has  also  undergone 
alterations  in  its  own  composition  through  the  absorption  of  basic  material. 

Tbe  gabbro  occors  in  two  varietiee,  the  one  being  a  fine  sugar-grained  black 
rock,  wiuiont  any  macroscoplcally  visible  structure,  the  other  showing  a  porphy- 
ritie  atmotore  and  containing  small  black  crystals  or  crystalline  aggregates  of 
tridjnic  felspar. 

They  both  consist  of  anorthite,  pyroxene — diallage  and  common  augite — and 
magnetite ;  rhombic  pyroxene  in  considerable  quantity  is  also  present  in  tbe  por- 
phyritic  variety. 

On  the  junction  line,  where  the  granophyre  and  gabbro  meet,  all  constituents 
have  been  greatly  alterad.  The  triclinic  felspar  gradually  passes  into  orthoclase 
and  the  alteration-product  of  pyroxene  is  hornblende  (usually  uralite),  brown  mica, 
aod  secondary  granular  augite. 

Tbe  granophyre  consists  of  quartz  generally  in  well-defined  crystals  and  of 
grey  ortnoclase,  wbich  serves  aa  interstitial  matter.  It  also  coutains  a  great 
number  of  rectangular  felspar  crystals,  the  centre  of  which  in  many  casea  consista 
of  triclinic  felspar  (gabbro-xenocrysts).  It  appears  spotted  with  numeroos  black 
patches  of  different  size,  mostly  minute,  which  are  the  remains  of  pyroxene-xeno- 
ciyets,  originated  from  the  gabbro  and  showing  eve^  stage  of  alteration. 

The  resolts  of  the  examination  of  these  rocka  lead  to  the  following  conclusions ; 

1.  Tbe  gabbro  is  presumably  a  dyke-rock,  belonging  to  the  group  which  bos 
baea  termed  heerbachite,  and  also  parUy  a  porphyritic  variety  of  the  same — bterba- 
ekite-porp/iifry. 

2.  It  was  solidiSed  before  the  intrusion  of  the  granophyre,  aq  the  Utter  contains 
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B  great  number  of  xenolitlu  of  it,  which  'through  the  acid  migmA  have  andwgoiw 
great  alteraliinia. 

3.  The  grauophyie  haa  abeorhed  a.  coosiderable  quantitj  of  the  basic  material, 
therebr  altering  iU  own  compostion  and  efiecting  the  crjstalliastionof  hombloDde 
and  mica,  two  convtitueata  which  «e  have  to  consider  m  not  belonging  to  tba 
origiiial  grauoph^re  magraa. 

4,  In  the  •olidiGcation  of  the  granophyre  two  stages  can  be  dietisguiahed,  the 
fint  giviug  rise  to  the  formation  of  the  rectangular  ortboclaae  crjstala,  which 
crysUlUwd  in  paiallel  intergrowth  with  the  plagioclaae-ienocrTit^  the  MCond 
forming  a  hind  of  groundmaw  in  which  fVeah  quarts  ciyitalliaed,  while  the  ortlift* 
clase  filled  up  the  Temdning  fpacea. 


6   Jnierim  Report  on  ih«  Pretent  Slate  of  our  Knoicledfft  of  the  StruetKre 
of  CrystcUr. 

6.  Report  on  L\fe  Zonet  in  British  Carboniferous  Rocks. 
See  Beporta,  p.  340. 


TUESDAT,  SEPTEMBER   11. 

The  following  Papers  and  Keporta  were  read ; — 

1 .  On  Naisdita/riwi  (Ae  Upper  Rhatie  (Bed  K  of  Wilson's  Section)  (jf 
Redland,  near  Brisld.     By  Ioebna  B.  J.  Solus,  B.Ss. 

The  plant  remains  known  u  Neiadita  are  found  in  Rhnlie  beds  in  the  SevenL 
district  Wow  the  Avon.  Phillipa  mentiooa  their  occurrence  at  Tewkeebiuy, 
■\Veatbnrj-on-SeTen),  and  Bristol. 

These  fosdis  are  well  known  from  the  description  published  fifty  yean  ago  by 
Buckman.  It  wai  Buckman  who  choae  for  them  the  name  Naiadita,  hecauae  ha 
considered  them  to  be  monocotyledonous  plants  resembling  tha  memhera  of  t^ 
order  Naiadacete. 

Mr.  Starkie  Oardner  in  1SS6  re-examined  them,  and  pointed  out  that  the 
markings  taken  by  Buckman  aa  having  been  left  by  the  tect&ngular  venation  of  a 
KainS'like  leaf  were  in  reality  fossilised  cell-walls. 

Mr.  Gardner  concludes  that  the  plant  is  a  moss,  and  probably  closely  allied  to 
the  genus  Fbntinalis.     He  speaks  of  a  capsule,  but  of  this  be  gives  no  description. 

A  slab  from  the  Nsiadites  bed  of  Pyll  Hill,  Bristol,  was  recently  sent  by 
Mr.  Wickes  of  that  town  to  my  father  for  examination,  because  it  contaiua  bodies 
which  were  thought  to  be  possibly  gemmules  of  spooges.  On  this  proving  not  to 
be  the  case  the  specimen  was  haniied  over  to  me. 

The  plant,  which  was  delicate,  slender,  and  moss-like  in  habit,  is  preserved  in  a 
more  or  less  fragmentary  condition.  I  believe,  however,  that  the  parts  ore  suf- 
ficiently connected  to  show  that  the  sporangia  areidtuatedatthebaaea  of  the  lekiM, 
between  th^  upper  surfaces  and  the  stem.  The  stems  branch  laterally,  and  a 
sporangium  is  often  to  be  seen  near  a  point  of  branching. 

The  shapes  or  the  leaves  ore  various,  and  thia  has  led  Buckman  to  eataUiih 
three  distinct  speciaa.  Xo  doubt  there  may  be  more  than  one  spedes  preaeat,  but 
certainly  leaves  of^at  leest  two  diOerent  shapes  ore  to  he  seen  attached  to  one  and 
the  same  piece  of  stem,  vi2.,  small  obovate  leaves  and  larger  ones  of  sn  doogate 
elliptical  shape. 

The  epidermal  ceU-walls  are  preserved  and  thor  outlines  ue  very  clear.  The 
cells  arto  long  and  rectangular,  thorteoxng  t&'wuda  the  biEes  of  the  letres.  No 
stdmuta  ai^e  to  be  sten. 
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The  capsules  are  more  or  leu  ■pherical,  and  meaauie  0-75  moi.  in  diameter. 
Those  which  are  brokeo  are  bwd  to  contain  a  gmnular  mass  of  spores.  The  more 
perfect  capsnlea  Have  a  wsU  which  appear*  teraelUted,  as  it  la  composed  of  small 
qnadrate  cells. 

Sections  of  the  capsules  show  that  the  spores  are  still  coDnected  into  tetrads 
by  the  spora  mother  cell-walls.  The  coats  of  the  spores  are  covered  with  minuto 
bosses.     The  sporangium  wall  is  at  least  one  cell  layer  thick. 

Sections  of  the  Tegetative  parts  do  not  reveal  au;  details  of  structure,  but  soma 
points  maj  be  mode  out  by  simplj  rubbinf;  down  on  a  hone.  Long  tubes  filled 
up  with  oxide  of  iron  lying  in  the  axes  of  the  stems  are  all  that  is  preserved  of  the 
inteTual  tissues.    The  tubes  may  occasionally  be  found  seadicig  a  branch  to  a  leaf. 

The  nature  and  position  of  the  sporangia  and  their  contents  suggest  that 
Naiodita  bad  affinities  with  Lycopoda  rather  than  with  mossas. 

On  this  account  I  searched  thoroughly  for  stomata,  as  atructares  confirmatory 
of  the  sporophytic  nature  of  the  plant.  The  result  of  the  search  was,  as  I  have 
said,  Dilative,  and  it  is  not  surprising  that  this  should  be  the  ease.  The  associated 
fossils  are  beshwater  forms,  and  the  habits  of  the  plant  point  to  a  submerged 
existence.  Mr.  Gardner  has  aln^ady  appreciated  thin  fact  in  maintnining  the  ctiMa 
kinship  of  Naiadita  with  Fontinalis.  The  submerged  species  of  laoetes  abow  that 
aquatic  life  in  the  case  of  Cryptogams  leads  to  loss  of  stomata  just  as  in  that  of 


3_  The  Influence  oj  tJie    Winde  upo*i  ClimaU  during  Fast    Spoehg:  a. 

Meleorological  Explanation  of  tome  Geological  ProbUms.     By  F.  W 

Hahmbr,  F.G.S. 
This  paper  is  in  continuation  of  one  read  at  Dover  in  1800,  on  'The  Meteoro- 
logical Conditions   of  North-western  Europe  during  the  Pliocene  and  Glacial 

The  irregular  distribution  of  the  isotherma  in  the  northern  hemisphere  is 
largely  due  to  the  direction  of  the  prevalent  winds.  In  regions  where  these  are 
constantly  var^dng,  aa,  for  example,  in  Great  Britain,  the  climate  varies  diumally, 
one  day  being  often  dry  or  cold,  and  the  neit  rainy  or  warm.  In  others,  where 
the  wind  cbanges  seasonally,  one  part  of  the  year  is  rainless  and  another  pluvial. 
Permanent  alterations  in  climate  would  equally  result  were  the  course  of  the  pre- 
valent winds  permanently  changed. 

The  direction  of  the  winds,  which  must  always  be  more  or  less  parallel  to  the 
isobars,  depends  on  the  relative  position,  and  onuie  form  and  alignment  of  areas 
of  high  and  low  baromt;tric  pressure.  The  movemouts  of  the  latter  b^ng  largely 
interdependent,  any  important  meteorolt^csl  disturbance,  however  cauaed,  may 
mslce  its  influence  felt  at  a  considerable  distance  from  the  focus  of  its  origin. 

The  winds  blow  round  areas  of  high  and  low  pressure;  outwards,  from  the 
former,  and  to  the  north  of  the  Eouator,  from  left  to  right ;  and  inwards,  towards 
the  latter,  from  rie-ht  to  left.  Hence,  in  the  northern  hemisphere,  southerly 
winds  prevail  to  Uie  east  of  a  cyclonic  centre,  and  northerly  winds  to  the  west  of 
it,  the  controst  between  the  temperature  of  the  two  being  usually  in  proportion 
to  the  distance  the  aerial  currents  may  have  travelled  fram  the  south  and  the 
north  respectively.  Warm  and  cold  winds  must  therefore  necceaarily  coexist, 
catisiog  ditferencea  in  climate  in  countries  having  the  same  latitude.  The  winter 
temperature  of  Hudson's  Bay  is,  for  example,  60°  F.  colder  than  that  of  Great 
Britnin.     Smilar  climatal  conditions  must  also  have  existed  during  the  Pleistocene 

The  continental  regions  of  the  northern  hemisphere,  being  at  present  warmer 
during  summer  than  ^o  ocean,  are  cyclonic ;  in  winter  they  are  colder,  and  con- 
Eequently  anticyclonic.  Over  the  great  ice-sheets  of  the  Glaual  period,  however, 
high  pressure  must  have  prevailed,  more  or  less,  at  all  seasoiu,  and,  generally,  the 
meteorological  conditions,  including  the  direction  of  the  prevalent  wmds,  and  local 
variations  in  climate  must  then  have  been  widely  different  from  those  of  our  owu 
1900  3  a 
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times.  Oceanic  winds,  with  copious  niofall,  may  have  prav^ed  in  rwions  now 
arid,  and  mild  winten  where  thej  are  now  excessiveW  severe.  Such  cases  of 
luiomaloos  ctimate  aa  those  of  the  pluvial  conditions  of  the  Sahai&,  and  of  Arsihik 
and  Perao,  during  the  Pieistoceike  era,  maj  be  BatisracCorily  explained  b;  the  changes 
in  the  relative  positions  of  (^clonic  and  auticyclonic  systems,  which  were  caused  1); 
the  gradual  growth  and  dusppearance  of  the  great  ice-sbeets,  as  maj  be  the 
alt«mBte  humidity  and  desiccation  of  the  gteat  basin  of  Nevada,  the  former 
existence  of  the  mammoth  ou  the  shores  of  the  Polar  Sea,  &c. 

It  is  difficult,  however,  to  restore  hypothetifAllj  the  meteorological  conditions 
of  the  Pleistocene  epoch,  on  the  theory  that  the  maxiinumglaciationof  the  eastem 
and  western  continents  was  eontemponuieous.  At  present,  the  influence  of  the 
Gulf  Stream  and  the  soath-west  winds  caused  by  the  Icelandic  cvclone  carries  in 
wint«racDmparatirely  warm  climate,  and  lowpreBSiires,northwHrdHinto  the  Arctic 
Circle,  but  no  permanent  ice-sheet  could  have  existed  in  Great  Britain  under  such 
circumstances.  Inthe  opinion  of  Professor  Jas.  Oeikie  andof  Dr.  Buch  an,  the  polar 
buun  was  filled  with  ice,  and  therefore  penuaneutly  anticyclunin,  during  the  Qladal 
epoch.  Cyclones  and  anticyclones  in  regions  more  or  less  contiguous  are,  however, 
necessarily  complementary,  in  order  that  the  vertical  circulation  of  the  atmosphere 
may  be  maintained.  The  existence  of  on  enormous  polar  anticyclone,  extending 
southwards  over  a  great  portion  of  Europe  and  North  America,  would  have 
involved  also  that  of  a  cyclonic  system  of  corresponding  importance  in  the  North 
Atlantic,  a  region  which  maet  have  been  at  all  seasons  warmer  tbait  those  covered 
with  ice.  If  Europe  and  North  America  were  glaiuated  at  the  same  time,  the 
Icelandic  cyclone,  which  now  lies  (statistically)  in  winter  near  to  the  south-e«^ 
coast  of  Greenland,  would  have  been  forced  to  the  south  ;  but  the  further  south'  "it 
went,  the  warmer  would  have  been  the  southerly  winds  which  blew  east  of  its  centre 
towards  Great  Britain  and  Western  Euro^.  Conditions  similar  to  those  which 
may  have  prevailed  during  the  Glacial  period  occurred  during  the  eari^v  part  of 
18W,  for  iaformatioD  as  to  which  the  author  desires  to  acknowledge  his  Indebted- 
neat  to  Mr.  W.  N.  Shaw,  F.R.S.,  of  the  Meteorological  Office.  At  that  time  a 
Ct  loW'  pressure  system,  which  sometimes  extended  from  Europe  to  America,  and 
\  Icdand  to  the  Canary  Islands,  occupied  the  North  Atlantic.  Vast  volumes  of 
cold  air  were  consequently  poured  over  North  America,  and  Western  Europe  was 
Hooded  by  warm  aerial  currents  ^m  the  aiib-tropicol  zone.  At  the  beginning  of 
February,  temperatures  of  from  — 40°  F,  to  — 60°  F.  were  commonly  roistered  in 
different  parts  of  North  America;  while  at  the  same  time  the  thermometer  rose 
in  London  to  66°  F,,  in  LiSge  to  70°  F.,  and  in  Davos  to  62°  F.,  the  aven^ 
maximum  for  that  month  at  the  latter  place  being  38"  F.  These  coincident  varia- 
tions in  the  temporary  climate  of  the  northern  hemisphere  are  directly  traceable  to 
the  same  cause. 

No  meteorological  difHculties  arise  if  we  adopt  the  hypothesis  that  glacial  and 
interglacial  periods  alternal/id  in  the  eastern  and  western  continents.  If  tie  ice- 
cap extended  from  Greenland  to  Scandinavia,  the  North  Atlantic  cyclone  would 
have  been  forced  to  the  soutli-west,  towards  the  American  coast,  nroduciag  worm 
south-east  winds  over  Labrador ;  if,  on  the  contrary,  it  stretched  irom  Greenland 
to  North  America,  the  cyclone  would  have  been  driven  in  the  direction  of  Europe, 
causing  miid  weather  in  the  latter,  as  in  the  case  just  given. 

Such  a  view  affords  a  simpler  explanation  of  the  geological  facta  than  those 
usually  adopted.  Inateadof  supposing  that  the  climatic  changes  of  the  Great  Ice 
age,  several  times  recurrent  at  intervals  of  a  few  thousand  years  only,  were  due  to 
astronomical  causes,  it  is  here  suggested  that  the  climate  of  the  Pleistocene 
epoch  being  uniformly  colder  than  that  of  our  own  era,  conditions  of  comparative 
\  warmth  or  cold  may  have  been  local,  as  they  now  are,  affecting  the  great  conti- 
1    nental  areas  ot  different  periods.    

»    3.  Ifoles  on  some  Recent  Fxcavationt  in  the  Glacial  Drift  in  Bradford. 

V  By  JJS.  MOKCKMAN,  D.Sc. 

The  stream  that  flows  through  the  Bradford  Valley  rises  on  the  hills  abovo 
Thornton  and  flows  in  an  easterly  direction  to  the  centre'of  the  town,  where  it 
turns  at  right  angles  towards  the  north  and  falls  into  the  Aire  at  Shipley^ 
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In  the  lower  britnch  of  tbe  valley  we  find  nbundance  otgl&cittl  mutamla,  which 
have  been  pushed  up  from  iha  Aire  by  a  branch  of  the  Airedale  glacier,  and 
among'  the  rocka  abundance  of  limeatoDes. 

Id  the  upper  Talley  wedo  not  find  the  same  state  of  things;  but,  instead  of  the 
limestones,  aregrita  and  saodstonea,  except  along  a  line  commencing  at  Leventhorpe 
Hall  (which  h  abont  three  miles  from  the  centre  of  the  town),  and  paaaing  through 
LidgeC  Oreen, Orange  Estate,  Little  Horton  to  Bankfoat,  it  forma  a  fairly  straight 
line,  about  three-quarters  of  a  mite  south  of  the  Town  Hall,  at  ita  nearest  point. 

Behind  Grange  Iload,  to  the  south,  there  is  an  exteneive  deposit,  which  haa 
been  exposed  to  a  depth  of  twenty-two  feet  in  some  places,  and  excellent  oppoF* 
tunitiea  afforded  of  examining  the  boulders,  among  which  were  found  many  speci- 
mens of  limestone*,  light-coloured  and  dark,  handed  and  cherty,  also  a  fair  quantity 
of  Silurian  grits. 

I  afterwards  found  limestone  at  Hewenden,  and  Mr.  Mulf  found  it  near  Oxen- 
hope  ;  there  ia  also  an  immense  deposit  at  Cowling. 

Thus  ws  find  the  same  kind  of  depomta  along  a  moderately  straight  line  on  the 
Bouth  aide  of  the  Aire  Valley. 

The  presence  of  the  Silurian  pebbles  appears  to  indicate  that,  as  there  is  no 
rock  on  the  south  of  the  Aire  from  which  they  could  be  derived,  the  Ribhlesdale 
ice  was  forced  over  into  Airedale,  and  that  the  moraine  formed  from  tbi  grits  and 
slates  of  IngleboTOugh  became  the  soathern  one  in  the  Aire  Valley. 

The  grit  boulders  to  the  south  of  this  line  are  of  the  same  character  as  the 
strata  forming  the  hills  on  that  side  of  the  valley,  and  were  probably  carried  by 
■mailer  local  streams  of  ice. 


i.  On  a  Glacial '  Exlra-morainic  '  Lake  occi^ying  ike  Vallny  of  the 
£rad/ora  Seek.    By  J.  E.  Wilson. 

Iq  the  paper  read  bv  the  late  Professor  H.  Carvill  Letris  berore  the  Geological 
Section  at  Afanchester  in  1887  on  the  E.^tra-morainic  Lakes  of  Central  England 
and  elsewhere,  he  pointed  out  that  the  Aire  glacier  was  the  cause  ol'  three  lakes — 
one  in  the  neighbourhood  of  Skipton,  tJiwarde  Bolton  Abbey;  one  due  to  the 
damming  up  ofibe  Bradford  Beck;  and  one  intbe  valley  of  the  Worth.  The  present 
paper  is  the  outcome  of  an  endeavour  to  verify  these  observations  of  Professor 
Lewis.  The  proof  of  the  existence  of  the  Aire  glacier  and  of  its  extension  need 
not  detain  us  further  than  to  point  out  out  that  glacial  atris  occur  on  both  sides 
of  the  Aire  Valley,  and  are  seen  about  the  outlet  of  the  Bradford  Beck  at  Wind- 
hill,  and  tbat  boulder  clny  containing  scratched  limestones  is  frequent  in  the  Brad- 
ford ares.  Any  gkcier  in  the  Aire  V-vlley  which  extended  on  to  the  slopes  of 
Idle  Hill,  the  northern  point  of  the  rii^^  which  bounds  the  Bradford  ba»iin  to  the 
east,  would  block  up  the  mouth  of  the  Bradford  Valley.  This  ridge  has  an  altitude 
above  the  sea  at  Idle  Hill  of  760  fi'et,  and  gradually  decreases  in  height  as  far  as 
Ijsisterdyke,  afterivards  rising  again  to  the  southward.  The  lowest  point  of  the 
lip  of  the  Bradford  basin  is  marked  by  the  dip  through  which  the  Great  N'orthern 
Kailway  extends  out  of  Bradford  at  Laislerdyhe.  In  the  event  of  a  block  in  the 
valley  between  Heaton  and  Idle  Hill  this  would  naturally  be  the  outlet  of  the 
lake  so  produced.  The  height  of  the  col  at  Laislerdyke  is  about  660  feet  above 
the  sea. 

It  would  be  very  unlikely  tbat  one  would  find  in  a  district  like  this,  either 
much  built  over  or  under  cultivation,  anything  in  the  way  of  beaches  or  terraces. 
But  at  several  points  beds  of  sand  and  sandy  clay  have  been  observed,  and  these 
occur  at  levels  of  about  650  feet.  The  most  sirihing  is  a  deposit  of  sand  and  silt, 
showing  extremely  good  current-bedding,  on  the  hill  opposite  Leaventhorp  Mill, 
towards  Allerton,  and  also  in  the  oeighbouthood  of  the  mill  itself.  The  mode 
of  its  occurrence  and  ita  appearance  suggest  a  delta  deposit,  and  it  is  at  exactly 
such  an  altitude  as  would  fit  with  the  presence  of  a  lake  having  an  outlet  at 
Laisterdyke.  The  difficulty  occurs,  however,  that  the  stream  flowing  in  the  vaUey 
■separating  the  two  patches  of  current-bedded  mateiial  haa  a  macb  amaller  disinage 
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uBk  tlian  Thornton  Beck,  of  which  it  is  a  tribuUrj,  and  in  the  Thornton  Beck 
Valley  similar  dopomtH  are  very  pcx)rly  represented. 

To  expUiu  this  a  CQnsideration  of  the  Iskea  to  tlie  westward  is  0ec«asai7. 
Although  Professor  Garvill  Lewis  oaly  inferred  lakes  in  the  Bradford  area  and  in 
the  Ilsworth  area,  there  ia  a  valley — that  of  the  Harden  Bdck — between  them, 
which  also  maiiitaiaed  its  lake.  The  Cbellow  Dean  resarvoirs  of  the  Bradford 
Corporation  are  situated  in  a  deep  narrow  valley,  the  rivulet  originally  flowing 
down  it  bavins'  ^^  '^  "^  ^  drainage  area  of  only  aboat  three-quarters  of  a  tnile 
square,  an  area  wholly  inadequate  to  account  for  the  valley.  Its  upper  part  ia  in 
fact  a  deep  notch  in  the  ridKe.  which  would  form  the  outlet  of  the  Cullingnrorth 
lake,  and  is  at  a  height  of  7^  feet.  The  presence  of  this  lake  would  account  for 
bods  of  current-bedded  silt  at  Sandbeds,  near  Cullingwortb,  at  exactly  this  level. 
But  in  the  valley  beJow  Chellow  Dean  hardly  any  traces  of  delta  deposits  Iiave 
b«en  observed  at  the  level  of  Lake  Bradford — thnt  is,  on  the  same  level  as  the 
Leaventhorp  bede.  If,  however,  the  extension  of  the  Aire  (glacier  blocked  up  the 
notch  at  Ohellow  Dean,  the  outlet  of  the  lake  would  be  at  the  next  lowest  col — 
that  near  Stream  Head  Farm,  K70  feet  above  the  sea.  The  valley  below  Stream 
Head  Ool  soon  becomes  a  deep  narrow  gor^  similar  in  many  respects  to  that  at 
Chellow  Dean,  and  it  is  on  either  side  of  Lbis  valley,  when  it  reaches  the  level  of 
Lake  Bradford,  that  the  dulta  deposit  above  referred  to  is  found.  The  position  of 
this  large  deposit  would  therefore  be  explained  if  it  is  regarded  as  the  result 
of  the  erosion  of  the  valley  above  by  the  water  from  the  extensive  drainage  areas 
of  the  Worth  and  Harden  Berk  pourini»  over  the  Stream  Head  Col.  The  material 
carried  down  by  iiie  beck  and  arrii.sled  in  its  course  on  reaching  Lake  Bradford 
would  be  deposited  just  where  the  Leaventborp  beds  occur.  Corroborative  evi- 
dence of  the  preseuce  of  a  lake  at  the  level  of  the  Stream  Head  Col  is  possibly 
provided  by  the  occurrence  of  current-bedded  sand  opposed  in  a  gravel  pit  at 
ilallaa  Rough  Park  at  about  the  level  of  the  col. 

On  the  other  hand,  the  absence  of  delta  deposits  from  the  Chellow  Dean  Beck 
would  be  explnined  if  it  is  considered  that  possibly,  when  the  extension  of  the 
glacier  was  such  that  the  Chellow  Dean  Col  was  open,  the  size  of  the  glacier  was 
not  sufficient  to  wholly  block  the  mouth  of  the  Bradford  A'allcy.  In  this  case  the 
water  would  escape  by  its  present  outlet,  and  no  lake  would  exist  to  arrest  the 
material  brought  down  from  the  mvine  of  Chellow  Dean. 

At  the  period  when  thi^  Chellow  Dean  Col  was  open  there  would  be  two  lakes 
to  the  westward,  one  in  the  Ciilliogworth  Vnllcv.above  mentioned,  and  one  in  the 
Wcrth  Valley.  The  outlet  of  tbo  latt«r  w^mld'ba  a  duep  notch  at  Sugden  End, 
near  Haworth,  at  7  JO  feet ;  but  as  the  Stream  Head  Col  ia  ut  a  greater  height  than 
this,  the  tw>>  lakes  would  be  morged  into  one  large  lake  when  the  Chellow  Denn 
Col  was  blocked,  so  thut  fur  this  period  Professor  Cuirill  Lewis's  theory  would 
bo  correct. 

5,  A  PreHmiiiary  Note  on  thi  Glaciation  nflhe  KeighUy  and  Bradford 
DUtrict.    By  Albebt  Jowett,  M.Sc,  and  HcitsEBT  B.  Muff. 

1.   General  View  of  the  Surface  Feature*  of  the  Area. 

The  general  trend  of  the  Aire  Valley  in  this  district  is  from  N.W.  to  S.E. 
Actually,  the  valley  makes  a  number  of  roughly  rectangulur  bends,  receiving  a 
large  tributary  valley,  from  the  south  side,  at  each  southern  convexity,  viz. :  the 
tilusburii  Valify  at  Kildwick,  tlio  Worth  'X'ftlley  at  Keighley,  the  Harden  Valley 
at  Bindley,  and  (he  Itrailford  Valley  at  Shipley.  The  valleys  entering  on  the 
uorih  side  are  much  siuiiller. 

The  tributary  valleys,  of  which  the  Worth  Valley  and  the  Bradfoid  ^"slley 
are  the  hirgest  and  luoit  complex,  have  been  excavated  in  the  plateau  of  Upper 
Carboniferous  rocks,  of  which  the  Millstone  (irit  here  forms  the  Pennine  water- 
Bbed.  The  altitude  of  the  watershed  rarely  exceeds  1,500  feet;  there  is  a  break 
below  1,13.)  feet  west  of  Haworth,  and  a  broader  depresbion  below  900  f^t 
between  Coloe  and  Kildwick.    The  rid^  between  the  trlbutu;  Tilleya,  on  both 
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Bides  of  the  mtia  vallej,  ara  cut  at  light  angles  in  maoj  places  by  notehes  trend- 
ing from  N.W.  to  S.E. 

2.   Characteristic  0/  the  Olacial  Depotitf  and  Stria. 

Boulder  Clay  is  found  in  man;  places  throughout  the  area,  and  connate  of  a 
toui;h  blue  clay  which  has  a  superficial  coveting  of  yellow  sandy  clay  of  very 
variable  thickness.  The  contained  stonea  are  chiridy  Carbon iferous  limestone, 
chert,  grit,  and  sandstone,  including  ftnnnisier,  together  with  shales  and  iroD' 
etone  nodules.  OccHsion&l  pre-Carboniferous  grits  and  slates  have  been  met  with. 
The  limestone  boulders  become  fewer  in  number  and  generally  smaller  in  size 
as  we  proceed  down  the  main  Tatlej,  and  also  as  we  approach  the  periphery  of 
the  area  from  the  main  valley.  Boulders  of  the  other  locks  are  also  found  to  the 
Bouth-east  of  their  Mlid  outcrops.  Most  of  the  boulders  in  the  blue  clay  are 
beautifully  moulded  and  striated.  The  yellow  clay  contaios  fewer  limeatuneu 
than  the  blue,  of  M'hich  it  appears  to  ba  simply  the  weathered  crust. 

Qravel  is  oneu  found  above  and  at  the  margin  of  the  boulder  clay,  and  in 
some  placea  passes  into  current-bedded  sands.  Occanionally  a  section  is  seen 
allowing  clay,  sand,  and  gravel  of  all  degrees  uf  coarseness  in  interdigitatinff 
layers.  Sections  at  the  lower  ends  of  the  spur-cutting  notches  above  mentioned 
havp  revealed  current-  bedded  sands  and  gravels,  &c.,  composed  of  materials  similar 
to  the  rocks  exposed  in  the  sides  of  the  gorge  above.  Strife  are  most  frequently 
preserved  on  beds  uf  grit  which  have  a  covering  of  clay  ;  one  set  was  found  on 
gannister  similarly  preserved,  in  the  case  of  th"  grit  surfaces,  not  only  are  there 
lonz  parallel  striat ions  on  the  whole  surface,  but  the  larger  quartz-pebbles  are  very 
finely  scrstcbed  in  the  eame  direction.  The  direction  of  the  ice-movement  was 
deduced  from  the  observation  that  surface  irregularities  were  rounded  and  smoothed 
on  the  one  side,  but  rough  on  the  other. 

3.  Maximum  JExtent  and  IHrectioa  of  Movement  of  Glacier. 
The  floor  of  the  Gluabum  Valley  is  covered  with  boulder  cloy  which  is  con- 
tinuoua  with  and  similar  to  the  drift  on  the  weetern  side  of  the  Pennine  watershed 
described  by  Mr.  R.  II.  Tiddeman.     On  Cowling  Moor,  a  long  ridge  of  unstratified 

Cvel,  50  feet  thick,  is  seen  at  an  altitude  of  1,160  feet  O.D.  Great  masses  of  a 
d  conglomerate  of  limestone,  grit,  and  shale  occur,  tbe  cementing  material  of 
which  is  calcite,  evidently  depiisi ted  from  solution  by  percolating  water.  Above 
this  ridge,  sandy  clay  with  iimeslone  and  chert,  as  well  as  grit,  gannister,  £c., 
may  be  traced  up  under  the  peat  to  1,360  feet,  and  to  a  somewhat  greater  altitude 
to  the  westward.  Combe  Hill  (1,464  feet)  was  not  overrun  by  the  ice,  its  surface 
being  covered  by  the  angular  fragments  of  the  underlying  grits,  and  drift  being 
also  absent  from  its  southern  and  south-eastern  slopes.  On  Boulsworth  IliU,  to 
the  south,  drift  is  found  up  to  nearly  1,400  feet-  Thus,  though  tbe  ice  stood  up 
against  these  two  hills,  it  did  not  actually  force  its  wav  through  the  gap  between 
them. 

Traced  eastwards,  tbe  altitude  of  the  margin  of  the  drift  diminishes,  and  it 
continues  to  diminish  all  down  Airedale.  It  reaches  l.iiiX)  feet  on  Keighley  Jloor, 
and  is  traceable  round  into  the  Worth  \'alley  above  Ponden  at  960  f««L  On 
Ilaworth  Moor  the  limit  is  met  above  ijeeshaw  Reservoir,  and  south-wast  of 
Leoming,  at  just  above  1,026  feet.  No  traces  of  glaciation  occur  on  Oienhope 
Jlour  and  Thornton  Moor  above  Deoholme ;  but  the  ice  pushed  round  into  the 
Harden  Vallev,  leaving  a  marginal  moraine  at  Hallas  Rough  Park  (900  feei)  con- 
sisting of  boulder  clay,  gravel,  and  sand  heaped  up  in  ridges  running  from  N,  W. 
to  S.E.  The  Harden  Valley  contains  boulder  clay  as  far  as  Denholme  Station. 
Clay  is  also  found  in  the  W  ilsden  ^'alley  and  up  tiie  face  of  Harrop  hxlge  to  over 
026  feet.  Drift  around  Allerton  shows  that  the  ice  pushed  over  Ohellow  Dean 
into  tbe  Bradford  Valley,  layine-  down  thick  deposits  of  tough  clay,  with  many 
scratched  limestones  at  Iiorlon  Orange,  and  reaching  up  to  tbe  summit  of  the  ridge 
separating  Airedale  and  Calderdale  at  VVibsey  Bank  Foot  The  drift-filled  valley 
seen  in  section  near  Low  Moor  Station  points  to  the  conclusion  tbot,attheextreir~ 
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phase,  a  It  le  of  ice  actuaUj  stood  over  the  broad  depresuon  in  tbe  waterabed  there, 
and  smeaitd  over  the  low  slope  a  thin  cover  of  boulder  claj  which  entirely  obli* 
t«rated  the  pre-existing-  minor  surfxce  features. 

The  presence  of  drift  brioffs  the  ice-ed;^  far  up  the  slope  as  we  follow  the 
watershed  round  past  Bowling  to  I.aiaterdyie,  where  the  ice  laid  down  in  a  hollow 
in  the  solid  rock,  outside  the  Bradford  Vollej,  a  mas^  of  clay  70  feet  in  thickness. 
The  countiy  east  of  Tjeraal  is  drifdess,  but  the  ice  passed  over  the  ridf^e  trom 
UoderclilTe  to  Wroae  Hill,  boulder  clay  occurriDg-  on  the  top  of  Stonehall  Hill, 
Eccleshill,  at  an  altitude  of  700fuet,  and  also  all  along  the  naatem  slope  of  the  ridge. 
The  altitude  gradually  drops  as  far  as  Newlay,  where  a  mass  of  (navel  30  feet 
thick  occurs  at  300  feet  O.D.,  and  75  feet  above  the  level  of  the  nrer.  All  the 
pebbles  are  rounded,  and  though  Hmeatonea  are  numerous,  they  are  small  in  size, 
rarely  exceeding  four  inches  in  diameter.  This  grHvel  marks  thelast  definite  trace 
that  we  have  found  in  .Airedale  of  the  Airedale  ice. 

From  similar  evidence  to  that  which  we  have  adduced  in  the  case  of  Airedale, 
wa  conclude  thnt  there  was  a  glacier  in  Wharfedale  which  was  confluent  with  the 
Airedale  Glacier  to  the  N.W.,  and  also  to  the  S.E.  of  Rumbles  Moor,  leaving 
only  its  highest  ridge  uncovered  as  a  '  nunatak.'  The  limiting  altitude  of  the  ice 
on  the  west  is  1,250  feet,  sink'ing  gradually  to  about  1,100  feet  on  the  east.  The 
configuratioD  of  the  country,  and  the  presence  of  a  series  of  drift  ridges  running 
continuously  from  WharfetSale  on  the  N.W.  to  Airedale  on  the  S.E.,  lead  us  to 
believe  that  llie  Wharfedale  Glacier  pushed  in  as  far  as  Guiseley,  the  onset  of  the 
Airedale  Glacier  havinir  been  considerably  weakened  here  by  its  passage  over 
Hope  Hill  and  the  high  ground  between  llope  Hill  and  Rumbles  Moor.  The 
outermost  of  thfse  tidges  consists  largely  of  gravel  contaiuiug  limestones,  and  runs 
from  Lanshaw  Delves,  on  Ilkley  Moor,  to  Hawfasworth. 

Over  the  di-tricta  of  Quiseley,  Yeadon,  and  Horsforth,  drift  occuw  qmradic- 
ally,  and  we  have  been  unable  to  draw  a  boundary  Hue  between  the  Airedale  and 
the  Wharfedale  ice  in  this  region. 

The  striie  indicate  a  general  ice-movement  from  the  N.W.  Those  which  we 
have  observed  at  higher  levels  are  more  strictly  pai'allel  to  this  general  direction, 
whilst  the  others  more  nearly  conform  with  the  trend  of  the  particular  part  of  the 
valley  in  which  they  occur,  A  greater  freedom  of  movement  would  be  expected 
in  the  upper  layers  of  a  glacier  tlian  in  the  lower  layers,  which  must  mould  them- 
selvee  to  the  inequalities  of  the  glacier  bed. 

The  whole  area,  within  the  limits  traced  out  above,  displays  abundant 
evidences  of  the  characteristic  remains  of  a  glacier.  From  Apperley  Bridge 
upwards  the  lower  portion  of  the  main  valley  is  full  of  moraine  mounds  left  behind 
during  the  retreat  of  the  ice.  The  best  examples  are  at  Tong  Park,  near  Bsholt; 
Nab  Wood,  near  Saltaire ;  and  Bingley. 

4.  The  Extra-Glacial  Drainage. 

Every  embayment  in  the  unglnciated  area — at  the  edge  of  the  ice  at  its 
greatest  exti^nsinn,  and  during  the  various  phases  of  retreit^ would,  by  receiving 
the  natural  drainage,  be  converted  temporarily  into  a  Jake.  The  level  of  each 
lake  would  be  determined  by  the  height  of  the  ice-barrier  and  of  the  watershed 
around  tlie  mnrpin  of  the  lake.  The  height  of  the  ice-barrier  becomes  gradually 
lower  from  N.W.  to  S.E.,  ond  hence  we  should  expect  the  level  of  each  suoceeding 
lake  at  some  particular  phase  to  be  lower  than  Ihat  of  the  lake  preceding  it  to 
the  N.W.,  so  long  as  the  drainage  water  is  confined  on  that  side  of  the  main 
watershed  proximal  to  the  ice. 

We  should  therefore  expect  an  overflow  of  tbe  waters  of  each  lake,  by  ths 
lowest  point  in  ils  margin,  into  tbe  succeeding  lake  at  the  jwriod  of  greatest  exten- 
sion of  the  ice  and  at  every  other  temporary  stationary  period  during  the  general 


The  peculiar  spur-cutting  valleys  above  mentioned  w 
the  overflow -channels  of  soch  lakea.     Typically,  they  a 

sided  grooves  passing  completely  through  the  waterahea,  cuarwnflrH  iiiiu»>i'« 
rapid  cutting  by  considerable  volumes  of  water.    They  often  end  quite  suddenly 
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on  botli  slopes  of  the  w&tenhed  through  which  they  are  cut,  with  no  nppronch  to 
baae-leTelliug  to  the  ezutiiig  Btreanu.  The;  all  slope  from  the  west  or  north-west 
in  an  easteriT  or  south-OBsterlT  direction,  their  lower  teriniiiRtioii«  being  often 
marked  hy  level  or  genti;  eloping  fans  of  detritus.  The  altitude  of  such  an 
aUnvial  flat  corresponds  witii  that  of  the  head  of  a  similar  valley  on  the  next  spur 
to  the  louth-esst.  The  very  temporary  nature  of  the  snrrsce  levels  of  tlie  lakes, 
as  attested  by  the  rapidity  with  which  the  gorges  wete  cut,  Tenders  the  produc- 
tion of  beaches  similar  to  those  observable  in  Olen  Boy  and  neighbourhood  very 
unlikely.  We  have  sot  found  any  but  doubtful  examples;  the  detection  of  such 
minor  features  in  a  country  consisting  of  nearly  liorizontal  beds  of  hard  snndstone 
and  soft  shale  must  ever  be  a  matter  of  extreme  difficulty. 

A  list  was  brought  forward  of  over  forty  overflow -channels  with  their  altitudes, 
which  mark  the  successive  levels  of  the  surCace-waters  of  the  lakes.     During  the  ' 
maximum  glaciation  there  were  six  lakes  on  the  south  side.     Those  on  the  north 
ude  were  only  in  existence  during  retreat. 

The  authors  desire  to  thank  Mr.  P.  F.  EendaU,  P.G.S.,  for  much  valuable 
advice  in  connection  with  the  extra-glacial  drainage  systems. 


6.  The  Sowce  and  Distribution  of  the  far-lraveUed  SouMers  of  EiMt 
Yorkahire.    By  J.  W.  Stather,  F.G.S. 

About  ten  years  ago  Mr,  G.  W,  Lamplugh  counted  and  roughly  classified  the 
larger  boulders  of  Flamborough  Head  and  other  selected  localities  on  the  York- 
^ire  coast.  The  work  has  been  continued  by  the  members  of  the  Hull  Geological 
Society,  who  have  ex-imined  and  tabulated  upwards  of  3,600  boulders  of  12  inches 
and  upwards  in  diameter  (the  size-limit  adopted  by  Mr.  Lamplugh), 

But  besides  the  larger  boulders  attention  has  been  paid  to  the  smaller  stones 
of  the  drift,  which  have  also  yielded  results  of  much  interest. 

With  regard  to  the  larger  bouldem  (lists  of  which  have  been  published  in  the 
reports  of  iDe  Yorkshire  Boulder  Committee  and  of  the  British  Association 
Committee)  it  has  been  sought  to  discover  the  proportion  of  rocks  from  distant 
sources,  after  the  elimination  of  the  secondary  rocks  of  local  derivation. 

The  following  table,  showing  the  boulders  of  two  selected  localities  in  the 
southern  part  of  the  Yorkshire  coast  and  two  in  the  northern  pert,  will  serve  to 
illustrate  the  general  distribution : — 


- 

Dimiiog- 

ton 

North 

■Whitby 

Sidtbnm 

Oarbonlfetons  sandstones  and  1 
limestones            ...      J 
Baiialt  (whln-siU)   .        ,        .        , 
Granite,  gneies,  kc.         ... 
Slagneslan  limestone      . 

par  cant. 
65 
82 

18 

percent. 

eg 
so 
11 

per  cent. 
70 
24 

1 
5 

percent 
73 
20 
0 

100 

100 

100               100         1 

The  investigation  shows — (1)  Theproportion  of  Carboniferous  sandstones  and 

limestones  increases  northward.  (2)  The  whin-sill  increases  southward  proportion- 
ately though  not  numerically,  probably  bearing  transport  better  than  (1).  (8)  The 
magnesian  limestone  in  the  form  of  large  boulders  disappears  southwsjd.  (4)  The 
granites,  gneisses,  &c.,  decrease  both  proportionately  and  in  numbers  northward, 
except  the  Shap  granite  and  the  Cheviot  pnrphyrites,  which  show  a  rapid 
'n  the  same  direction.  A  considerable  number  of  (4)  agree  with  well- 
ck  types  of  Scandinavia,  and  these  are  more  plentiful  in  the  south  of  the 
id  in  Lincolnshire  than  in  North  Yorkshire.  The  unknown  rock  types 
b  the  same  group  agree  in  this  respect  with  these  recognisable  Scandi- 
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nailui  roe\i»,  Which  bears  out  Mr.  Harker's  suggeation  that  the  rocka  not  identified 
ue  also  from  Scandiaavia. 

The  diatribatioD  of  tba  Cheriot  porpiiTTitefl,  whicb  occur  principally  sa  stonea 
and  pebbles  of  amalier  dimeasiona  than  the  boulders  of  the  above  table,  preaenta 
some  pointa  of  peculiar  interest.  These,  beaidea  increaunf^  in  numbers  towards 
their  source,  are  alao  more  abundant  in  the  upper  boulder  days  and  in  the  gmvels 
St  the  highest  levels  than  in  the  low-level  drift ;  while,  on  the  other  hand,  the 
Scandinavian  rocks,  whether  oa  pebbles  or  bonlden,  rarely  occur  at  high  levels. 
This  lends  support  to  Mr,  LampluKh's  auppoaition  that  the  North  Sea  ice-aheet 
attained  ita  maximum  development  and  reached  farthest  inland  before  the  ice 
flowing  from  the  north-west  oi  Eng-land  bad  reached  thia  portion  of  the  coast,  and 
that  the  former  flow  shrank  back  as  the  latter  gained  strength. 


7.  On  the  Glacial  Phenomena  of  Ihe  Narth-eaat  Comer  of  the 
TorMiire  Woldi.    By  J.  W.  Statheh,  F.G.S. 

The  rapid  thinning  awnj  of  the  Drift  inland  from  the  Yorkshire  coast  has  Ion; 
been  recognised  and  variously  explained.  The  phenomena  abng  the  margin 
where  it  thus  thins  away  on  the  high  ground  are  worthy  of  particular  attenti^in. 

North-westward  from  Speeton,  where  the  drift  terminates  in  a  chain  oi  mominic 
mounds,  the  top  of  the  chalk  escarpment  ig  more  or  less  covered  with  drift  as  far 
aa  Hunmanby,  where  a  deep  valley,  now  dry,  breaks  through  the  escarpment,  and 
druns  inward  to  the  central  valley  of  the  Wolds.  Into  the  valley  at  Hunmanby 
the  drift  penetrates  for  a  considerable  distance,  in  tbe  form  of  boulder  ctay  on  the 
slopes,  and  gravel  containing  many  foreign  stones  in  the  bottom.  Tbe  boulder 
clay  thins  out  long  before  we  reach  the  main  valley,  bnt  the  gravel  with  foreign 
■tones  intennixed  with  local  material  is  present  in  strong  force  in  the  bottom  of 
the  mun  valley,  and  it  is  suggests  that  a  stream  draining  from  the  ice  has  flowed 
from  HunmanDy  along  this  course.  In  the  higher  parts  of  the  main  valley,  above 
'Weaverthorpe,  foreii^  material  is  almost  absent,  except  that  near  the  head  of  tbe 
valley,  near  Luton,  there  is  a  patch  of  drift  frfiown  on  the  Geological  Survey  map) 
in  which  are  foreign  stones,  derived  chiefly  if  not  wbolly  from  the  oolitic  rocka, 
quite  different  from  the  drift  in  the  lower  part  of  the  valley. 

North  of  Hunmanby,  at  the  sharp  angle  of  tbe  Woldr,  the  boulder  clay  agsia 
rises  to  the  crest  of  the  escarpment  in  the  form  of  a  thin  covering  which  fades  out 
gradually  westward  into  a  aprinkling  of  foreign  stones  in  the  soil.  The  stones 
occur  abundantly  at  an  altitude  of  400  feet  above  sea  level  at  High  Fordon  and 
include  a  large  number  of  Cheviot  porphyrites,  which  here  as  elsewhere  further 
e  most  abundant  at  tbe  highest  levels,  near  the  margin  of  tbe  Drift. 


To  explfdn  these  phenomena  it  seems  necessary  tn  suppose  the  eiiatence  of  an 
ice-sheet  occupying  the  bed  of  tbe  North  Sea,  wjlh  its  mai^in  only  slightly  over- 
topping tbe  ^^'olde  and  not  extending  far  across  tbem.  It  also  appeaia,  as  stated 
in  a  preceding  paper,  that  the  ice  carrying  the  Ciieviot  rocka  formed  the  nppermost 
portion  of  the  sneet. 


a.  On  the  Age  of  the  Raieed  Beach  of  Southern  Britain  a»  leen  in  Gotoer. 

By  a.  H.  TiDDEMAW,  Af.A.,  F.G.S.,  H.M.  Geological  Survey. 

[Communicated  with  the  permission  of  tbe  Director-Oeneral.] 

Gower  baa  a  reputation  for  ita  caves  with  their  bone-beda,  and  for  its  raised 

beaches,  but  to  the  matter  of  ile  Glacial  Drifts  very  little  attention  has  been  paid. 

Some  of  the  caves  were  known  to  and  noted  by  Bean  Buckland.*    The  cavet 

were  long  and  diligently  explored  by  Colonel  Wood  of  Stout  Hall,  and  tbe  results 

carefully  collated  by  Dr.  Fuconer,'    A  great  number  of  the  bones  are  exhibited  in 

the  Swansea  Museum.    Mr.  Starling  Benson,  who  lived  at  Swansea,  has  left  an 

,  V,  Google 
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account  of  fiaoon  Hole,  and  Dr,  Falconer  haa  incidentallj  alluded  to  other  uvea 
in  describing  the  animal  remaiDs. 

Theaa  three  observora  noted  the  fact  that  the  cave  fauna,  vbioh  included 
Hyana,  Eiephat  antiquut,  and  Rhituicgroa  hanitaxkia,  was  fouiid  in  bone-beda  in 
the  shore  caTerns  and  rested  on  or  above  a  cemeoted  ahdly  conglomerate,  which 
was  eTidently  a  raised  beach,  for  it  formed  a  floor  across  the  cave  at  from  10  to 
SO  feet  above  the  level  of  the  present  beach.  This  conglomerate  was  found  to 
contain  sheila  which  could  not  be  distioguJEhed  from  those  of  the  litoral  zone  on 
the  pTeaent  beach. 

It  was  Tecognised  that  the  beach  must  have  been  made  when  the  sea  waa  at 
that  higher  level,  and  that  the  bones  couldnot  have  been  accumulated  until  the  coast 
had  been  raised  above  the  old  beach-level.  But  the  further  reasoning,  which  wan 
chiefly  concerned  with  the  age  of  the  bones,  was  that,  the  beach  being  evidently 
rather  recent,  the  bones  must  be  more  recent,  Falconer  did  not  sppear  quite  con- 
tent with  this,  and  called  in  Frestwich  to  assist  in  finding  out  what  relation,  il 
any,  the  bone-deposits  and  raised  beach  bore  to  the  Glacial  deposits. 

Frestwich  appears  to  have  worked  from  the  west  along  the  coast  to  Bacon 
Hole,  but  not  to  the  east,  lie  reported :  '  Witn  respect  to  the  point  1  bad  particu- 
larly in  view,  viz  the  relation  of  die  Gower  cavea  to  the  Boulder  Clay,  1  am  as  yet 
unable  to  form  a  decided  opinion.  1  got  ihti  Ijoulder  Clay  within  a  mile  of  the  raised 
beach,  but  on  opposite  sides  of  the  I'oint  of  Khos-tili  the  subject  requires  further 
and  mora  lengthened  inijuiry.'     On  this  Falconer  summed  up  as  follows  :^ 

1.  That  the  Gower  caves  have  probably  been  filled  up  with  mammalian 
remains  since  the  deposilion  of  the  Boulder  Clay. 

2.  That  there  are  no  mammalian  remains  found  elsewhere  in  the  ossiferous 
caves  of  Britain  referable  to  a  fauna  of  a  more  ancient  geological  date. 

It  is  very  singular  how  near  these  two  eminent  men  were  to  making  a  dis- 
covery which  they  were  even.  looking  for.  To  the  east  of  the  rich  colony  of  caves 
between  Minchin  Hole  and  Bacon  Hole,  at  which  they  were  specLilly  working,  the 
Drift-beds  come  on  in  force,  and  the  succession  wliich  they  were  looking  for  might 
have  been  very  well  seen. 

It  is  true  that  the  proper  Euccession  was  gradually  hammered  out  by  explora- 
tions' in  other  placea  oy  the  Victoria  Cave  Exploration  Committee,  by  the  Ute 
Dr.  Hicks  in  the  caves  of  North  Wales,  and  at  a  later  date  by  the  Itev.  C.  H. 
Follen,  but  their  reaearcbES  and  the  facta  evolved  by  them  received  a  long  and 
wetl-suatained  fire  of  hostile  criticism  which  has  not  long  come  to  an  end. 

The  survey  of  Gower  has  now  established,  I  think  I  may  aay,  incontestably: — 

1.  That  the  raised  beach  is  Fre-  or  Interglacial. 

S.  That  the  hone-beds  which  rest  upon  it  in  the  caves  are  continuous  with  the 
earlier  '  head '  or  dfihria  vhich  lies  above  it  along  the  coast,  and  which  consists  of 
limestone  fragments, 

S.  That  Glacial  Drift  again  lies  over  this. 

4.  This  in  turn  is  often  covered  by  a  later  deposit  of '  head.* 

Frequently,  immediately  above  the  raised  beach  is  a  deposit  of  sand  which  is 
probably  blown  sand.  It  containe  in  places  land-snails  which  are  abundant  on  the 
blown  Rtnds  of  Olamorgaosbire.  It  is  of  a  foxy-red  colour,  and  its  lower  part  is 
often  cemented  together  into  calcareous  concretions  containing  little  nodules  of 
manganese  and  iron.  This  sand  is  interesting  in  this  way,  that  it  is  seen  in  many 
places  where  sand  could  not  blow  now.  The  upheaval  of  the  coast  implied  by  the 
raised  beach  would  necessarily  subject  a  wide  fringe  of  foreshore  to  the  action  of 
sun  and  wind,  and  the  blown  sand  would  nault.  It  is  just  where  we  might  reason' 
ably  expect  it. 

The  section  is  not  always  complete.  Sometimes  the  Drift  is  absent,  sometimes 
it  rests  on  rock,  sotnetimes  one  member  is  absent,  sometimes  another,  but  this 
represents  the  succession  in  which  they  always  occur  when  present.  It  is  astonish- 
ing how  very  regular  they  are,  considering  the  steep  irregularity  of  the  cliffs  (tnd 
coasts. 
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It  will  of  course  be  suggetted  that  the  Drift  may  have  slipped  down  from  tbe 
cUfis  ftboTS  OD  to  the  'head.'  This  hjrpotheaia  is  fairly  negatiTed  by  the  veij 
Htrone  contrast  in  material  between  the '  bead  '  and  the  overlying  Drift.  The  latter 
is  full  of  rounded  stones  of  Carboniferoae  Bandatone  and  Old  Red  pebbles  and  fng- 
ments,  with  scarcely  a  trace  of  limestone,  whilst  on  the  contrary  the  underlying 
debris  contains  nathing  but  fragments  of  limestone.  The  chanee  is  eicaedingly 
sudden,  and  forbids  the  possibility  of  the  Drifts  resting  on  the  clifis  for  long  pre- 
vionslj  and  later  slipping  down  on  to  the  debris.  Scattered  boulders  -would 
certainly  huve  occurrwl  in  the  dfibris 

The  Drift,  is  evidently  tlie  ordinary  Glacial  Drift  of  Glamorganshire,  such  as 
abounds  furthor  to  the  north-east,  nor  can  we  doubt  that  it  is  about  the  same  age 
as  that  which  sealed  up  in  the  Victoria  Cave  at  Settle,  and  other  caves,  the  fauna 
'which  has  been  so  abundant  in  the  caves  of  Gower,  a  fauna  which  if  not  Pre- 
glacial  was  certjunty  Intergladal. 

On  the  other  hand,  the  discovery  of  the  antiquity  of  the  rused  beach,  which 
does  not  appear  to  have  been  eT>D  hinted  at,  is  one  which,  &jm  the  wide  range  of 
that  phyeical  feature,  must  necpssarily  be  of  importance.  It  will  asust  in  building 
up  the  relations  of  late  formations  to  the  Gladal  Period  into  a  consecntiTe  ^Bt«ro 
and  establish  relations  with  other  succeesions  in  lands  to  which  Olarial  phenmnoia 
have  not  extended. 


n  t!i«  Erratic  Blocks  of  the  Britiih  Islet. 
See  Reports,  p.  343. 


10.  A  Ferriferoui  Borieon  in  the  Sttronian,  North  of  Laie  Superior, 

By  ProfpMor  A,  P.  Coleman. 
The  Huronian  of  Ontario  has  long  attracted  attention  for  its  geological  interest, 
and  also  because  it  is  much  the  moat  imporlant  formation  in  the  Province  for  its 
economic  products,  most  of  the  mines  oi  gold,  copper,  nickel,  and  iron  occnrring 
in  it.  There  has,  however,  been  much  difficulty  in  correlatiug  the  different  areas 
mapped  as  Huronian,  and  doubts  have  been  ezprcsaed  as  to  their  being  of  the 
same  age.  The  finding,  a  year  ago,  of  a  band  of  iron-bearing  sandstone  and 
iasper  in  the  Michipicoton  district,  north-east  of  Lake  Superior,  has  thrown  fresh 
light  on  the  subject.  This  band  has  already  been  traced  sixty  miles,  and  very 
similar  rocks  have  been  proved  to  exist  at  various  points  for  a  distance  of  600 
miles,  prscticftlly  from  one  end  of  the  Province  to  the  other.  Not  far  off  from 
this  bftnd  there  are  very  often  thick  beds  of  schist  conglomerate  containing  pebbles 
of  the  ferriferous  rock,  indicatmg  a  profound  break  between  upper  and  lower 
Huronian.  These  two  easily  recognised  boritons  occur  in  practically  all  the 
Huronian  areas  of  Ontario,  and  sfTord  an  excellent  due  to  the  stratigraphy.  Their 
equivalents  are  probably  found  in  the  Vermilion  iron  range  of  Minnesota  and  the 
Uarkette  and  Penokee  ranges  in  States  to  the  south  of  Lake  Superior,  containing 
the  most  famoui  iron  mines  in  America.  One  similar  mine  has  been  found  at 
MicbipicotOR,  estimated  to  contain  at  least  15,000,OCO  tons  of  high-grade  hematite ; 
and  there  are  indications  of  other  ore  deposits  on  the  same  range.  The  recent 
discoveries  promise,  therefore,  to  be  of  great  economic  importance,  as  well  as  of 
much  interest  in  solving  some  tangled  problems  in  connection  with  the  oldest 
formation  in  Canada. 


U.  Fiivd  Seport  on  tlie  Pleistocene  Beit  of  Canada. 
See  Reports,  p.  328. 
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12.  Glaeiai  Notee  tU  Rhyd-ddu,  Carnarvon. 
By  J.  R.  Dakynb,  M.A. 

Terminal  Curvature. 

Near  Rhjd-ddu  (clocial  atrire  are  to  be  seen  at  the  followioK  places,  to  wit : 
near  the  lailiraj'  Btation,  at  about  327  feet  above  tbe  sea,  nuniiift  N.  30°  W. ;  near 
RhoH-clogwjn  date  quarry,  at  900  feet,  running  N.  50°  W, ;  and  near  tbe  |iath  to 
Snowdon  at  1,S00  feet  above  sea  level,  runninR  N.  50°  W.  These  etrie  indicate  a 
general  motion  of  ice  down  tbe  valley  of  the  Giirfai  in  which  Llvo  Owellyn  liea. 

Oa  tbe  west  aide  of  Llyn-y-Oader  (out  of  nbicb  tbe  Oarrai  flows),  not  much 
above  the  level  of  the  lake,  there  is  an  old  slate  quarry  in  ground  sloping  gentlv 
to  the  north-east,  in  which  the  planes  of  slaty  cleavage,  striking  north-east  and 
dipping  north-weat,  have  their  weathered  edges  bent  over  towards  tbe  north-west, 
Ae  this  eoincides  with  the  direction  of  ice-flow  indicated  by  the  strise  mentioned 
above,  it  is  but-  natural  to  suppose  thiit  tbe  bending  over  was  caused  by  the  ice 
moving  towards  tbe  north-nest-. 

But  at  quarries  in  the  neighbourhood  the  cleavof^  planes  have  not  been  bent  over; 
they  have  not  beett  so  alfect«d  at  the  lilioa-clogwyn  qoarry,  near  which  stri» 
were  observed,  nor  at  the  Owm  y  Llan  quarries  ;  nor  at  two  other  old  quarries 
distant  only  a  hundred  yards  from  that  exhibiting  tbe  curvature,  but  on  higher 
ground. 

It  is  therefore  clear  that  tbe  moving  object  which  bent  over  the  cleavage 
planes  must  have  been  conJiTied  to  the  very  bottom  of  the  valley.  The  observed 
phenomenon  could  not  have  been  ca'isad  by  the  glacier,  whose  stiiie  are  to  be  seen 
on  the  rocks  up  to  at  least  1,200  feet  above  sea  level. 

Till. 
In  some  parts  of  tbe  batin  of  the  river  Colwyn  a  stratified  sl«ny  clay  exists  in 
which  the  included  stones  sre  all  lying  flat.  In  one  section  this  till  is  seen  to 
consist  of  three  perfectly  distinct  divisions.  It  seems  to  me  to  he  obviously  of  a 
aedimentHry  origin,  let  down  (a^er  the  manner  suggested  by  Mr.  Goodchild)  as  a 
frozen  mass  of  mud,  stones,  and  ice  gradually  melted. 


WEDIfeSDAY,  SEPTEMBER  12. 
The  following  Papers  and  Reports  were  read  -.-^ 

1.  Beach  Formation  in  the  Tliirlmere  Reaereoir. 
By  R.  D.  Oldha¥,  GeoloffKal  Survey  of  India. 
Headers  of  Mr.  Marr's  book  on  the  '  Scientific  Study  of  Scenery '  will  recall  the 
contraat  drawn  between  tbe  irr^^lar  and  angular  outline  of  tbe  Tliirlmere  Lake 
reservoir,  due  to  tbe  submergence  of  a  land  surfnce  shnped  by  subai;risi  denudation, 
u  contrasted  with  the  mora  gracefully  curved  outline  of  the  natural  lakes,  where 
wind,  waves,  and  stroams  have  combined  to  round  off  the  angiUarities  by  wearing 
away  the  prominences  and  filling  up  the  re-entering  anglps.  This  reproach  eeems 
to  the  author  to  be  somewhat  exaggerated,  as  the  ehore  lines  of  the  Cumberland 
Lakes  have  only  been  partially  remodelled  by  wave  action  and  delta  formation, 
and  the  original  outlines  due  to  simple  submergence  are  still  to  be  leen.  However 
this  may  he,  tbe  reproach,  such  as  it  is,  is  in  process  of  removal.  All  along  the 
shore  of  the  Thirlmere  Lake  incipient;  beach  erosion  is  to  be  seen,  and  towards  the 
northern  end  of  tbe  lake,  where  the  shores  close  in  and  are  exposed  to  the  force  of 
tbe  waves  driven  along  tho  length  of  the  lake  by  the  prevailing  southerly  winds, 
typical  biochea  and  beach  curves  are  being  developed.  Lantern  slides  showing  the 
■s  yet  incompleted  transition  {mm  the  irregular  outlines  produced  by  submergence 


to  the  reitulitr  curves  of  beach  fonnatlon  vere  eibibited  nod  attention  drawn  to 
this  interestiDg  opportunity  of  wJUiessuig  the  gradual  formation  and  growth  of  a 

2.  The  Basal  {Carboniferous)  Conglomerate  of  Ullstoater  and  ilt  Mods  of 
Origin.     By  R,  D,  Oldiiau,  Geological  Survey  of  India. 

On  the  western  shore  of  UllGwater,  near  its  lower  end,  a  good  section  has 
recently  been  exposed  of  the  basal  conglomerate?,  rnriousl;  ascribed  to  Old  Red  or 
lowermost  Cnrboaiferous  age.  Tliis  conglomerate  has  been  considered  ns  (^Incial  in 
its  origin,  but  does  not  appear  to  the  author  to  present  nnj  true  glocisl  character- 
iatica.  It  contains  angular  and  eubangular  blochs  of  all  si^te?,  which  are  not 
Mattered  iodiscriminately,  but  are  arranged  with  a  distinct,  though  obscure, 
banding.  In  the  admixture  of  blocks  of  all  sizen  and  the  absence  of  rounded 
boulders,  it  differs  Irom  the  known  river  deposits  of  temperate  climes,  and  more 
closely  resembles  the  accumulations  of  debris  which  result  troni  cloud-bursls  than 
HCj  other  form  of  deposit  which  can  be  observed  io  the  British  Isks  at  the  present 
daj'.  The  conglomerate  cannot,  however,  be  reasonably  attributed  to  any  such 
local  deposits ;  its  true  analogua  must  be  looked  for  in  the  dry  regions  of  Western 
and  Central  Awa,  where  all  rainfall  rushes  off  the  bare  hills,  producing  an  effect 
very  like  that  of  a  cloud-burst  in  our  owu  climate,  and  causing  a  mix'Hl  mass  of 
water,  silt,  and  s'ones  to  rush  down  the  river  channels,  which  are  dry  or  carry  only 
a  feeble  stream  in  ordinary  times.  This  muss  of  material  is  c&rried  out  from  the 
hills,  and  forms  a  deposit  with  a  gently  sloping  surfuce  extending  for  miles  into 
the  open  country.  Carri«d  along  in  this  manner  the  rock  fragments  da  not 
undergo  the  rounding  which  they  suffer  in  a  more  permanent  torrent,  and  are 
deposited,  on  the  Budden  Bub«dence  of  the  flood,  in  a  mixed  mass  of  fragments  of 
all  sizes.  The  sections  exposed  along  the  roadside  near  the  foot  of  Ullswater  not 
only  exhibit  a  rude  banding,  due  to  the  action  of  successive  floods,  but  also  show 
patchee  of  current^bedded,  hne. grained,  gravelly  material,  representing  the  action 
of  the  feebler  stream  which  continued  after  the  passage  of  the  flood. 

The  conclusion  drawn  is  that  the  conglomerate  is  a  torrential  deposit,  formed 
on  dry  land,  near  the  foot  of  a  raoge  of  hills,  in  a  generally  dry  climate,  varied  by 
seasonal  or  periodical  bursts  of  rain.  The  red  cobur  of  the  tine-Krained  material 
suggests  tropical  or  aub-tropical  couJitions,  us  the  formation  of  red  soils  is  at  the 
present  dny  much  more  common  in  tropical  than  in  temperate  regions  to  such  a 
degree  that  it  may  almost  be  regarded  as  characteristic  of  a  hot  climate. 


3.  Bepoi-t  on  Photographs  of  Geological  Interest.—  See  Reports,  p.  350. 


4.  Sections  at  Hie  Alexandra  Dock  Extension,  Hull.     By  W.  H.  Chopts. 

lliese  works  situated  immediately  to  tbe  east  of  the  AlezaDdra  Dock,  and 
covering  about  seven  acres,  necessitated  the  eicavation  of  earth  m  st(u  to  a  depth 
of  about  ^  feet  over  a  great  part  of  this  area,  the  trenches  being  eight  or  twelve 
feet  deeper.     The  formations  exhibited  are  glacial  and  post-glacial. 

There  is  evidence  of  a  basin  in  chalk  corresponding  with  the  valley  of  (he  river 
Hull,  the  top  of  the  chalk  on  the  east  side  of  the  valley  being  in  placea  higher 
than  in  the  bed  of  the  river. 

Tbe  glacial  deposits  reach  from  the  sea  on  the  east  up  the  slope  of  the  Wolds 
on  the  west:  these  beds  are  depressed  in  the  neighbourhood  of  Hull;  this  depres- 
sion is  filled  in  with  warp. 

The  Humber  warp  to  the  CTtent  of  upwards  of  twelve  feet  covered  the  whole 
area  of  the  works ;  below  this  over  a  greater  part  of  this  area  a  peot  and  clay  bod 
exists,  vaiying  from  one  inch  to  three  feet  in  thickness,  resting  on  glacial  beds  of 
a  varied  character  vrhich  borings  show  to  be  about  sixty  feet  thick,  with  angular 
chalk  and  flint  gravel  between  them  and  the  solid  chalk. 
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The  deepest  port  of  the  wall  treocliea  was  about  forty  feet,  but  the  geoerol 
depth  WM  thirty  to  thirty-four  feet  below  OJ). 

The  trench  of  the  eastom  wall  showed  the  following  section  at  the  south  end. 

Ft.  In, 

Laminated  Warp 13    0 

Shell  Bed 0    3 

BUt 16 

Shell  Bed 10 

Glacial  Oiavela 110 

Compact  Bonldei  CLiy ..30 

Towards  the  north  the  surface  of  the  Boulder  Clay  rises,  a  bed  of  atoneless  red 
cldy  intrudes  in  the  apper  portiou  of  the  grarela,  a  peat  bed  makes  its  appearanco, 
one  of  the  shell  beds  disappears,  and  the  toe  of  a  sandy  balk  is  introduced  under 
the  warp.  At  the  north  end  of  this  trench  there  are  two  beds  of  Boulder  Clay 
eepamted  by  grsvels,  the  red  clay  having  diMppeai«d ;  otherwise  the  sectian  is 
similar  to  that  last  described. 

The  Bhell  bed  contained  Cardium  ediile,  TelUna  solidule,  Scrobiculiiria 
pipt>rat«,  Utriculus  obtusus,  Rissoa  ulva,  littorina  rudis,  L.  obtusata,  Mytilus 
edulis,  Pholas  Candida,  and  Nassa  incrassata,  the  latier  five  being  new  records 
for  this  bed.  • 

The  large  number  of  very  young  specimens  and  both  valves  being  often  intact 
indicate  but  a  short  journ<^y  and  beach-like  conditions. 

The  surface  nf  the  clay  and  peat  bed  wu  level  and  undisturbed,  except  that 
the  smaller  shells  of  the  shell  bud  above  penetrated  into  numerous  crack-like 
crevices,  and  ^emed  to  indicate  thnt  the  clay  bad  been  eiposed  and  sun-dried  before 
the  waters  of  the  estuary  formed  their  shell  beach. 

The  shell  bed  underlyinir  the  warp  and  the  raetliod  of  depowtion  of  the  warp 
appear  to  sujrgest  that,  wUethiT  the  tiay  below  was  deposited  under  conditions  due 
to  subsidence,  suddeu  or  rapid,  or  not,  a  gradual  subsidence  took  place  during 
the  depusition  of  the  warp. 

In  the  clay  and  peat  bed  there  were  stumps  of  treea,  including  oak  (Quercua 
peduncuiata),  witb  the  roots  extendin;i  several  feet  into  the  glacial  beds  below ; 
a  number  of  perfect  cherries  (l*runus  Padus)  were  found,  the  quantity  and  con- 
dition of  which  may  su^cgest  that  the  tr^es  were  benring  fruit  at  the  time  of  the 
first  inundation ;  a  few  pieces  of  charcoal  grouped  together  were  also  found  in  this 
bed.  but,  careful  search  revealed  nothing  that  coutd  be  attributed  to  human  a^ncy. 

Note.— I'pper  Shell  Bed  and  top  of  Clay  and  Peat  Bed,  about  la  ft.  below 
(>.1>. ;  Ilieh  Water  ordinary  Sprinir  Tides,  about  12 ft.  above  O.D. ;  Low  Water 
ordinary  Spring  Tides,  about  10  ft.  below  O.D. 


6.  The  Jwrasaie  Flora  of  East  Yorkshire.     By  A.  C.  Seward,  F.R.S. 

Tlie  plant-beds  e.-iposed  in  the  clilT  sections  of  the  Yorkshire  coast  have 
anbntcd  unusually  rich  data  towards  a  restoration  of  the  characteristics  and  com- 
position of  Qcertain  facieaof  Mesozoic  vegetation.  Rich  collections  of  plants  from 
Uristhorpe  Bay  and  other  well-known  localities  are  found  in  the  British  Museum, 
also  in  the  Museums  of  Scarborough,  Whitby,  Cambridire,  Oxford,  Manchester, 
York.  Newcastle.  Leeda,  and  elsewhere.  The  Natural  History  Museum,  Paris, 
contains  several  important  Yorkshire  plants,  some  of  which  have  been  described 
by  Bmngniart  and  Saporta.  The  following  species  have  been  recognised  from  the 
East  Yorkshire  area: — 

MafchantiUa  ertclui  (Leek,,  ex  Bi^an,  ^S.);  Ejuimtitei  colavmarlf,  Brongn. ; 
EquitetiUs  Bfani  (Bunb.) ;  Liicopoditfs  fulcatat,  L.  &  II. ;  Ciad'-phldtU  denticu- 
lata  (BroDgn.) ;  C.  kaiburnenau  (L.  <&  H.) ;  C.  IMfolia  (Fhill.) ;  Cuiuopteria  argula 
(L.  &II.);  C.  hymenopkylloides  (Brongn.);  C.  $>Wn;iie^uAa  (Phill.) ;  Dtetyopki/l' 
(umruvofuni,  L.  &  H.j  Klu}daexitU(fi)a\],)\  Zaccoplerit  polypodioidef(Broa(pi.); 
L.  JVoodtoardi  (Leek.) ;  JIalonidium  Goeji/ierti  (Ltt.) ;  I'aehi/p'fiia  /aneeolata, 
BiODgQ.;  Muffbrdia  Gorpptrli  (Dank.'}  i  S«gena^tiJ-it  I'Ailli'jui  (Brougu.)j   f^A»- 


,glc 


766  EEPOBT— 1900. 

nopterit  Murraj/ana  (Biaspi.) ;  $.  WHUamtom,  Brongn. ;  T^niopterU  major,  L.  ft 
H.;   7*.  niUafa,  Brongn.  1   Toditei  Willimiuimi  (Broagtt.) ;   AnomotamUa  Niltsoni 

(Fbill.);  jlrancarite*  Phiitipti,  Carr;  Baiera  grarilii,  Biinb.;  S.  Lindlevana 
Scbimp.);  B.  Phillipn,  Nath.;  Beania  gradUt,  Oait;  Braeiu/ph^utn  mamiUare, 
Bronfrn. ;  CheiroUpi*  *«£ostM  (Phill.);.  Crypfomtrita  diiarieatut,  Bunb. ;  Ctenu 
^aUala,  L.  ft  H. ;  delamoiotkia  Murrauana(l^  &  H.) ;  Dioonitet  Nathorsti,  wf. 
DOT.;  Oinkgo  digitata  {RTonra.) ;  O.  loAifitnuM,  Natb. ;  NageiopiiB  angliea,  ap. 
DOT. ;  Nilttonia  compU  (Phill.) ;  X.  medUaia  (Leek.,  ei  Bean,  MS.) ;  N.  ternu- 
nenu,  Nsth.;  Otozajuites  actiminalut  (L.  &  H.)i  0.  Beani (L.  Sc H.) ;  O.  Bun' 
buryanui,  Zign. ;  0.  Fattmantdi,  Zign.  -,  O.  grauhicui  (Lsclr.,  ex  Beao,  US.) ;  O. 
oitutui  (L.  Ik  H.),  ear.  ootiticu*  i  O.parallelia  [Pixill.);  Pagiopkytlmn  WUliamtaiti 
(Brongn.);  Podotamiteg  lanceolatiu  (L.  t,  H.);  PlilosatniUi  (lieck.,  ex  Beas, 
MS.);  Ta.rittt  zamioidet  (Leek.);  WilUamaonia  giga*  (U  ii  ILJ  ;  'f'-  pecteit 
iPhilL). 

Tfao  Eoglieh  flora  ia  compared  by  the  nutbor  with  Rhstic,  Juraaaic,  and  Weal* 
den  floras  of  other  regions ;  a  comparieoa  is  made  also  betweoa  the  foaail  fiou  and 
the  vegelation  of  the  preaeat  daj. 


6.  Note  on  the  Age  of  the  'English  Wealden  Seriei. 
By  G.  W.  Lahplcgh,  F.GS.,  of  HM.  Geological  Surrny. 
In  recent  discusaionH  srUing  from  the  reaewed  attemptn  to  define  more  closely 
the  boundary  between  the  Jurasaic  and  Cretaceous  systems  in  Russia,  Germaaj, 
Belgiuni,  and  France,  and  also  in  North  America,  constant  reference  has  been  made 
to  the  English  Wealden  deposits  as  affording  a  standard  of  compariaon.  But 
meanwhile  doubt  bas  been  thrown,  b;  palnoutologista  who  hare  studied  certain 
portiona  of  the  Wealden  fiora  and  fauna,  on  the  hitherto  accepted  clsaaificatioa  of 
these  Bagliah  deposila  with  the  Lower  Cretaceous,  on  the  ground  that  ihe  fosaila 
•howed  strong  Jurassic  affinities.  This  opiuion  baa  been  expressed  by  the  lata 
■Fiofassor  O.  0.  Uarah  in  r^aid  to  the  reptiles,  by  Br.  A.  Smith  Woodward  in 
regard  to  the  fish,  and  by  A.  0.  Sewaia  in  regard  to  the  plants.  To  prevent 
further  confusion  it  is  therefon  desirable  that  certain  facts  which  have  been  over- 
looked in  this  discussion,  though  for  the  most  part  already  pnUisfaed,  should  be 
restated,  since  these  facts  seem  sufficient  to  prove  that  at  any  rate  the  greater 
portion  of  the  English  Wealden  series  must  remain  as  part  of  the  Lower  Cre- 

It  has  not  always  been  sufficiently  borne  in  mind  that  the  accumuladon  of  th« 
Wealden  Series  must  have  required  a  period  of  long  duration.  The  sands  of  the 
Hastings  Beds  may  indeed  have  been  deposited  rather  rapidly,  but  the  shalyclaya 
with  layers  of  shells  aod  cyprids  inters  t  rati  lied  with  these  sands  indicate  slower 
sedimentation,  and  the  great  mass  of  Weald  Clay,  reaching  1,000  feet  in  thickness, 
must  represent  on  epoch  of  graat  length.  Ili^nca,  since  it  is  univeraalty  acknow- 
ledged that  the  fresh-water  conditions  did  not  set  in  until  the  closing  stages 
of  the  Jurassic  period,  it  seems  inevitable  from  this  consideration  aiune  that  sucli 
conditions  persisted  into  Lower  Cretaceous  times. 

Again,  nearly  aU  the  '  Wealden '  fossils  in  which  Jurassic  affinities  have  been 
observed  have  l>een  obttuned  from  the  tower  part  of  the  Wealden  series  (i.e.  ham 
the  Hastintra  Beds),  and  very  little  is  known  respecting  the  corresponding  fbaailB 
from  the  Weald  Clay  which  probably  represents  tne  majorportion  of  the  Wealden 

Moreover,  the  argument  from  the  Jurassic  affinities  of  the  land  and  fresh-wat«r 
fossils  alone  inspires  no  confidence,  since  if  we  eliminate  the  Lower  Wealden 
fossils  from  the  Lower  Cretaceous  listii  our  knowledge  is  practically  limited  to 
the  marine  li&  of  this  period ;  and  it  may  be  legitimately  asked  whether  the  land 
aud  fresh-water  fossils  of  the  Hastings  Beds  are  not,  after  all,  of  the  character 
proper  to  the  lowermost  part  of  the  Cretaceous,  wherein  a  cloae  relationship  te 
the  immediately  preceding  period  seems  quite  appropriate. 

It  is  from  the  stratignpbical  evidence,  however,  tliat  the  Lower  Cntaeeoin 
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kge  of  at  leftxt  the  grreater  portion  of  the  English  Wealden  Series  can  be  most 
B&tisfactorU;  eetabliahed,  by  ita  relation  to  the  marine  sequence  which  must  form 
tbe  ultimate  basis  of  the  claasificatiou.  The  marine  beds  directly  overlying  the 
Weald  Clay  in  the  south  of  England  represent  only  the  latest  stage  (Aptien) 
of  the  Lower  Cretaceous  period  j  and  although  there  ia  a  sharp  line  of  demarca- 
tion at  their  base,  this  seems  to  denote  a  rapid  change  of  couditions  and  not  a 
lengthy  time-interval,  since  the  incoming  of  marine  or  Drackish-wat«r  shells  near 
the  top  of  the  Wealden  strata  in  Dorset,  Hampshire,  and  Surrey,  foreshadowing 
the  termination  of  the  fresh-water  episode,  indicates  that  the  series  is  practically 
complete,  and  has  undergone  little  if  any  erosion  in  these  parts  before  the  depositioD 
of  the  overlying  marine  strata.  Such  erosion  ma^,  however,  have  taken  place 
locally  towards  tbe  easterly  and  westerly  terminations  of  the  basin  of  deposition, 
where  tbe  topmost  beds  of  the  Wealden  Series  are  not  found. 

In  the  Speeton  Clay,  where  the  Lower  Cretaceous  murine  eequeace  is  fully 
represented,  the  equivaleats  of  the  Lower  Greenmnd  and  Atherfield  Clay  of  the 
south  of  England  are  comprised  within  a  relatively  narrow  compass  in  the 
sparingly  fosailiferoua  upper  part  of  the  sequence ; '  and  therefore  by  far  the  greater 
portion  of  the  Lower  Cretaceous  period,  if  represented  at  all  m  the  south  of 
England,  must  be  represented  in  the  Wealden  Scries.  The  portion  of  the  Speeton 
Clay  unrepresented  by  marine  sediments  in  the  sriuth  includes  tbe  lower  part  of 
tbe  Zone  of  Belemnttes  brunsviceTuis,  and  tbe  whole  of  tbe  Zone  of  Btl.  jaculum, 
both  undoubtedly  Lower  Cretaceous  {Sarrimien,  Hauterivien,  and  Valanffinien), 
together  with  the  whole  of  the  Zone  of  Bel,  lateralis,  the  fauna  of  which  shows 
Jurassic  affinities.  Furthermore,  in  tracing  this  marine  series  southward  from  Yorh- 
ahire  through  Lincolnshire  into  Norfolk,  the  author  has  found  that  in  the  latter 
county  the  lower  zones  are  apparently  absent,  and  the  remaining  portion,  represent- 
ing probably  the  lower  part  of  the  Zone  of  Bel.  brunsuiceniti,  is  characterised  by 
tbe  presence  among  the  marine  fosails  of  plant  remains,  chiefly  fragments  of  a 
Wealden  fern,  Weichatlia  {^ManUUif),  and  by  other  indications  of  fluviatile  influ- 
ence, suggeatiu/  tbe  be^nmng  of  a  lateral  change  into  Wealden  conditions.^ 

With  the  well-recognised  gradual  development  of  fresh-water  conditions  in 
the  Purbeck  beds  of  the  Wealden  area  towards  the  close  of  the  Jurassic  period, 
and  iadicatioDS  of  the  reversal  of  this  process  in  the  topof  the  Weald  Clay  during 
the  later  stages  of  the  Lower  Cretaceous,  and  with  evidence  for  a  latreral  passage  of 
part  of  the  Lower  Cretaceous  marine  sediments  of  the  North  of  England  into 
estuarine  deposits  further  south,  there  seems  every  reason  to  believe  that  in  the 
fresh-water  or  estuarine  strata  of  the  English  Wealden  the  whole  of  the  time- 
interval  between  the  Portlandian  and  Aptien  stages  is  represented,  and  that  it 
would  be  equally  erroneous  to  classify  the  series  entirely  with  the  Jurassic 
system  and  entirely  with  the  Cretaceous,  if  the  hitherto  recognised  boundary  of  these 
systems  in  the  marine  deposits  of  other  areas  is  to  be  maintained. 

The  deposits  classed  as  Wealden  in  Belgium,  Germany,  and  France  appear  to 
be  much  more  restricted  in  vertical  ranse  than  tbe  English  series,  and  to  represent 
dilTerent  purls  of  the  period  in  different  places,  but  nowhere  to  imply  the  same 
long  continuance  of  freab-water  conditions  in  a  single  area. 


7.  Report  on  llie  Irith  Elk  Remains  in  the  Isle  of  Man. 
See  Reports,  p.  SIQ. 
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Section  D.— ZOOLOGY. 
PsEBiDBRi  OP  THE  Seciioit— RlMsAT  H.  Traquaib,  M.D,,  LL.D.,  F.Q 


THURSDAY,  SEPTEMBICB  6. 

The  President  delivered  the  following  Address: — 

Is  opeDiD);  to-da;  tbe  rittinga  of  the  Zoological  Section,  I  must  firat  express  mj 
sense  of  tbe  Lonour  which  has  been  conferred  on  me  in  having  been  chosen  as 
TOur  PresideDt  on  this  occasion,  and  J  maj  add  that  I  feel  it  net  onlj  as  an 
honour  to  myself  personally  but  also  oa  a  compliment  to  the  field  of  investigatioii 
in  which  the  greater  part  of  my  own  original  work  has  been  done.  Tt  is  a  weU 
coma  recognition  of  the  doctrine,  which  I,  and  much  more  important  men  indeed 
than  I,  have  always  maintained,  namely,  tli  at  Palseontology,  however  valuable, 
nay,  iediepen sable,  its  bearings  on  Geology  may  be,  is  in  its  own  essence  a  part  of 
Biology,  and  that  its  facts  and  its  teachings  must  not  lie  overlooked  by  those  who 
would  pursue  the  study  of  Oiganic  Morphology  on  a  truly  comprehensive  and 
scientific  basis.  As  I  have  aslied  on  a  previons  occasion. '  Does  an  animal  cease 
to  be  an  animal  becnuse  it  is  prewrved  in  stone  instead  of  spirits  ?  Is  a  skeleton 
any  the  less  a  skeleton  because  it  has  been  excavated  from  the  rock,  instead  of 
prepared  in  a  niaceratinpr  trough?  '  And  I  may  now  add — Do  animals,  because 
they  have  been  extinct  for  it  may  be  millions  of  years,  thereby  give  up  their  place 
in  the  great  chain  of  organic  being,  or  do  tbey  cease  to  ba  of  any  importance  to 
the  evolutionist  because  their  soft  tissues,  now  no  longer  existing,  cannot  be 
iml>edded  in  parafliae  and  cut  with  a  Cambridge  microtome  P 

These  are  theses  which  I  think  no  one  denies  theoretically ;  but  what  of  the 
practical  application  of  the  rule?  For  though  cordially  thankiotr  my  biological 
brethren  for  the  lionour  they  have  done  me  in  placing  me  in  this  chair  to-day,  I 
must  ask  them  not  to  be  offended  if  I  say  that  in  times  past  1  have  a  few  things 
against  some  of  them  at  least.  I  refer  first  to  tbe  apathy  concerning  paltcontO' 
logical  work,  more  espacin!ly  where  fishes  are  concerned,  which  one  frequently 
meet?  with  in  the  writings  of  biologists,  as  seen  in  the  setting  up  of  classifications 
and  theories  and  the  erection  of  genealogical  trees  without  any,  or  with  at  least 
inadequate,  enquiry  as  to  whether  such  theories  or  treee  are  corroborated  by  the 
record  of  the  rocks.  But  more  vexatious  still  are  tbe  offhand  proceedings  of  some 
biolo^i.its  who,  when  they  wish  to  complete  tbeir  ^neralisations  on  the  structure 
of  a  living  organism,  or  gronp  of  oi^nUms,  by  allusion  to  those  which  io  geological 
time  have  gone  before,  do  not  take  the  trouble  to  consult  the  original  polraooto- 
lo^ical  memoirs  or  papers,  or  to  make  themselves  in  any  way  practically 
acquainted  with  the  subject,  but  derive  their  knowledge  at  second  or  third  hand 
from  some  text-book  or  similar  work,  which  may  not  in  every  case  be  exactly  up 
to  date  on  the  matters  in  question.  Nay,  more  than  thi.:,  I  think  I  have  ssen  tbe 
authors  of  such  test-books  or  treatises  credited  with  fact^  and  illustrations  which 
were  due  to  the  labours  of  haid-working  palsootologiats  years  befoie. 
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fiut  a  better  time,  I  am  convioced,  la  not  far  off,  when  the  nnityof  allbiolofficiil 
Bciiince  'nill  be  recogniaed  not  merely  theoTeticaU;  but  also  practical!;  by  wouen 
in  every  one  of  ito  branches. 

Of  one  thing  I  must  however  wani  those  who  have  hitherto  devoted  their 
time  ezduBivelj  to  the  invegtif^tion  of  things  recent,  namely,  that  a  special 
training  is  necemarj  for  the  correct  interpretation  of  fossil  remains,  especially 
those  of  the  lower  Vertebrata  and  inany  groups  of  Invertebrata.  Su  it  comes  that 
what  loolis  to  the  uninitiated  eye  a  mere  confused  mass  of  broken  hones  or  plates 
may  to  the  trained  observer  afford  a  flood  of  valuable  li^ht  on  qnestions  of  struc- 
tnre  previously  undetermined.  We  most  take  into  account  tlie  condition  of  the 
fossil  as  reg-aids  mineralisation  and  crushinm  we  must  learn  to  recognise  how 
the  various  boiies  may  be  dislocated,  scattered,  or  shoved  over  each  other,  and  to 
distinguish  true  sutures  from  mere  fractures.  We  must  carefully  correlate  the 
positive  results  obtained  from  one  specimen  with  those  atforded  by  others,  and  in 
this  way  it  happens  that  to  make  a  successful  restoration  of  the  exo-  or  endo- 
skeleton  of  a  fossil  fish  or  reptile  may  require  years  of  patient  research.  But  the 
thought]  sometimes  does  come  up  in  my  mind,  that  some  peoplu  imagine  that 
fossils,  such  as  fishes,  occur  in  the  rocks  all  restored  and  ready,  so  that  the  author 
of  such  a  restoration  has  no  more  scientific  credit  in  his  work  than  if  he  were  an 
ordinary  draughtsman  drawing  a  perch  or  a  trout  for  an  illustrated  book  1  But 
the  student  of  fosdl  remains  must  learn  not  only  to  see  what  does  exist  in  the 
spedmen  he  examines,  but  also  to  refrain  from  seeing  things  which  are  not  there 
— to  know  what  he  does  not  see  as  well  as  what  he  does  see.  For  many  grave 
errors  have  arisen  from  want  of  this  necesssry  training,  as  for  instance  where 
the  under  surface  of  a  fish's  head  has  been  described  as  the  upper,  or  where 
markings  of  a  purely  p>^trological  character  have  been  supposed  to  indicate  actual 
structures  of  the  greatest  morpbological  importance.  Or  we  may  find  the  most 
wonderful  details  deecribed,  which  may  indeed  have  existed,  but  for  which  the 
actual  evidence  is  only  the  fertile  imagination  of  the  writer. 

Prom  this  it  will  be  apparent  that  though  Paleeontology  is  Biology  and 
Biology  includes  Falceontology,  yet  as  regards  original  research  a  division  of 
labour  is  in  most  casfs  necessary.  For  though  paleontological  investigations  are 
absolutely  impossible  without  an  adequate  knowledge  of  recent  zoology,  yet  the 
nature  of  the  remains  with  which  the  pal»ontologist  has  to  deal  renders  their 
interpretation  a  task  of  so  different  a  character  from  that  allotted  to  the  investiga- 
tion of  the  structure  and  development  of  recent  forma  that  he  will  scarcely  have 
time  for  the  successful  carrying  out  of  a  second  line  of  research.  Conversely,  the 
aame  holds  regarding  the  sphere  of  work  of  the  recent  biologist. 

Now  those  last  remarks  of  mine  may  perhaps  tend  to  confirm  on  idea  which  I 
have  at  least  been  told  is  prevalent  in  the  minds  of  recent  biologists,  namely, 
that  the  results  of  Palaeontology  are  so  uncertain,  so  doubtful,  and  so  imperfect, 
that  they  are  scarcely  worthy  of  serious  attention  being  paid  to  them.  And  the 
best  answer  I  can  make  to  such  an  opinion,  if  it  really  doe?  exist,  is  to  try  to 
place  before  you  some  evidence  that  Paleontology  is  not  mere  fossil  shell  hunting, 
or  the  making  up  of  long  lists  of  names  to  help  the  geoli^sts  to  settle  their 
strati  graphical  horizons,  but  may  present  us  with  abundance  of  matter  of  genuine 
biolo^cal  interest. 

Since  the  days  of  Darwin,  there  is  one  subject  which  more  than  all  others 
engrosaea  the  attention  of  scientific  biologists.  1  mean  the  question  of  Evolution, 
or  the  Doctrine  of  Descent.  Time  was  when  controversies  raged  round  the  very 
idea  of  Evolution,  and  when  men  of  sdence  were  divided  among  themselves  as  to 
whether  the  doctrine  to  which  Darwin's  theoir  of  Natural  Selection  gave  so 
mighty  an  impetus  was  or  was  not  to  be  accepted.  Times  have  however  changed, 
and  I  hardly  thbk  that  we  should  now  find  a  single  true  scientific  worker  who 
continues  to  hold  on  by  the  old  special  creation  idea.  Philosophic  zoologists  now 
busy  themselves  either  with  amassing  morphological  evidences  of  Descent  or  with 
the  discussion  of  various  theories  as  to  the  factors  by  which  organic  evolution  has 
been  brought  about— whether  Natural  Selection  has  been  the  all-sufficient  cause  or 
not,  whether  acquired  peculiarities  are  transmissible,  and  so  on, 
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From  the  natura  of  tilings  it  U  clear  that  tlie  voice  of  the  patsoQtologiet  ciul 
only  be  henrd  oo  the  morpbologicBl  utpect  of  the  question,  bat  to  man;  of  ue, 
includin);  myFelf.  tbe  morphological  argumeDt  ia  eo  coomciog  that  wa  befieTs 
tbat  evan  if  the  DarffinUii  theory  were  proved  to-morron  to  be  utterly  baselt-M, 
the  Doctrine  of  Descent  would  doC  be  in  tbe  sliehieat  degree  alTected,  but  would 
continue  to  have  as  firm  a  hold  on  our  minds  as  before. 

Now  as  Paleontology  takes  ub  back,  far  back,  into  the  Ufa  of  tbe  past,  it 
might  be  reiuonablj  expected  that  it  would  throw  great  light  on  the  deaceot  nf 
animals,  but  the  amount  of  its  evidence  is  necessarily  mnch  diminished  by  two 
unfortunate  circumstances.  First,  the  terrible  imperfection  of  tbe  geological 
record,  a  fact  so  obvious  to  any  one  having  any  acquainttince  with  Geology  tbat 
it  need  not  be  discussed  here ;  and  secondly,  the  circumatancQ  that  save  in  tery 
esceptioDsl  cases  only  the  hard  parte  oF  aQimals  are  preserved,  and  those  too  ofles 
in  an  enlremely  fragmentary  and  disjointed  fiondltion.  But  though  we  cannot 
expect  that  tbe  palieontological  reciird  will  ever  be  anything  more  than  fragmen- 
tary, yet  the  constant  occurrence  of  new  and  important  discoveries  leads  ua  to 
enlerlain  tbu  hope  that,  in  course  of  time,  more  and  more  of  its  psges  will  becoma 
disclosed  to  us. 

Incomplete,  however,  as  our  knowledge  of  Evolution  aa  derived  from 
FalffiODtology  must  be,  that  is  no  reason  why  we  should  not  appraise  it  at  its 
proper  vslue,  and  now  and  again  atop  for  a  moment  to  take  stock  of  the  material 
which  has  accumulated. 

You  are  all  already  acquainted  with  tbe  t«lling  evidence  in  favour  of  Evolution 
furnished  by  tbe  well-known  series  of  Mammalian  limbs,  as  well  as  of  teeth,  in 
which  tlie  progress,  in  the  course  of  time,  from  the  more  general  to  the  a.ora 
special  ia  so  obvious  that  I  cannot  conceive  of  any  unprejudiced  person  shutting 
bis  eyes  to  the  iaftrence  that  Defcent  with  moditication  is  tbe  reason  of  these 
things  beinjT  so.  Suppose,  then,  that  on  this  occasion  we  take  up  the  palieontn- 
lo^cal  evidence  of  l>escent  in  tbe  case  of  llabes.  This  I  do  the  more  readily 
because  what  original  work  I  have  been  able  to  do  has  Iain  principally  in  the 
direction  of  foseil  ichthyology;  and  again,  because  it  does  seem  to  me  that  it  is  in 
this  department  tlmt  one  has  most  reason  to  complain  of  want  of  interest  on  the 
part  of  recent  biologists,  even,  I  may  say,  of  some  professed  palteontologists 
themselves. 

But  tbe  subject  is  really  of  so  great  an  extent  that  to  exhaust  it  in  tbe  coune 
of  an  address  lile  tbe  preeent  would  be  simply  impossible,  so  I  shall  in  tbe  main 
limit  myself  to  the  consideration  of  Palieozoic  forms,  and  this  more  especially  see- 
ing that  we  may  hope  for  a  large  addition  to  our  light  on  tbe  tishes  of  the  more 
recpnt  geological  formations  from  tbe  fourth  volume  of  the  'Catalogue  of  Fossil 
Fishes '  in  the  British  Museum,  which  will  soon  appear  from  tbe  pen  of  my  friend 
Dr.  A.  Smith  Woodward.  I  need  scarcely  say  how  much  his  prevbus  volume  has 
conduced  to  a  better  knowledge  of  the  Mesozoic  forms. 

Here  I  may  begin  by  boldly  affirming  tbat  I  include  tbe  MarMpobrancbii  aa 
fishes,  in  spite  of  the  di:;tum  of  Cope  that  no  animal  can  be  a  fish  which  does  not 
possess  a  low^r  jaw  and  a  sboulder-girdle.  Why  not  ?  Tbe  position  seems  to  ma 
to  be  a  merely  arbitrary  one ;  and  it  is,  to  say  the  least,  not  impossible  that  tbe 
modurn  Lampreys  and  Hags  may  be,  as  many  believe,  the  degenerate  deacendanta 
of  originally  gnHthoatomalous  forms. 

To  tbe  origin  of  the  Yertebrata  Fa  lie  on  trilogy  gives  us  no  clue,  as  the  fore* 
runners  of  the  tiiiUes  must  have  been  creatures  which,  iike  the  lowest  Cbordata  of 
the  present  day  (Urnchorda,  Hemichorda,  Cephalochorda),  hod  no  hard  parts  capable 
of  preservation.  And  though  I  shall  presently  refer  again  to  the  subject,  1  may 
here  atfirm  that,  so  far  as  I  can  read  the  record  at  least,  it  ia  iuipossible  to  derii'e 
from  Palseootology  any  sunporC  to  the  view,  recently  revived,  that  tbe  ancient 
tishes  are  in  any  way  relatea  to  Crustacean  or  MelostomatoiLS  ancestors. 

What  have  me  then  to  say  concerning  the  most  ancient  hshes  ivith  Trblch  we 
are  acquainted  P 

The  idea  that  the  minute  bodies,  known  as  Conodonts,  which  occur  from  tba 
Cambrian  to  the  Carbooiferoos,  ore  tbe  teeth  of  fishea  and  possibly  even  of  aadont 
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Marsipobranclu  may  now  be  said  to  be  pven  up.  They  are  now  accepted  by  the 
most  reliable  auttorities  as  appertaining  to  Invertebrata  auch  aa  AnDeli<Iea  and 
Gephyrea. 

More  recently,  bcwever,  Bohon '  has  described  from  the  Lower  SilurisQ  of  the 
neifchbourhood  of  St.  Petersbarg'  small  teeth  {Pal/xodus  and  Archodus)  associated 
with  Conodonts,  and  which  seem  to  be  real  fish  teeth,  but  not  of  Selai^jans,  Hs  is 
shown  by  the  presence  of  a  pulp  cavity  surrounded  by  non-ve^ulcr  dentioe.  It  is 
impossible  to  aay  anything-  more  of  their  affinities. 

Obscure  and  fragmentary  fish  remains  have  leen  obtained  by  Walcot,  and 
described  by  Jaekel,  from  rocks  in  Uolorado  supposed  to  be  of  Lower  Silurian  or 
Ordovician  age,'  But  doubts  have  been  thrown  on  their  age,  and  the  fossils  them- 
selves, which  have,  it  must  be  owned,  a  very  Devonian  [ook  about  tliem,  are 
BO  extremely  fragmentary  that  they  do  not  help  us  much  in  our  present  purpose. 

It  is  not  till  we  come  to  the  Upper  Silurian  rocks  that  we  begin  to  t'eel  the 
ground  securely  under  our  feet,  though  we  may  be  certain,  from   the  degree  of 

Secialisatiou  of  the  forms  which  we  there  tind,  that  tishes  lived  in  the  waters  of  the 
obe  for  long  ages  previously. 
Chamctt-ristic  of  the  '  Ludlow  bone-bed '  are  certain  minute  scales  on  which 
Pander  founded  the  family  Ccelolepidw,  having  a  flat  or  sculptured  crown,  below 
which  is  a  constricted  'neck,'  and  then  a  base  usually  perforated  by  an  aperture 
leading  into  n  central  pulp  cavity.  As  these'little  bodies,  looked  upon  by  Agassiz 
as  teeth,  were  shown  by  McCoy  to  be  scales,  and  as  they  occurred  at  Ludlow  m 
England  and  Oesel  in  Kuasia  along  with  small  Selachian  spines  {OncAus),  they  wero 
usually  considered  aa  appertaining,  with  the  latter,  to  small  Cestraciont  sharks. 
The  genera  Thetodta,  CaUolepui,  and  others  were  founded  on  these  dermal  bodies, 
but  it  is  doubtful  if  any  but  the  lirst  of  these  names  will  stand. 

But  the  aspect  of  affairs  was  altogether  changed  by  the  discovery  three  years 
ago  by  the  oliicers  of  the  Geological  Survey  of  entire  specimens  of  Thelodta  in 
the  Upper  Silurian  rocis  of  the  South  of  Scotland,  from  which  it  was  evident  that 
the  fieh,  though  soiuewhatHhark-like,couidbHrdly  be  reckoned  aa  a  true  Selachian.' 
Theloilwi  Koticiis,  Traq,,  has  a  broad  flattened  anterior  part  corresponding  to  the 
bead  and  forepHrt  of  the  body,  very  bluntly  rounded  in  front,  and  passing  behind 
into  right  and  left  angular  flap-like  prqjf  ctions,  which  are  sharply  marked  off  from 
the  narrow  tail,  which  is  furnished  with  a  deeply  cleft  heterocercol  caudal  tin. 
Unless  the  flap-like  lateral  projections  are  representatives  of  pectorals,  do  other 
fins  are  present,  neither  do  we  find  any  teeth  or  jaws,  nor  any  trace  of  intemal 
skeleton ;  and  it  is  only  a  few  days  smce  Mr,  TaJt,  collector  to  the  Geological 
Survey  of  Scotland,  pointed  out  to  me  in  a  recently  acquired  specimen  a  right  and 
left  dark  spot  at  the  outer  margins  of  the  head  near  the  front,  which  spots  may 
indicate  the  position  of  the  eyes.*  A  previously  unknown  genus,  Latiarhia,  Traq., 
also  occurred,  in  which  the  creature  had  the  very  same  form,  but  instead  of  having 
the  akin  clothed  with  small  shagreen-like  scales,  possessed,  in  their  place,  minute 
sharp  conical  hollow  spines,  without  base  and  open  below.  What  wa  ore  to  think 
of  those  two  ancient  forms,  apparently  so  primitive,  and  yet  undoubtedly  also  to  a 
great  extent  specialised,  we  shall  presently  discuss. 

Lot  us  now  for  a  moment  look  at  the  genus  Drepaiuiipit,  Scbliiter,  from  tba 
Lower  Devonian  of  Gmiinden  in  Western  Germany.*    We  have  here  a  strange 

■  '  Ueher  nntersiluriacho  Fische,'  SfiUiiffet  Ocol.  et  PaUant.  vol.  i.  (St.  Petersburg, 
1889).  pp.  9-14. 
,  •  Bulletin  Oeol.  Soo.  America,  vol.  111.  1892,  pp.  153-171. 

'  R.  H.  Traqnair,  '  Heport  on  Fossil  Fishes  collected  by  the  Geological  Survey  in 
the  Silurian  Rocks  ot  the  South  of  Scotland,'  Trane.  Ray.  Soe.  jidia.,  vol.  is.tix. 
1899,  pp.  827-861,  A  specimen  of  Thtlodvi  had,  however,  been  found  by  Mr.  James 
Yonng,  of  Lcsmahagow,  before  the  Qeolc^ical  Survey  came  on  the  scene. 

*  I  am  indebted  to  Sir  A,  Geikie,  F.R.S.,  Director-General  of  tlio  Geological 
Survey,  for  permission  to  make  use  of  this  and  other  facts  disclosed  by  Mr.  Tail's 
work  in  the  Lcsmahagow  Silurians  during  the  present  summer. 

'  K  H.  Traqnair,  Geol.  Mag.,  April  1800, 
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creature  «Ii(M  abijM  entirely  reminds  na  of  that  of  TTitlodiU,  )a.vtDg  tbe  tkme  flat 
farosd  aaterior  p&rt,  bluntly  rounded  in  front,  and  ongnlsted  bebind,  to  wbich  is 
appended  a  narrow  tail  eoiin^  in  a  beterocercal  caudiLl  fin,  wlitch  is,  bowever, 
acarcely  bdlobatA.  But  bare  tlie  dermal  coTeriog,  inataad  of  cotiBiatinf  of  separate 
ocales  or  ipinelets,  ebowe  a  ckwe  carapace  of  hard  bony  plates,  of  which  two  are 
eepedaUy  laive  and  prominent— tbo  median  dorsal  and  tbe  median  ventral — other 
la^  ones  being  placed  an>nnd  tbe  margins,  wiiile  the  intervening  space  ie  occupied 
bj  a  mOHaic  of  email  pol^onal  piecee.  The  poeition  of  the  mouth,  a  transferee 
■lit,  ia  Been  just  at  tbe  anterior  margin  ;  it  is  bounded  behind  bj  a  median  mental 
or  cbin-plate,  but  no  jawe  properly  ao  called  are  visible,  nor  ore  tbere  uiy  teeth. 
Then  on  each  margin  near  the  front  of  the  heed  is  a  BmsJl  round  pit,  exactly  in  the 
poeition  of  the  dsA  opot  eeen  in  some  examples  of  Thelodut,  which,  if  not  on  orbit, 
must  indicate  tbe  posildon  of  eome  organ  of  sense.  Afain,  the  tail  is  covered  with 
■colee  a^r  the  manner  of  a  '  ganoid '  fish,  being  rhomcnc  on  the  aides,  but  assnm- 
ing  the  form  of  long  deeply  imbricating  fulcra  on  the  doieol  and  -ventral  margins. 
The  poeition  of  the  branchial  opening,  or  openings,  has  not  yet  been  defimtely 
ascertained. 

All  these  plates  are  closely  covered  with  stellate  tubercles,  end  we  cannot 
escape  froai  the  conclusion  that  they  are  formed  by  the  fusion  of  small  abotrreen 
bodies  like  those  of  TAelodue,  and  nnited  to  bony  matter  developed  in  a  deeper 
layer  of  tbe  akin. 

If  the  angular  lateral  flapa  of  Thflodiu  represent  pectoral  fins,  then  we  abould 
have  the  exceedingly  strange  phenomenon  of  such  structures  becoming  fuDctJonally 
useless  by  enclosure  in  hard  unyielding  plates,  though  still  influencing  the  gener^ 
outUne  of  the  flsb.  Be  that  as  it  may,  con  we  doubt  that  in  Drrpanarpit  we  have 
a  form  derived  by  specialisation  from  a  Ooelolepid  ancestorP 

This  Drrpanaipu  throws  likewiae  a  much-desired  light  on  tbe  fragmentary 
Devonian  remains  known  since  Agassii's  time  as  PiaBimcttmt.  These  consist  of 
la^e  plates  and  fragment«  of  plates,  composed  of  vaso-dentine,  and  sculptured 
externally  by  minute  closely  set  stellate  tubercles,  exactly  resembling  the  scales  of 
some  species  of  Thelodut.  These  tubercles  are  also  frequently  arranged  in  small 
polygooal  areas,  remindiuc  ua  exactly  of  tbe  small  polygonal  pfates  of  Drepaaaipu, 
and,  like  them,  often  having  a  specially  large  tubercle  m  tbe  centre.  That  Psam- 
moiteia  had  on  anceatry  nmilor  to  that  of  Drepanaqiit  con  also  hardly  be 
doubted. 

Finally,  in  the  well-known  Pteratpu  of  th&  Upper  Silurian  and  Lower  Devonian 
fonnationa  we  have  a  creature  which  also  has  tbe  head  and  anterior  part  of  tbe 
body  enveloped  in  a  carapace,  to  which  a  tail  covered  with  rhombic  scales  ia 
appended  behind,  and,  though  the  caudal  6n  has  never  been  properly  seen,  such 
Temunaofitas  have  occuri^  distmctlv  indicate  that  it  was  nelerocercol  in  ita 
contour.  The  plates  of  tbe  carapace  nave  a  striking  resemblance  in  general 
arrangement  to  thoae  of  Sreparuuptg,  though  the  small  polygonal  pieces  have 
disappeared,  and  there  is  a  prominent  pointed  rostrum  in  front  of  tbe  month ;  and 
it  is  to  be  noted  that  tbe  small  round  apertures  usually  supposed  to  be  orbits  are 
in  a  position  quite  analogous  to  that  of  the  sensory  pits  in  Drepanaxpu.  The 
plates  of  the  carapace  of  PteratpU  are  not,  however,  tuberculeted,  but  oma- 
inentedby  fine  dose  parallel  ridges,  the  microecopic  structure  of  which,  along  with 
their  frequent  lateral  crenulation,  leaves  no  doubt'  in  our  minds  that  they  have . 
been  formed  by  the  running  together  in  lines  of  Thelodiu-\\)m  shagreen  grains. 
An  aperture  supposed  to  be  branchial  is  seen  on  the  plate  forming  the  posterior 
angle  of  tbe  carapace  on  each  aide. 

Until  these  recent  discoveries  concerning  tbe  Ccclolepidte  and  Dreponospidie, 
Ptrrmpu  and  its  allies,  Ci/atAatpis  and  Palaa^is,  constituted  the  only  bmily 
included  in  the  order  Ueteroetroci  of  the  sub-class  Oatrscodermi,  distinguisbed,  a* 
shown  by  Lankester,  by  the  absence  of  bone  lacuute  in  the  microscopic  structure 
of  their  plates.  It  is  now,  however,  clear  that  we  can  trace  them  back  to  an 
ancestral  family  in  which  the  external  dermal  armature  was  still  in  the  generalised 
form  of  separate  ahngreen  grains  or  spinelets. 
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But  the  Ostntcodermi  are  luiully  made  to  incladft  two  other  groups  oi  ordeia, 
luunely  the  Ooteottraci  sod  the  Asterolepids.* 

Tbe  Oateofttnici  axo  diatingnuhed  from  the  Hetetoatraci  hy  the  pofisesaioa  of 
lacuoffl  in  their  hone  structure,  uid  bj  having  the  ojea  in  the  middle  of  the  heod- 
ahield  instead  of  at  the  sides.  Ctphalaipii,  which  occurs  &om  the  Upper  Silurian 
to  the  top  of  the  Devonian,  is  the  best  known  representatiTe  of  this  diviston.  La- 
•lead  of  a  carapace,  we  find  a  large  head-shield  of  one  piece,  though  its  structure 
showa  evidence  of  its  having  been  origioallj  competed'  of  a  mosaic  of  small  poly- 
gonal plates,  and  it  is  also  to  be  noted  that  'the  surface  is  ornamented  bv  small 
tubercles,  there  frequently  being  one  laraier  in  aii«  in  the  centre  of  each  poljgonal 
area.  The  poeterior-extemal  anglea  of  the  shield  project  backwards  in  aright  and 
left  pointed  process  or  eomu,  scarcely  developed  in  C.  Murehitotd,  internal  to 
whi&h,  and  also  organically  connected  with  toe  head-shield,  is  a  rounded  flap- 
like structure,  which  strongly  reminds  us  of  the  latei'al  flaps  of  the  OcelolepidsB. 
The  body  is  covered  with  scales,  which  on  the  ddea  are  high  and  narrow} 
there  is  a  small  dorsal  fin,  and  the  caudal,  though  heterocercal,  is  not  bilohate. 
It  is  scarcely  necessary  for  me  ta  add  that  we  find  just  as  little  evidence  of  jawi 
or  of  teeth  as  in  the  case  of  the  HeterostracL 

The  assodation  of  the  Heterostraci  and  Oateoatraoi  in  one  sub^aas  of  Oatra- 
codsrmi  has  been  strongly  protested  against  by  Professor  Lankester  and  Dr.  0.  M. 
Heis,  but  here  the  Scottish  Silurian  strata  come  to  the  rescue  with  a  form  which  I 
described  last  year  under  the  name  oC  AUleamuteueiiata,  and  of  which  some  more 
perfect  examples  than  those  at  my  disposal  at  that  time  have  recently  come  to 
light  through  the  labours  of  Mr.  Tait,  of  the  Geological  Survey  of  Scotland. 

Here  we  have  a  creature  whc«e  general  form  reminds  us  strongly  of  Thelodiu, 
but  whose  close  affinity  to  G^hala^i*  is  aheolutely  plain,  were  it  only  on  account 
of  the  indications  of  orbits  on  the  top  of  the  head. 

The  expanded  anterior  part  whidi  here  represents  the  head-shiald  of  CepfiO' 
latpit  shows  not  the  slightest  trace  of  comua,  but  forms  posteriorly  a  gently 
rounded  lobe  on  each  aide,  cleerly  sugsestiiig  that  the  oomoal  flaps  of 
Cepkalatpit  are  homolooous  with  and  derivable  from  the  lateral  expanses  in  the 
Ooalolepidffi.  This  cephalic  covering  is  composed  of  numeroua  gEnall  polygonal 
plates  Qke  those  of  which  the  head-stiield  in  Cephalatpu  no  doubt  originally  cot^ 
abted,  and  the  minute  tubercles  which  cover  their  outer  surfaces  also  suggest  that 
the  superficial  layer  wat,  formed  by  the  fusion  of  Ocelolepid  scales.  The  body  ia 
covered  with  rhombic  scales,  sculptured  externally  with  tubercles  and  wavy  trans- 
verse ridges,  and  arranged  in  lines  having  the  same  general  direction  ii  the  scutes 
of  Ct^alatpit,  from  which  we  may  infer  that  the  latter  originated  from  the  fusion 
of  scales  of  similar  form.  The  fins  are  as  in  Cfpkal{upu,ih«Mhtaiig  one  small 
dorsal  situated  far  back,  and  a  heterocercal  caudal,  which  is  triangular  in  shape,  and 
not  deeply  cleft  into  upper  and  lower  lobes  as  in  the  Ccelolepids.  Finally,  the 
scales,  on  microscopic  examination,  show  well-developed  bone  lacunEe  in  thmc 
internal  structnre. 

That  AttUaipU  belongs  to  the  Osteostraci  there  is  thus  not  the  amallest  doubt, 
but  its  general  resemblance  to  the  Coelolepidte  in  its  contour  anteriorly  led  me 
to  regard  it  as  an  annectent  form,  and  consequently  to  believe  that  there  is  after 
all  a  genuine  genetic  connection  between  the  Heterostraci  and  the  Osteostrad. 
And  I  have  not  seen  reason  to  depart  from  that  opinion  even  though  Alelea^i* 
turns  out  to  be  still  closer  to    Cepkala^it  than  was  apparent  in  the  original 


If  this  be  so,  then  Cmhakupu,  as  well  as  Pteratpit  and  its  aUies,  is  traceable 
to  the  Coslolepidie,  shark-like  creatures  in  which,  as  we  have  alreadv  seen,  the 
dermal  covering  consists  of  small  shagreen-like  scalee,  or  of  minute  hollow  spines, 
and  coDsequendy  all  theories  as  to  the  arthropod  origin  of  the  Ostracodermi,  so 
far  as  they  are  founded  on  the  external  conflgitration  of  the  carapace  in  the  more 

'  To  these  I  myself  recently  added  a  fourth,  the  Anaeplda,  for  the  remarkable 
Tipper  Bilurlan  family  of  Birkeniidtc,  but  as  these  throw  no  light  as  fet  on  the  problem 
of  Pescent  they  may  at  pesent  be  only  mentioned. 
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specialimd  forms,  magt  fall  to  the  groiiDd.  And  from  the  close  reEemhliuice  of  th«e 
scales  of  Thelodus  to  Elssmobratidi  shaj^reen  bodies— far  fortr-fiva  years  the;  bad 
besD,  l)j  most  autliors,  actually  referred  to  the  Selachii— I  concluded  that  the 
Ocelolepidie  owed  their  origin  to  some  form  of  primitive  Elasmobranchs.  That 
is,  however,  not  in  accordance  with  the  view  of  the  late  Professor  Cope,  that  the 
Oetracodermi  are  more  related  to  the  MarBipobranchii,  and  that,  from  the  apparent 
absence  of  lower  jaw,  they  should  be  placed  along-  with  ihe  last-named  group  in  a  class 
of  A^atba,  altogether  apart  from  the  flshea  proper.  And  Dr.  Smith  AVoodward, 
who  isinclmod  to  favour  Cope's  theory,  has  expressed  hie  view  that  the  similarity 
of  the  Ccelalepid  scales  to  Ulasmobrancb  shagreen  is  no  proof  of  an  Elaamobraoch 
derivation,  but  that  such  structures,  representing  the  simplest  form  of  dermal  bard 
parts,  may  have  orig-Lnated  independently  in  far  dirtAnt  groups.'  Knowing  what 
we  do  of  the  occurrence  of  strange  parallelisms  in  evolution,  it  would  not  be  ssre 
to  denvBuch  a  posribilitj.  But  as  to  a  Marupobranch  afHuity,  I  would  point  out 
that  the  apparent  want  of  lower  jaw  among  the  hard  parts  which  nature  has  pre- 
aervedfor  us  is  noproof  of  the  absence  ofaMeckelian  cartilage  amongthssoftpsttt 
which  are  lost  to  us  for  ever ;  and  also,  as  Professor  Lankester  has  remarked,  that 
there  is  no  evidence  whatever  that  any  of  the  creatures  classed  together  asOetmco- 
dermi  were  monorhinal  like  the  Lampreja.  The  only  fossil  vertebrate  having  a 
single  median  opening,  piesumahlj  nsesl,  in  the  front  of  the  head  is  Palao- 
tpnndylut,  but,  whatever  be  the  tnie  affinities  of  this  little  creature,  at  present  the 
subject  of  so  much  dispute,  I  think  we  may  be  very  sure  that  it  is  not  an 
Ostracodenn. 

The  Devoniao  '  Antiarcha '  or  A  sterolepida,  of  which  Pterichlhys  is  the  best 
known  genus,  ore  also  usually  placed  in  the  Ostracodermi,  with  which  they  a(nee 
in  the  possession  of  a  carapace  of  bony  plates,  in  the  absence  of  distinct  lower  jaw 
or  teeth,  in  the  non-preservation  of  internal  skeleton,  and  is  having  a  scaly  tail 
furnished  with  a  heterocercal  caudal  fin,  and,  as  in  the  Cephalaspidie,  also  with  ft 
small  dorsal.  But  they  have  in  addition  a  pair  of  singular  jointed  thoracic  limbs, 
evidently  oi^ans  of  progression,  which  are  totally  unlike  anything  in  the  Osteosbraci 
or  in  the  Heterostraci,  or  indeed  in  any  other  group  of  fishes.  These  limba  are 
covered  with  bony  plates  and  hollow  iiuide;  but  though  I  once  budfully  compared 
them  in  that  respect  with  the  limbs  of  insects,  I  must  protest  strongly  gainst  this 
expression  of  mine  being  quoted  in  favour  of  the  arthropod  theory  of  toe  deriv»> 
tjon  of  the  Vertebrata  I 

Nor  do  I  think  that  there  is  an^  probal»litT  in  the  view  published  by  Smroth 
nine  years  ago,'  namely,  that  Ptenckihytma.'jat.tB  been  a  land  animal  which  used 
its  limbs  for  progrenion  on  dry  ground,  and  that  the  origin  of  the  heterocercal  tail 
was  the  bending  up  of  the  extremity  of  the  vertebral  axis  caused  by  its  being 
dragged  behind  the  creature  in  the  act  of  walking.  That  view  was  promulgat«d 
before  the  discovery  of  the  membranous  expanse  of  the  caudal  fin  in  this 

But  though  the  Asterolepida  are  apparently  related  to  and  incluaihie  in  the 
Ostracodermi,  the  ^logical  record  is  silent  as  to  their  immediate  origin,  no  inter- 
mediate forms  having  been  found  connectJDg  them  more  closely  with  either  the 
Heterostraci  or  the  Oateostraci.  In  the  possesion  of  bone  lacuns  and  of  ft  dorsal 
fin  they  have  a  greater  resemblance  to  the  latter,  but  it  may  he  looked  upon  u 
certwn  that  they  could  have  had  no  direct  origin  from  that  group. 

As  regarda  the  Ostracodermi  as  a  sub-class,  they  become  extinct  at  the  end  of 
the  Devonian  epoch,  and  cannot  be  credited  with  any  share  in  the  evolution  of  the 
fishes  of  more  recent  periods,  not  even  if  we  restore  the  CoccoeCeans  or  Arthrodira 
to  thrar  fellowship.  To  the  latter  most  enigmatical  group,  which  I  ahaU  slill 
conUnue  to  look  upon  as  fishes,  I  shall  make  some  reference  further  on. 

Coming  nowto  say  a  word  regarding  the  Elasmobranchii,  it  is  plain  from  tits 
fin-spines  found  in  Upper  Silurian  rocks  that  they  are  of  very  ancient  origin,  and 
that  if  Tve  only  knew  them  properly  they  would  have  a  wonderful  tale  of  evolution 
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to  tell.  Bat  their  intemil  skeleton  ia  from  its  nature  not  cslcuUted  fur  preservft' 
tion.  and  for  thii  moat  part  we  only  kuow  tbose  creatures  from  scnltertd  leetb, 
fiD-spines,  nud  «haf(Teen,  iipecinieDS  ahowiufr  eltlier  external  coclig'uiaiioD  or 
internal  atructure  being  rare,  especially  in  Palceozoic  strata.  But  from  what  we  do 
know,  there  ia  no  doubt  that  tbe  ancient  sbarka  were  lea  specialised  than  thuse  of 
the  present  daj,  and  that  the  recent  KotidniiidB  still  preserre  peculiarities  which 
wen  common  in  the  Selachii  of  past  ages. 

If  we  ask  whether  the  fossil  sharks  throw  anj  light  on  the  disputed  origin  of 
the  paired  limbs,  whetbet  from  the  specialisatioD  of  right  and  left  lateral  folds,  or 
whether  that  tjpe  of  limb  called  '  arehiptervsium  '  by  Gegenbaur,  consisting-  of 
a  central  jointed  axis  wiih  pre-  and  post-axial  radial  cartilage  attached,  was  the 
original  form,  I  fear  we  get  no  ver}'  dHfinit«  answer  from  Klasmobranch  palseon- 
tology.  The  naired  tins  of  the  Upper  Devonian  shark,  Ctadoeelache,  as  described 
br  Bashford  Dean,  Smith  Woodward,  and  others,  seem  to  farour  the  lateral  fold 
theory,  nnd  Cope  pointed  to  the  right  and  left  series  of  small  intermediate  spines 
which  in  some  Lower  Devonian  Acanthodet  (Parejnis  and  Climatiut)  extend 
between  the  pectorals  and  vcDtrals  as  evidfnco  of  &  former  continuous  lateral 
Sn.  So  also,  if  1  am  right  in  looking  on  the  lateral  Haps  of  the  C<eln]epidie 
as  6os,  the  evidence  of  thete  ancient  Ostracoderuii  would  be  in  the  same 
direction. 

But,  on  the  other  band,  we  have  t1)a  remarkable  group  of  PleuTacantbidcc, 
extending  from  tbe  Lower  Permian  back  to  the  Upper  Devonian,  in  which  the 
paired  tins  are  represented  bj  an  '  arcbipterjgium '  which  in  the  pectoral  at  least 
u  biserial. 

From  this  biserial  'archipterj-gium'  io  the  Plauraconthidffi,  Professor  A. 
Fritech,  ten  years  ago,'  derived  the  tribaeal  arrangement  of  modem  sharks,  much 
according  to  the  Gegenbaiirian  metliod,  effecting,  however,  a  compromise  with  the 
lateral  fold  theory  by  assuming  that  the  Pleuracanth  form  originated  from  one, 
consisting  of  simple  parallel  rods,  like  that  described  in  CladoHUiche. 

In  my  description  of  the  pectoral  tin  of  the  Carboniferous  Cladodut  NeiUani'' 
I  have  shown  that  tbe  cartilaginous  structares  apparently  present  a  uniserial 
BTchipterygium  intermediate  between  the  arrangenieot  in  Pieuracanthut  and  that  in 
the  modern  sharks,  but  1  felt  compelled  to  acknowledge  that  tbe  specimen  might 
also  be  interpreted  in  exactly  the  opposite  way,  namely,  as  an  example  of  a  transi- 
tion from  the  '  ptycbopterygium '  of  Cladotelache  to  the  Plenracanth  and  IMpnoan 
limb.  And  so  in  fact  this  tin  of  Cladedia  is  claimed  in  support  of  their  fiews  by 
both  parties  in  the  dispute. 

When  we  add  that  tSemon  emphatically  denies  that  there  ia  an;  proof  for 
coondering  that  the  puctortil  fin  afciadotrlache  is  primitive  in  its  tjpe?  and  that 
Campbell  Brown,  in  his  recent  paper  on  the  Uesozoic  genus  Hybodiu,*  supports 
O^nbaur's  theory,  it  will  be  seen  that  Elasmobranch  palceontology  has  not  as 
jet  uttered  any  very  clear  or  decided  voice  on  tbe  question  as  to  whether  the  so- 
called  archipterygium  is  the  primary  form  of  paired  tin  in  the  fish,  or  only  b 
secondarj  modttication.  We  shall  now  inquire  if  we  can  obtain  any  more  light 
on  tbe  suhject  from  tbe  f^roesopterygii  and  Dipnoi. 

The  Crossopterygii  are  a  grcup  of  Teleostomous  fishes,  cbarBCterised  externally 
by  their  jugular  plates  and  lobate  paired  fins,  and  represented  in  the  present  day 
only  by  tbe  African  genera  Polyptena  and  Calaminchthy$,  which  together  form 
the  peculiar  family  Polypteridfs.  The  Crossopterygii  appear  suddenly  in  the 
middle  of  the  Devonian  period,  their  previous  ancestry  being  unknown  to  us. 

Four  families'^  ore  known  to  us  in  Polteozoic  times— the  Oateolepidn,  Rhizo- 

'  'Fauna  dor  Qaskohle  und  der  Kalksteine  der  fermformntion  Duhmens,'  vol.  Hi. 
pt,  i.  (Prague,  1890),  pp.  44-45. 

'  Trava.  (real.  Sm.  (Glasgow),  vol.  xi.  pt.  i„  1897,  pp.  41-60. 

• '  Die  Entwickelong  der  poorigen  Flossen  des  Ceratodus  Forsteri.'    Jena,  1803. 

* '  Ueber  das  Genus  Hyhodnt  und  seine  systematische  Stellung,'  Palaonio- 
graphiea,  vol.  xlvl.  1900. 

*  Five,  if  we  include  the  singular  and  still  imperfectly  known  TarrasiidK  of  tlw 
Lower  CarboniferoaB. 
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doiitid»,Holoptychiide,aiid  Ccelocantbida,  but  it  itimlj  with  thefint  three  Utat 
we  have  at  present  to  deal.    The  Osteolepidie  and  Uhizodoutidn,  which  appear 

Xther  in  Middle,  and  die  out  together  in  Upper  Paleeozoic  times,  resemUe  each 
r  ver}!  cluselj.  Id  both  we  have  the  paired  fina,  more  eepeciallf  the  pectoral, 
obtusely  or  aubacntelj  lobate ;  there  are  two  separate  dorsal  fina,  one  anal,  and  the 
other  caudal,  which  ix  usually  heterocercal,  though  in  some  genera  it  is  more  or  lees 
diphycercnl.  In  both  the  teeth  are  conical  and  have  the  aame  compler  atructnre, 
the  dentine  being  towardB  the  base  thrown  into  Tertical  labyimthic  folds,  exactly 
as  la  the  Steg'ocephalian  Labyrinthodonts,  and  this  along  with  the  long-lihe 
development  of  the  double  air-bladdei  in  the  recent  Polypteridn  baa  given  rise  to 
the  Tiew  that  from  these  forma  the  Stegocephalia  have  orifiinaCed.  The  nasal 
openin);a  must  have  been  on  the  under  aurface  of  the  snout,  as  in  the  DipnoL 

Uf  these  two  ao  closely  allied  families  we  must  conclude  that  the  Osteoleptda 
are  the  more  primitive,  as  in  them  the  scales  are  acutely  rhombic  and  usuallT 
covered  with  a  thick  layer  of  ganoine,  while  in  the  Rhizodontidra  they  are  roanded, 
deeply  imbricating,  and  nonnallj  devoid  of  the  f^noine  layer,  which,  however, 
occasionally  recurs  on  the  scales  of  Shaodopsa  and  the  fin-raje  of  Gyroptifckiui. 

What  ihen  of  the  structure  of  the  paired  fine  ?  Fortunately  in  the  ILhiEodont 
genera  Trutichoptrru»  and  EuethenopteroTt  the  internal  skeleton  of  the  lobe  was 
OBsi&ed,  and  what  we  see  clearly  exhibited  in  the  pectoral  of  some  apecimens  ia 
atribing  enough.  We  have  a  basal  piece  attached  to  the  shoulder-girdle  and 
followed  b^  a  median  axis  of  four  ossicles  placed  end  to  end.  The  first  of  these 
shows  on  Its  postoxial  margin  a  strong  projecting  process,  while  to  its  preaxial 
side,  close  tn  its  distal  extremity,  a  small  radial  piece  is  obliquely  articulated,  and  a 
similar  one  is  jnined  abto  to  the  aecood  and  third  segments  of  the  axis.  The 
arrangement  in  the  ventral  fin  is  essentially  aimilar. 

In  fact  we  have  in  the  Rhizodontid»  a  short  uni^erial  '  archipterygium,'  and 
the  ([ueation  i?,  Has  this  been  formed  by  the  shortening  up  and  d^eneration  of  an 
originally  elongated  and  biserial  one,  or  on  the  other  hand  do  we  find  here  a 
condition  in  which  the  stage  last  referred  to  has  not  yet  been  attained  F  This 
question  ta  inseparable  fi'om  the  next,  whether  the  Rmzodonts  or  the  Holopty- 
cbians  form  the  moat  advanced  type. 

The  IIoLoptycbiidce  resemble  the  Uhizodontidte  extremely  closely  in  their  external 
head -bones,  in  their  rounded,  deeply  imbricating  scaleii,  and  in  the  farm  andanange- 

it  oi'  their  median  fins.    IJut  the  teeth  show  a  more  complex  and  specialised 

cture  than  those  of  the  Rhiiodontidse  ;  the  simple  vertical  vascular  tubes  formed 
by  the  repeated  folding  of  the  dentine  in  that  family  being  connected  by  lateral 
branches  around  which  the  dentine  tubules  are  grouped  in  such  a  way  aa  to  give  rise 
in  transverse  sections  to  a  radiating  arborescent  appearance ;  hence  the  term  '  den- 
drodont.'  In  this  respect,  then,  the  Jloloptychiidte  ahow  ao  advance  on  the  Rhiio- 
dontidie — what  iben  of  the  paired  finsP  Whiletbe  ventral  remains  subacutely  lobate, 
as  in  the  previous  family,  tlie  pectoral  has  now  assumed  an  elongated  acutflif  lobaU 
shape,  with  the  tin-rays  arranged  alon^  the  two  wdes  of  a  central  scaly  axis  exactly 
as  in  the  Dipnoi ;  and  though  the  mtemal  skeleton  has  not  yet  been  seen,  yet, 
judging  by  analogy,  we  cannot  escape  the  heUef  that  it  was  in  the  form  of  a 
complete  biserial  '  archipterygium.' 

What,  then,  i'  the  condition  of  affairs  in  the  oldest  known  Bipnoan  P 

The  oldest  member  of  this  group  with  whose  configuration  we  are  acquainted  is 
DipleriUjVhicb  likewise  appears  in  the  middle  of  the  Devonian  period  umultajieouslj 
with  the  Ustenlepidie,  HliiEodontidfe,  and  Holoptychiida.  In  external  form  it 
closely  resBmhlea  a  Holoptycbian,  having  a  beterocercal  caudal  tin,  two  similarly 
placed  dorsals,  one  anal,  and  circular  imbricating  scales,  which,  however, 
have  the  exposed  part  covered  with  amootb  ganoine.  But  now  we  have  the 
ventrals  as  well  aa  the  pectorals  acutely  lobate  in  shape,  and  presumably  archi- 
pterygial  in  structure ;  the  top  of  the  head  ia  covered  wicn  many  small  plate«,  there 
IB  no  longer  a  dentigerous  maxilla,  the  skull  ia  autostylic,  and  Uie  palatopterygoida 
and  the  mandibular  splenial  are  like  those  of  Ceratodui  and  bear  each  a  tooth-plate 
with  radiating  ridges. 

Now,  comparing  Dipttru*  with  the  recent  Ceratodtu  and  iYotoptena,  the  fint 
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conclorion  we  ue  likelj  to  draw  is,  that  the  older  Dipooan  U  a  verj  apecialiBad 
form,  that  its  hetaracercal  tul  and  separate  doraols  and  anal  are  due  to  Bpecialisa- 
tinn  from  the  cootinuoua  diphjcarcal  doiao-anO'CaudBl  airangemeDt  iu  the  recent 
forms,  that  the  noloptjcbiidia  were  developed  from  it  bj  shorteuiDg  up  of  the 
TeDtrol  archipterj^um,  as  well  as  by  the  changes  in  cranial  structure,  and  that 
the  HbizodoDtidffi  and  Oateolepids  are  a  still  more  specialised  series  in  which  the 
pectoral  archipterjgium  has  also  shared  the  (nte  of  the  ventral  in  becoming 
shortened  up  and  uniserial. 

Five  joars  ago,  however,  M.  Dollo,  of  the  Natural  History  ftluseum  at 
Brussels,  the  well-known  deacriber  of  the  fosail  reptiles  of  BemisMit,  proposed  a 
new  view  to  the  effect  that  the  process  of  evolation  had  tione  exactly  in  the 
opposite  direction ; '  and  after  Ions  consideration  of  the  subject  I  find  it  difficult  to 
escape  from  the  conclusion  that  this  view  is  more  in  accordance  with  the  facts  of 
the  case,  though,  as  we  shall  see,  it  also  bae  ita  own  difficulties, 

I  have  already  indicated  above  thatwe  are,  on  account  oftbe  more  specialised 
structure  of  the  teeth,  justitied  in  considering  the  Holoptycbiana,  with  their 
acutely  lobate  pectorals,  a  newer  type  than  the  Rhijiodonte,  even  though  they  did 
not  survive  so  toog  in  geological  time.  What,  then,  of  the  question  of  autostyly  F 
We  do  notknowthesuspensorimnof  ffo'opfycAiW,  butthacof  the  R^iiodontids 
was  certainly  hyostylic,  as  in  the  recent  Potmteria.  Now  as  there  can  be  do  doubt 
that  the  autoatylic  condition  of  akuU  is  a  specialisation  on  the  hyostylic  form,  as  seen 
also  in  the  ChimiBToids  and  in  the  Amphibia,  to  suppose  that  the  hyostylic 
CroBsopteryg^i  were  evolved  from  the  autost^lic  Dipnoi  is,  to  say  the  least,  highly 
improbable ;  in  my  own  opinion,  as  well  as  m  that  of  U.  Dollo,  it  will  not  stand. 
And  if  we  assume  a  genetic  connection  between  the  two  groups  it  is  in  accordance 
with  all  analogy  to  look  on  the  Dipnoi  as  the  children  and  not  as  the  parents  of 
the  Orossopterygii. 

H.  Dollo  adopts  the  opinion  of  Messrs.  Balfour  and  Parker  that  the  apparently 
mitiva  diphjcercal  form  of  tail  of  the  recent  Dipnoi  is  eecondary,  and  caused 
the  abortion  of  the  termination  of  the  vertebral  axi^i  as  in  various  'Teleostei,' 
that^o  argument  cai<  be  baaed  on  the  supposition  that  it  represents  the  original 
'  piotocercal '  or  prebeterocercal  stage.  Veir  likely  Chat  is  so,  but  it  is  not  oF  so 
much  Importance  for  the  present  inquiry,  aa  both  in  the  Osteolepidaj  and  Rhizodon  - 
tidee  we  find  among  otherwise  closely  allied  genera  some  which  are  heterocercal, 
others  more  or  less  diphycercal.  Dijiloptertu,  for  example,  dilfers  from  Thureiu* 
only  by  its  diphycercal  tail,  and  in  like  manner  among  tbe  Rhizodontidce  Tritti- 
ehoptenti  is  heterocercal,  Etitthenopteron  is  nearly  diphycercal,  and  there  can  be  no 
doubt  that,  in  spite  of  this,  their  caudal  fins  are  perfectly  homologous  structures. 

But  of  special  interest  is  the  question  of  the  primitive  or  non-primitive  nature 
of  tbe  continuity  of  the  median  fins  in  the  recent  Dipnoi.  Like  others  I  was 
inclined  to  believe  it  primitive,  and  that  tbe  broken-up  condition  of  these  £na  iu 
Siplerut  was  a  subsequent  specialisation,  and  in  fact  gave  the  series  PhaneropUurim, 
Seaxtmenacia,  Dipterua  maeropterui,  and  D.  Fahncitnneeii  as  illustrating  this 
process  of  differentiation."  This  view  of  course  draws  on  the  imperfection  of  the  . 
geological  record  in  assuming  the  existence  of  ancient  pre-Dipterinn  Dipnoi  with 
continuous  median  fins,  which  iiave  never  yet  been  disuovered.  But  Dollo,  using 
the  very  same  series  of  forms,  showed  good  reason  for  reading  it  in  exactly  the 
opposite  direction. 

The  series  is  as  follows ; — 

1.  Dipterus  Valenciennesii  Sedgw.  and  Uurcb.,  from  tbe  Orcadian  Old  Bed, 
and  the  oldest  Dipnoan  with  whose  shape  we  are  acquainted,  has  two  dorsal  fins 
with  thort  bases,  a  heterocercal  caudal,  and  one  short-based  anal. 

2.  DipteTMt  maeroptenu  Traq.,  from  a  somewhat  higher  horizon  in  tbe 
Orcadian  series,  has  the  base  of  tbe  second  dorsal  much  extended,  the  other  fins 
remaining  as  before. 
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the  first  dorsal  bus  ndvanced  considerably  tow&rda  the  L 

become  elongated,  while  the  second  biu  beoome  still  laiger  aod  more  eitendtd, 

though  still  distinct  from  (he  c&udftl  posteriorly. 

4.  In  PhaTm-oplfWon  Andmoni  Huiley,  from  the  Upper  Old  Red  of  Kfe- 
shire,  the  two  dotsiil  fins  are  now  fused  with  each  other  and  with  the  c»udil, 
forming  a  ^ong  cantimioue  fin  along  the  dorsal  mar^n,  while  the  tail  hiM  become 
nearly  diphycercal,  with  elongation  of  the  base  of  the  lower  division  of  ^e  Go. 
But  the  anal  still  remains  separate,  narrow,  and  short -based. 

6.  In  the  Carboniferous  Uronema*  lobatut  Ag.  the  anal  is  now  also  abaorbed 
in  the  lower  diTisioa  of  the  caudal,  forming  now,  likewise  on  the  hemal  aspect,  ■ 
continuous  median  fin  behind  the  ventrals.  There  is  alia  a  last  and  feeble  rsnmant 
of  a  tendency  to  an  upward  direction  of  the  extremity  of  the  vertebral  axis. 

6.  In  the  recent  Ceratodvt  ForHrri  Kreffr,  the  tail  is  diphycercal  (seeoadarj 
dipliycercj),  the  median  fins  are  continuous,  the  pectorals  and  Tentrala  retain  the 
biserial  archipterygium,  but  the  craninl  mof-booes  hare  become  few. 

7,  In  Protopterut  annectens  Owen,  the  body  is  more  eel-like,  nod  the  paired 
finfl  baTs  lost  the  lanceolate  leaHike  appearance  which  they  ahow  in  Ceratodia 
and  the  oilier  Dipnoi.  They  are  like  slender  filaments  in  shape,  vith  a  &inge  on 
one  ude  of  minute  dermal  rays ;  inteTnally  they  retain  the  central  jointed  axis  of 
the  'archipterygium,' but  according  to  Wiedersheim  the  radiab  are  gone,  except 
it  may  be  one  pair  at  the  very  baae  of  the  filament. 

B,  Finally  m  Lfpidoairen  paradoxa  Fitz.  the  paired  fins  are  still  more  redncad, 
having  become  very  small  and  short,  with  only  the  axis  remaining. 

From  this  point  of  view,  then,  Diptenu,  instead  of  being  the  most  specialised 
Pipnoan,is  the  most  archaic,  and  the  modern  Ceratodiu,  Protmterut,  and  Lrfi- 
dosiren  are  degenerate  forms,  and  instead  of  the  Crossoptery^  beiog  the  oSspriDg 
of  IHptena-liVa  forms,  it  is  exactly  the  other  way,  the  Dipnoi  owin^  their  origin 
to  Holoplycbiidn,  which  again  are  a  specialisation  on  the  Ilhiiodontidc,  thoDf^ 
they  did  not  survive  so  long  as  these  in  geological  time.  Consequently  the 
Ceratoditt  limb,  with  its  long  median  segmented  aiis  and  laserial  arrangement  of 
radials,  is  not  an  archy pterygium  in  the  literal  eenfe  of  the  word,  but  a  deri- 
vative form  traceable  to  the  short  uniserial  type  in  the  Bhizodonts.  But  from 
■what  form  of  fin  that  was  derived  is  a  question  to  which  paiseontology  gives 
US  no  answer,  for  the  progenitors  of  the  CrosBopterygii  are  as  yet  unknown  to  ua 

Plausible  and  attractive  as  this  theory  undoubtedly  is,  and  though  it  i^lierai 
the  palieontologist  from  many  difficulties  which  force  tbemselvee  upon  his  miad 
if  be  tries  to  abide  by  the  belief  that  the  Bipnoan  form  of  limb  had  a  eelachian 
origin,  and  was  in  turn  handed  on  by  them  to  the  CroSEopterygii,  jet  it  is  not 
without  its  own  stumbling.blocks. 

First  aa  to  the  dentition,  on  which,  however,  M.  Dollo  does  not  seem  to  pot 
much  stress,  it  is  impossible  to  derive  Diptfrns  directly  from  the  IloloptychiiOK, 
unless  it  suddenly  acquired,  as  so  many  of  us  have  to  do  as  we  grow  older,  a 
new  set  of  teeth.  The  dendrodont  dentition  of  Holoptychius  could  not  in  any 
way  be  transformed  into  the  ctenodont  or  ceratodont  one  of  Diptmu :  both  are 
highly  specialised  conditions,  hut  in  difTerect  directions.  Semon  has  recently 
shown  that  the  tooth-plates  of  the  recent  Ceratodiu  arise  Irom  tbe  concreaceoce  <u 
numerous  small  simple  conical  teeth,  at  first  separate  from  each  other.'  Nov 
this  stage  in  the  embryo  of  the  recent  form  represenlii  to  Fome  extent  tlie  con- 
dition in  the  Uroneioidie  of  the  Carboniferous  and  Lower  Permian,  which  stand 
quite  in  the  middle  of  Dollo's  series. 

Again,  the  idea  of  the  origin  of  the  Dipnoi  from  the  Crossopterygii  in  ths 
manner  fetched  above  cuts  off  every  thought  of  a  genetic  connection  between 
the  biserial  archipterygium  in  them  and  in  the  Pleuracanthidte,  so  that  we  should 
have  to  believe  that  this  very  peculiar  type  of  limb  arose  independently  in  the 
Selachii  as  a  parallel  development.  It  may  be  aaked,  Why  not  P  AVe  may  feel 
perfectly  assured  that  the  antostylic  condition  of  the  skull  in  the  Uolooephifi 
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axonB  independentl;  of  that  in  the  Dipnoi,  as  did  likewise  *  certkia  amount  of 
Teaemblftnce  in  ttiedr  dentition.  But  those  who  from  embrjological  grounds 
oppose  any  notion  of  tbe  onc^in  of  the  Dipnoi  from  '  Ganoids '  ntig-ht  here  aay,  if 
the;  chose,  If  so,  why  should  not  also  the  same  Ibrm  of  limb  have  been  inde- 
peodentlj  evolved  in  urossopterv^i  ? 

Accordingly,  while  philosophic  paleontology  is  much  indehted  to  M,  Dollo  for 
his  brilliant  essay,  and  though  we  must  agree  with  him  in  many  thinsa,  such  as 
that  the  Orossoptengii  were  not  derived  from  the  Dipnoi,  and  that  the  modern 
representatives  of  the  latter  group  are  degenerate  forms,  yet  as  to  the  immediate 
ancestry  of  the  IKpnoi  themselves,  and  the  diphyletio  origin  of  the  so-called 
archipterygium,  we  had  best  for  the  present  keep  an  open  mind. 

In  his  '  Catalogue  of  the  Fossil  Fishw '  in  the  British  Museum  (vol.  ii.  1891) 
Dr.  Smith  Woodward,  following  the  suggestion  of  Newheny  in  1S7(3,  classified  the 
Coccosteans  or  '  Artbrodira'  as  anextremely  specialised groupof  Dipnoi.  At  first 
I  was  mach  taken  with  that  idea,  but  after  looking  more  cloeelj'  into  the  subject 
I  beyan  to  doubt  it  extremely.  My  own  opinion  at  present  is  that  the  Coccosteans 
are  Teleostomi  belonging  to  the  next  order,  Actinopterygii;  but  Frof.  Bashford 
Dean,  of  New  York,  will  not  have  them  to  be  even  '  fishes,'  but  places  them  in  a 
distinct  class  of  '  Artbrognatha,'  which  he  places  next  to  the  Ostracopbori 
( 1=  Oatncodermi),  even  hinting  at  a  possible  union  with  them,  whereby  the  old 
'  Placodennsta '  of  McCny  would  be  restored.  It  will,  tfaerefore,  be  better  to  letve 
them  out  of  consideration  for  tbe  present,  pending  a  thorough  re-examination  of 
their  structure  and  affinities. 

We  come  then  to  the  great  order  of  Actinopterrgii,  to  which  a  large  number 
of  the  fishes  of  later  Falsozoic  age  belong,  as  well  as  the  great  mass  of  those 
of  Mesozoic,  Tertiary,  and  Modern  times.  Of  these  wa  first  take  into  considera- 
tion the  oldest  sub-order,  namely,  the  Acipenseroidei  or  Sturgeon  tribe,  iu  which 
the  dermal  rays  of  the  median  fins  are  more  nuaeroua  than  their  supporting 
ossicles,  while  tbe  tul  is,  in  most,  completel}'  lieterocercal.  And  the  oldest  family 
of  Acipenseroids  with  which  we  are  acquainted  is  that  of  the  Palffioniscidte, 
which,  in  addition  to  we  11 -developed  cranial  and  facial  bones,  has  the  body 
normally  covered  with  rhombic  ganoid  scales  furnished  with  peg-and -socket  articu- 
lations. Of  this  family  one  genus,  CMrolepit,  appenrs  in  the  same  Devonian  strata 
(Orcadian  series)  with  the  earliest  known  Crossopterygii,  and  of  its  immediate 
ancestry  we  know  no  more  than  we  do  of  tbeirs.  Cheirolepii  is  a  fully  evolved 
palieomscid,  as  shown  by  its  oblique  suspensorium,  wide  gape,  and  other  poiuta 
of  its  structure.  In  the  Lower  Carboniferous  rocks  of  Scotland,  where  the  family 
attains  an  enormous  development,  we  6nd  one  or  two  genera,  e.ff.  Canobiut, 
which  appear  less  specialised,  as  the  Buspensorium  is  nearly  vertical,  and  the 
mouth  consequently  smaller. 

This  family  endures  up  to  the  Purbeck  division  of  Uie  Jurassic  formation,  and 
in  tbe  Carboniferous  Cryphiolepis,  the  Lower  Permian  Trittolepit,  and  the  Jurassic 
Coccolepit  we  find  the  some  degeneration  of  tbe  rhombic  scales  into  those  of  a 
circular  form  and  imbricating  arrangement,  which  we  find  repeated  in  other  groups 
of  'Oanoids,'  In  fact,  in  one  Carboniferous  genus,  Phanerotteon,  the  scales 
disappear  altogether  with  the  exception  of  those  on  the  body  prolongation  in  the 
upper  lobe  of  the  caudal  fin,  and  a  few  just  behind  the  shoulder- girdle. 

And  in  these  I'alieozoic  times  we  notice  also  a  side  branch  of  the  Palfeoniscidte, 
constituting  tbe  family  Platysomidse,  in  which,  while  tbe  median  fins  acquire 
elongated  bases,  the  body  becomes  shortened  up  and  deep  in  contour.  The  scales 
become  high  and  narrow,  their  internal  rib  and  articular  spine  coincident  with  the 
anterior  ma^n ;  the  suspensorium,  too,  instead  of  swinging  back  as  in  the  typical 
I'aieoniacidffi,  tends  to  be  directed  obliquely  forward,  while  the  snout  becomes 
simultaneously  elongated  in  front  of  tbe  nares. 

A  most  interesting  series  of  forms  can  be  set  up,  beginning  with  Eunjnotut, 
which,  thoDgh  it  has  the  platysomid  head  contour  and  a  long-baaed  dorsal,  has 
only  a  slight  deepening  of  the  body,  and  still  retains  tbe  paleeoniscid  squamation 
and  a  BbOTt^based  anal  fin.  In  Metokpis,  which  resembles  Eiuynotutia  shape, 
being  only  slightly  deeper,  we  hare  now  the  characteristic  platysomid  s^uanialioD, 
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and  thebue  atiba  anal  fin  ii  coDBidenblj elonfpiited.  P^tmomvfbM  Astillmon 
elongated  anal  flu,  and  the  bod;  ia  rhombic ;  vrhile  in  Chtiradui  the  bodj  i*  BtiO 
deeper  in  cuntouT,  with  peculiar  dorsal  and  Teatral  peaka,  long  triomig  Atatal  and 
anal  fins,  while  the  ventrals  teem  to  have  disappeared  altogether.  Here  also,  aa  in 
the  allied  ^nua  CieirodoptU,  the  separate  cjundnxonical  teeth  characteristic  of 
the  family  are,  on  the  pnlatal  and  splenial  hones,  replaced  by  dental  plates,  remind- 
ing ua  of  those  of  the  Dipnoi.  Certainly  the  Platysomids  seem  to  me  to  form  a 
morpholoftical  series  telling  as  stronglj  in  iaTOur  of  Descent  aa  any  other  in  the 
domain  of  palteontology.' 

If  we  nuw  letom  to  the  Palteoniacidn  we  find  that  the;  dwindled  away  in 
DOtnbers  in  the  Jurassic  rocks,  and  finally  became  extinct  at  the  close  of  that 
epoch.  But  already  in  the  XJaa  (leaving  the  TriaAsic  Catopteridfe  oat  of  conndera- 
tion  for  the  present)  we  find  that  they  have  sent  ofT  another  ofishnot  sufficiently 
distinct  to  be  reckoned  aa  a  new  and  separate  family,  namely,  the  ChondrOBteidn, 
in  which  the  path  of  degeneration,  in  all  but  the  matter  of  size,  seems  to  have  been 
entered  on. 

In  the  genns  ChondroiUuM,  though  the  palteoniscid  type  ia  clearly  traceable 
in  the  cranial  structure,  there  is  marked  degeneration  as  r^ards  the  amount  of 
onification,  and  though  the  suspeneorium  is  still  obliquely  directed  backward  the 
toothless  jaws  are  comparatively  short,  and  the  mouth  seems  now  to  have  become 
tucked  in  under  the  snout  aa  in  the  recent  sturgeon.  Than  the  scales  have  entirely 
disappeared  from  the  skin  except  on  the  upper  lobe  of  the  heterocercal  caudal  fin, 
where  they  are  still  found  arranged  exactly  as  in  the  Palnoniecidre. 

Chtmdroataui  in  fact  conducts  us  to  the  recent  Acipenseroids — the  Foly- 
odontidie  (Paddle-fishes)  and  Acipenseiids  (Sturf^na). 

The  first  of  these  resembles  Chondrotteu*  in  the  nakedness  oi  the  skin,  except 
on  the  upper  lobe  of  the  caudal  fin,"  the  more  palKoniscid  aspect  of  the  external 
cranial  plates,  such  of  them  as  remain,  for  they  are  now  still  further  reduced.  But 
in  firont  of  the  mouth  and  eyes  there  is  oif  addition  in  the  form  of  an  enormous 
Terticolly  flattened  paddle-«haped  snout  covered  above  and  below  with  a  large 
number  of  small  oasilications. 

The  sturgeons  have,  however,  nearly  altogether  lost  the  palteonisdd  amoge- 
ment  of  the  cranial  mof-bones,  which,  strange  to  say,  now  einibit  on  arranKement 
reminding  us  of  that  in  Dipterta,  and  the  external  facial  plates  are  still  more 
reduced  than  even  in  Folyodon ;  but  we  may  note  a  very  strong  reaemblance  to 
Chondroateiu  in  the  position  of  the  mouth,  the  edentulous  jaws,  and  the  jugal 
bone,  indeed  also  in  the  palatal  apparatus. 

So  the  sturgeons  and  paddle-fishea  of  the  present  day  would  seem  to  be  the 
deffenerate,  though  bulky,  descendants  of  the  once  extensively  developed  group  of 
PaJieoniscidie,  even  aa  the  modern  Dipnoi  ore  degenerated  ^m  those  of  lUcoioic 

We  now  notice  another  apparent  offeboot  of  the  Psheoniscids,  namely,  the 
family  of  Catopteridee  (Caiopterui  and  ZUctyopyge),  which  is  limited  to  rocks  of 
TriarsLC  age.  Unfortunately  the  osteology  of  the  head  is  not  well  known,  but  Dr. 
Smith  Woodward's  observations  are  to  the  effect  that  both  the  head  and  shoulder- 
girdle  are  of  palceociscoid  type.  The  relationship  of  these  small  fishes  to  the 
Pateoniscidw  is  shown  by  the  general  shape,  the  number  and  posilian  of  the  fins, 
the  rhombic  ganoid  scales,  and  the  close  arrangement  of  the  rays  of  the  median 
fins.  But  the  rays  of  the  dorsal  and  annl  fins  are  now  almost  e<jual  in  number  to 
their  supporting  ossicles,  and  the  tail  has  become  only  abbrevtate  heterocercal. 
That  is  to  say,  the  caudal  body  prolongation  no  longer  proceeds  to  the  termination 
of  the  upper  lobe,  nhich  is  reduced  in  size  and  in  the  number  of  its  rays.    The 

■  B.  H.  Traqnoir,  '  Structure  and  Affinities  of  the  Flatysomidte,'  Awu.  Bog.  Sie. 
J^in.  iiix,  1879.  pp.  313-391. 

'  Collinge  haf,  however,  found  rudimentary  scales  in  the  skin  of  the  recent 
Polydon  folium  (Jaum.  Anat.  and  Phj/i.  ii.  pp.  ISS-iBI),  and  Cope  bos  described  an 
allied  Eocene  genus,  Crouaphotu,  in  which  minute  scales  are  8«en  (Men.  tM.  Ae«4, 
Bcimcet,  iii.  1S86,  pp.  161-163), 
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Cstopterida  m  obvioiuly  an  annectent  groap,  aa,  alUiougb  from  thni  abbKTiata 
heterocercal  tail  they  have  lunally  beea  placed  in  tha  next  sub-order,  Dr.  Smith 
Woodward  prefers  to  look  upon  them  as  Chondnwtei  (t.«.  Acipenaeniidei).' 
"Wherever  we  place  them  thej  express  the  banning  of  a  set  of  changes  towards 
a  more  roodem  tjpe  of  fish,  which  are  emphasised  ia  tha  great  seriaa  of  Lepidos- 
teoid  fishes  (Protospondjli  -i-  ^theoepondjli  of  Smith  Woodward),  being  the  flahes 
mora  or  lesa  allied  to  the  recent  Bonj  Pike  of  North  America. 

But  theee  changes  must  have  been  well  advanced  before  the  Trtaaslo  era,  for 
already  in  the  Upper  Permian  occurs  the  genus  Aomtrophona,  whose  fellowship 
with  Semionotut,  Lepidotut,  and  all  the  rest  of  the  series  of  Ueaoioio  semi-hetero- 
cereal '  Oancnds'  is  at  once  obvious. 

If  we  look  St  the  configuration  of  a  tjpical  Jurassic  member  of  this  series,  such 
as  LepiJotiu  or  .Evgnathut,  we  shall  at  once  see  that  we  are  a  stage  nearer  the 
modern  oasaous  fish.  Though  the  scales  are  bony,  rhombic,  and  ganoid,  vra  are 
struck  b;  the  '  Teleostean  -like  aspect  of  the  ezteroal  bones  and  plates  of  the 
head,  the  rays  nf  the  dorsal  and  anal  fins  are  fewer  and  correspond  in  their  number 
to  that  of  the  internal  supports  or  '  int«rapinouH '  boues,  wMle  in  the  caudal  we 
eee  agun  the  semi-beterocercal  or  abbreviate-heterocarcal  condition  we  noticed 
above  in  Cati^terug, 

Then  if  we  refer  to  the  tail  of  Lepidotteut  itself  we  shall  observe  how  few  are 
ita  rays  and  how  evident  it  is  that  we  have  here  to  do  only  with  the  lower  lobe  of 
theorJginalpalfeoDigcnid  caudal  fin.  For  aconvincingcorroborationofthiswehave 
only  to  look  at  the  tail  of  the  embryo  LepidosUm  as  described  and  fifci'red  by 
Prof.  A.  Agassiz  to  see  that  it  in  reality  passed  through  an  Acipeoaertud  stage, 
and  the  last  we  see  of  the  upper  lobe  of  this  tail  is  in  the  form  of  a  filament 
which  projects  from  the  top  of  the  original  lower  lobe  and  then  disappears. 

Again,  in  these  Lepidosteid  forms  we  have  a  repetition  of  the  same  tendency 
for  the  thick  rhombic  peg-and-eocket  articulating  scales  to  become  rounded  and 
imbricating  as  we  saw  in  the  Crossnpterygii  and  again  in  the  Pa!»oni«cidffi.  So, 
for  instance,  in  Caturut,  which  has  been  shown  by  Dr.  Smith  Woodward  to 
raeemble  Evgnathut  so  closely  in  structure,  the  scales  are  deeply  overkpptQp-,  and 
most  of  them  '  cycloidal '  in  shape.  To  auch  an  extent  doea  this  go  that  in  the 
recent  Atma,  whose  skeletal  structure  so  clearly  shows  it  to  belong  to  this  group, 
the  rounded  scales  are  so  thin  and  flexible  that  after  it  was  redoved  from  the 
Clupeoid  family,  or  Herrings,  and  placed  among-  the  'Ganoids,'  it  was  considered 
tone  the  type  of  a  distinct  aub-order  of  'Amioidei.'  Ten  years  ago,  however. 
Dr.  Beard  came  to  the  conclnsion,  from  anatomical  and  embryoli^cal  data,  that 
this  division  could  no  longer  be  maintained,  and  that  the  Amioids  must  in  fact 
be  united  with  the  Lepidosteids.'  Dr,  Smith  Woodward  baa,  therefore,  in  the 
third  volume  of  his  catalogue,  done  well  to  reduce  the  '  Amiddei'  to  the  rank 
of  a  family,  including  also  the  Jurassic  genera  Liodegmut  and  Megalurut,  and  to 
place  this  family  rlose  to  the  Eugnathidce. 

As  the  Acipenseroids  dwindled  away  after  the  close  of  the  great  Paleozoic 
era,  and  are  now  scantily  represented  only  by  the  degenerate  paddle-fishes  and 
Bturgnons,  so  the  Lepidosteid  series,  flourishing  greatly  in  the  Trias  and  Jura,  in  their 
turn  declined  in  the  Cretaceous,  and  in  the  Tertiary  period  became  about  as  much 
a  thing  of  the  past  as  they  are  now,  the  North  American  LeptdotUut  and  Afwia, 
of  which  remaiDS  of  extinct  species  have  also  been  found  in  Eocene  and  Miocene 
rockf ,  only  remuning.  These  two  genera  can,  however,  hardly  be  called '  degenerate.' 

But  that  the  fishes  which  succeeded  the  Lepidosteids  in  populating  the  seas 

'  Dr.  Smith  Woodward  also  refers  Ihe  singular  Belonorhynchidm  of  (he  Trias  to 
the  same  snb-order  on  account  of  the  excess  of  the  nnmber  of  the  dermal  rays  of  the 
dorsal  and  anal  over  that  oE  their  sapporting  otaiclea,  even  althongh  the  tail  is  hero 
abbreviate  diphycercal. 

*  'The  Intei-relationshtps  of  the  lohthyopsida,'  Anatomiuher  Anxtiger,  IBM. 
Smith  Woodward  arrived  at  the  same  result  in  1893  from  the  study  of  the  Jnn«aio 
genera  Lepidvtvt  and  Da^tdivt.    See  Proe.  Zocl.  Boo.  Loud.  June  2Dv  1898,  pp,  0S9- 
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and  rivers  of  the  gloHe  were  evoked  from  tlietn  there  can  be  no  reasonable  doubt, 
-while  it  is  equally  clear  thnt  the;  branched  olf  at  an  eari;  period,  as  already  in 
the  Trias  we  find  the  Urst  representatives  of  the  ordPT  'of  IsoapondylL,  which 
contains  our  familiar  Herrings,  SaltnonidB,  Elopids,  Scopelids,  &c.  For  Dr.  Smith 
Woodward  has  not  only  definitely  placed  the  Juraisic  Leptolepidie  and  Oligo- 
pleuridn  in  the  leospondylJ,  but  also  the  Fholidopboride,  which  appear  in  the 
Trios  and  extend  to  the  Purbeclc.  And  it  is  of  Bpecial  interest  that  in  the 
Pholidophori  the  scales  are  Btill  hrilliantly  ganoid  and  mostly  retain  the  peg--(uid- 
Bocket  articulation,  while  in  the  ellied  Leptolepidie,  although  they  have  become 
thin  and  circular,  a  layer  of  i^iioiiie  mostly  remainR. 

With  the  Isospondjli  we  now  gel  f^rly  among  the  hony  fishes  of  modern 
type — Teleostei  an  we  used  to  call  them — to  which  other  aub-ordere  are  added  in 
CretaceouR  and  Tertiary  times,  and  irhich  in  the  preaent  day  have  assumed  an 
overwhelming  numerical  preponderance  over  all  other  fishes.  The  prevalent  form 
of  scale  among  these  in  thin,  rounded,  deeply  imbricating,  and  with  the  posterior 
margin  either  plain  (cycloid)  or  serrated  (ctenoid),  lint  tliat  thesa  'cvcloid  *  and 
'ctenoid'  scales  are  modifications  from  ihe  rhambic  osseous  'ganoid'  type  'we 
cannot  doubt  after  what  we  have  seen.  It  is  indeed  strange  that  the  same 
tendency  ti  the  change  of  rhombic  into  circular  overlapping  scales  ebould  have 
occurred  independently  in  more  than  one  group. 

For  reasons  given  at  the  beginning,  and  also  because  I  fear  I  have  already 
exceeded  the  limit  of  time  usually  allotted  to  euch  an  Address,  I  must  now  atop. 

But  in  conclusion  I  may  allude  to  a  well-known  fact  regarding  the  tail  of 
these  modern  fishea,  the  bearing  of  which  on  the  doctrine  of  Descent  ia  sufficiently 
clear  and  has  long  been  recognised. 

We  have  seen  that  the  completely  heterocercal  tail  of  the  typical  Acipenaeroid 
becomes,  by  abortion  of  the  upper  lobe  and  shortening  of  the  aiia,  the  semi- 
heterocercal  one  of  the  Lepidosteids,  in  moat  of  which,  however,  the  want  of 
symmetry  is  still  perceptible  externnlly  by  a  short  projection  or  '  sinus '  of  scales 
which  is  directed  obliquely  upward  at  the  beginning  of  the  top  of  the  fin.  In  the 
ordinary  bony  fishes  and  in  some  I^pidosteids  also  the  cauda!  fin  becomes  like- 
wise symmetrica],  as  seen  from  the  outside ;  generally  also  bilobate,  though  the 
upper 'lobe  is  not  that  of  a  Palffioniscid  or  Sturgeon.  This  condition  of  tail  has 
been  long  known  as  '  homocercal.'  But  in  many  such  homocercal  taila,  when  we 
dissect  away  the  skin  and  soft  parts,  tlie  upward  bend  of  the  vertebral  axis  is 
revealed,  and  in  some,  as  in  the  Salmon,  the  extremity  of  the  vertebral  axis  is 
continued  as  a  cartilaginous  style  among  the  rays  near  the  upper  margin  of  tbe  fin. 
But  there  are  many  others,  such,  for  instance,  as  the  peculiarly  specialised  group  of 
PleuTonectidfB  or  flat  fishes,  in  which  the  skeleton  of  the  caudal  extremity  looks 
quite  symmetrical,  but  yet  in  the  embryo  the  extremity  of  the  notochord  is  seen 
to  have  an  upward  bend,  showing  that  the  homocercal  tail  ia  indeed  a  specialisa- 
tion on  the  old  heterocercal  one.  It  is  strange  that  though  this  embryole^cal 
fact  was  long  ago  pointed  out  by  Agassiz,  and  though  he  noted  ita  grest  interest  in 
connection  with  tbe  prevalence  of  heterocercr  among  the  FalFeozoic  fishes,  yet  he 
remained  to  the  end  an  opponent  of  evolution.  But  this  is  just  one  of  these 
instances  in  which  Phylogeny  and  Ontogeny  mutually  illustrate  each  other. 
Why,  otherwise,  should  the  tail  of  the  embryo  stickleback  or  fiounder  be  hetero- 
cercal f 

Incompletely  as  I  have  treated  the  subject,  it  cannot  but  be  acknowledged 
that  tbe  paleontology  of  fishes  is  not  less  emphatic  in  tbe  support  of  Deocent 
than  that  of  an^  other  diviuon  of  the  animal  kingdom.  But  in  former  days  the 
evidence  of  fossil  ichthyology  was  by  some  read  otherwise. 

It  is  now  a  little  over  forty  years  since  Hugh  Miller  died :  he  who  was  one 
of  the  first  collectors  of  the  fossil  fishes  of  the  Scottish  Old  Red  Sandstone,  and 
who  knew  these  in  some  respects  better  than  any  man  of  his  time,  not  excepting 
Agassiz  himself.  Yet  his  life  was  spent  in  a  fierce  denunciation  of  the  doctrine 
of  evolution,  then  only  in  its  LamarcKian  form,  as  Darwin  had  not  yet  electrified 
the  world  with  hia  '  Oricin  of  Species.'  Many  a  time  I  wonder  greatly  what 
Hugh  Miller  would  have  Uiought  bad  be  lived  a  few  years  longer,  so  as  to  have 
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twen  able  to  see  the  remarkfibla  revolution  wliicli  was  wrougbt  by  tbe  publication 
of  that  book. 

The  mitin  nrgunient  on  which  Miller  rested  was  the  '  liif^h '  state  of  orji^iiiaa* 
tioD  of  the  Bncieot  tishi'B  of  the  Palieozoic  formatioos,  and  tbiswas.appareotlf  com- 
bined with  a  cocfidtiDt  assumption  of  the  completeness  of  the  geological  record. 
As  to  the  first  idea,  we  know  of  course  tbat  evolution  meaas  the  passage  from 
the  more  ^neral  to  the  more  special,  and  that  a!thou(;h  as  the  general  result  an 
onward  advance  has  taken  place,  jet  special  i  sat  ion  does  not  always  or  necesflarily 
mean  'liighneas'  of  orfranisatiou  in  the  sense  in  which  the  term  is  usually 
employed.     As   to  the  idea  of  the  perfeclion  of  the  geological  record,  ttiat  of 

We  do  not  and  cannot  know  the  oldest  Gahes,  as  they  would  not  have  had  hard 
parts  for  preservation,  but  we  may  hope  to  come  to  know  many  more  old  ones, 
and  older  ones  still,  than  we  do  at  present.  My  experience  of  the  subject  of  fossil 
ichthyolc^y  is  that  it  is  not  likely  to  become  exhausted  in  our  day. 

We  are  introduced  nt  a  period  far  back  in  geological  history  to  certain  groups 
of  fishei  some  of  which  certainly  are  high  in  organiratioD  as  animals,  but  yet  of 

Sineralised  type,  being  fishes  and  yet  having  the  pottiutiality  of  higher  forms. 
ut,  because  their  ancestors  are  unknown  to  us,  thiit  is  no  evidence  that  Ihey  did 
not  exist,  and  cannot  overthrow  the  morphological  testimony  in  favour  of 
evolution  with  which  the  record  actually  does  furnish  us.  We  may  therefore 
feel  very  sore  that  fishes,  or  '  Hah-like  vertebrates,'  lived  long  ages  before  the 
oldest  forms  with  which  we  are  acquainted  came  into  existence. 

The  modern  type  of  bony  fish,  though  not  so  'high'  in  many  anatomical 
points  as  that  of  the  Selocbii,  Crossopterygii,  Dipnoi,  Acipenseroidei,  and 
I^epidosteoidei  of  the  Palieozoie  and  Mesozoic  eras,  la  more  specialised  in  the 
direction  of  the  fish  proper,  and,  as  already  indicated,  specialisation  and  'high- 
ness '  in  the  ordinary  sense  of  the  word  are  not  necessarily  coincidect.  But  ideas 
about  these  things  have  undergone  a  wonderful  change  since  those  pre-Dnrwinian 
days,  and  though  we  shall  never  be  able  fully  to  unravel  the  problems  concerning 
the  descent  of  animals,  we  see  many  fhinga  a  great  deal  more  clearly  now  than 
we  did  then. 


The  following  Reports  were  read  :— 

1.  Report  on  the  Bird  Migration  in  Great  Britain 
See  Reports,  p.  403. 


2.  Report  on  ike  Occupation  of  a  Table  at  tJie  Zoological  Station,  i^aplet. 
See  Reports,  p.  380. 


3.  Report  on  ike  Occupation  of  a  Table  at  the  Marine  Bii^ogieal  Labora- 
tory, Plymouth. — See  Reports,  p,  399. 

4.  Rdport  on  the  '  Index  Animalium.' — See  Reports,  p.  392, 

5.  Interim  Report  on  ths  Plankton  and  Phyeicdl  Conditions  of  the  English 
Channel.— ^^  Eeporto,  p.  379. 


6.  Tenth  Report  on  the  Zoology  of  the  SanduncJt  lelandt. 
See  Reports,  p.  398. 
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FRIDAY,  SEPTEMBER  1. 
Tlie  following  Papers  were  read  :  — 
1.  'The  Miocene  Fauna  of  Patagonia.    By  Professor  W.  B.  Soon. 


.  The  Keating  ffaHU  of  Omithorhynchus.    By  Dr.  Greoh  Wilsoh. 


mttf  Moiquitoes,    By  Major  Rohald  Eoss. 


4.  The  Nuclei  of  Dendroeomelei. 
By  Professor  S.  J.  HiCKHON,  if.A.,  S.Sc,  F.E.S. 

Plate  denied  the  existence  of  true  '  Nebeukerne,'  or  microaudei,  io  Dendm- 
cometes,  and  Schneider  was  unable  to  prove  their  eiiatence.  There  can  be  do 
doubt,  bowever,  that  such  bodies  do  occur,  and  I  have  been  able  by  the  improred 
methods  of  preaervatian  and  itaining  to  trace  alt  the  important  stages  ol  thor 
mitosiB,  Mnupaa  asserted  that  in  the  Suctoria  there  ia  only  one  micmnacleiM,  and 
that  it  is  very  snmll.  If  this  is  true  of  the  Suctoria  generally,  Dendmoometes  is 
exceptional,  aa  there  is  reMon  for  believing  that  at  least  two  and  sometimes  threa 
or  fourmicroDUclei  occur,  each  of  which  is  as  large  ae  or  la^:er  than  the  mieroiinela 
of  Paramaciun  caudatum.  During  conjugation  oae  micronucleua  f^m  sacb 
individual  passes  down  the  connecting  bar,  and  there  can  be  no  doubt  that  a 
fusion  of  micronuclei  occurs,  although  the  whole  series  of  stages  of  this  pioeesa 
has  not  yet  been  observed. 

The  macronuclei  oT  the  conjugating  individuals  are  veiy  mucb  elongated  and 
pointed  at  their  extremities.  In  aeversl  cues  I  have  observed  that  one  end  of  the 
mocronucleus  of  each  conjugating  individual  paases  down  the  connecting  bar,  and 
in  one  apecimen  an  actual  fu^on  of  the  two  macronudei  waa  seen. 

It  would  bo  premature  to  discuss  the  meaning  of  this  conjugation  of  tl» 
macronuclei  at  preaeut,  but  there  can  be  no  doubt  ot  the  bearing  or  this  fact  upon 
the  prevalent  view  that  the  conjugation  of  Infusoria  is  entirely  an  affair  of 
mtcronuclet.  At  the  end  of  conjugation  the  macronucleus  diaintegrates,  as  in  the 
Ciliata,  The  new  macronucleus,  which  makes  its  appearance  during  the  eariy 
stages  of  the  diMntegration  of  the  old  macronucleus,  is  at  first  clear,  homt^eneoQa, 
and  almost  devoid  of  chromatin.  The  chromatin  accumulates  in  it  as  the  fiig- 
menta  of  the  old  macronucleus  disintegrate. 

The  structure  of  the  macronucleus  has  been  very  carefully  reinvestigated. 
Details  of  the  results  will  be  published  later,  but  it  may  be  stated  here  that  the 
division  of  the  macronucleus  during  gemmation  is  purely  amitotic  There  are  no 
centrosomee  and  no  achromatic  spindle. 

In  this  investdgation  I  have  been  very  materially  assisted  by  Mr.  T,  J. 
Wadsworth,  of  the  Owens  College  laboratory. 

The  iron  btematoxvlin  method  of  staining  has  been  principally  used,  bat 
valuable  results  have  also  been  obtained  by  a  new  metbod  of  using  brszilm  with 

5.  Cyclopia  in  Ogseoug  Figltes.     By  Jaues  F.  Osuhill,  M.A.,  U.D. 

In  this  paper  an  outline  is  given  of  the  anatomy  of  some  mlopean  tronl 
embryos ;  the  conditions  present  are  contrasted  with  those  which  are  found  in 
BimUar  cases  among  the  higaer  animals,  and  their  general  bearing  is  briefly  discussed. 

Svmmary  of  Chiff  FoxnU  rtlating  to  Oyelcpia  in  the  Trout. 
I.  In  all  the  specimens  examined  distinct  olfactory  orgua  and  term  of 
reduced  size  are  present. 

.  .C.ooqIc 
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S.  Drop«j  of  the  central  cavitju  of  the  brain  or  of  the  meDingei  ib  remarkable 
fbt  its  aboence.  The  cerebral  lobe*  are  more  or  leee  united,  but  they  may  attua 
»  very  fair  d^j^ree  of  devebprnent,  Fioeal  growtha  are  pFsaeut  aa  in  the  normal 
condition, 

3.  Trabeeula  cranii  of  foil  length  are  present/but  they  bend  dowDwarda  so  u 
to  lie  below  the  Cyclopean  eye  or  pur  of  eyes.  ^Hiey  are  closely  Aised  together 
anteriorly  to  form  a  single  median  bar,  the  appearance  of  which  auggeats  that  in 
thit  reffion  they  have  never  been  separate. 

4.  In  some  of  the  spedmens  examined  cyclopia  is  assooated  with  absence  of 
the  mouth  opening  and  ^reat  shortening  of  the  tower  jaw  arch. 

In  theee  eaaee  the  lofondibulum  and  the  whole  pituitary  body  are  absent, 
the  basal  masse*  of  the  mid-brain  are  more  or  less  fused  toKether,  the  optic  nerres 
are  rudimentary  or  abeent,  and  the  eyes,  though  they  Lave  a  well-developed 
retina  and  choroid,  have  no  choroidal  fissure.  The  auditory  labyrinths  and  capsnlea 
on  either  side  as  well  as  the  suspeusorial  cartilages  remain,  however,  almost  ta 
widely  separate  ae  in  the  normal  condition. 


6.  On  tome  Causes  of  Brain-cof^iffwratian  in  the  Brain  o/SdaehianM 
By  Professor  B.  Bdbcsbabst. 


7.  On  the  Systemaiic  Value  of  the  Brain  in  Selaehiant. 
By  Profeesor  B.  BnROKHABDT. 


8.  On  sonts  Foinlt  in  the  lAfe-Higtory  of  the  LittorcH  Fiahe§. 
By  Professor  W.  C.  McIhtosh,  F.R.S. 

No  group  of  marine  fishes  is  better  fitted  for  the  demonstration  of  the  great 
mortality  which  ensues  between  the  period  of  the  deposition  of  the  eggs  and  the 
attainment  of  the  adult  condition  than  the  littoral  fishes,  such  as  Uie  shonny, 
Tiviparous  blenny,sea-scorpioD,  lumpsucker  (portnn),  gunnel,  fifteen-spined  stickle- 
back, and  the  five-bearded  rockling.  The  adults,  for  ustance,  of  the  ahanny  can, 
as  a  rule,  be  readily  located  in  the  pools  between  tide-marka  on  rockj  shores.  The 
adult  female  deposits  a  considerable  number  of  eggs  in  small  rocky  caverns,  and 
the  pelagic  young  abound  in  the  tidal  pools  in  August  and  September.  As  they 
increase  in  eise  ^ey  become  fewer,  not  by  spreading  themselves  in  the  ocean  or 
by  taking  advantage  of  new  sites  amongst  the  rocks,  but  bv  steady  diminution 
from  the  attacks  of  other  predatory  forms.  One  or  two  adults  alone  survive  in 
each  suitable  rock-pool.  In  the  group  under  consideration  the  conditions  of  the 
species  are  various,  the  majoritv,  however,  having  demersal  eggs,  which  in  the 
case  of  the  gunnel  are  protected  by  the  parents,  and  in  the  fifteen-epined  stickle- 
back ore  sheltered  in  a  nest,  whilst  the  rGckline-  has  pelagic  eggs,  and  the  vivi- 
parous  bleony  produces  living  youot  fully  two  mches  in  length.  The  result  is 
nearly  the  same  in  each  case,  for  the  adults  do  not,  as  a  rule,  vary  much  from 
period  to  period.  A  comparatively  large  number  of  eggs  and  young  are  necessary 
to  maintain  the  speciea,  even  though  in  our  country  there  U  no  inf stematic  ceptore 


to  maintain  the  species,  even  though  m  our 
of  any  of  them  either  for  food  or  {deosuie. 


8ATUBDAT,  SEPTSMSBS  8. 
The  following  Reports  and  Papen  were  read  :— 
I<  Report  on  the  Pht/»iological  Efeets  of  Peptone  and  iu  Preeurton 

when  tnlroduced  into  the  eircwfatum,— S  ee  Reports,  p.  467. 
1900.  3k 
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2    Oit  a  Peptic  Zymaae  in  Young  Emhn/00. 
By  Maects  Habtog,  M.A.,  D.Sc^  f.L.S. 

In  1606  I  communicated  to  the  Amoeiatiou  a  note  in  which  I  referred  iacidCDt- 
■Uy  to  the  discovery  of  a  peptic  ^mase  in  the  embryo  of  tba  frog'  at  s  stage  when 
the  mscroDieres  appear  as  a  white  plog  in  the  region  of  the  blastopore,  in  the 
entire  embrjo  of  tlie  chick  after  twenty-four  hours,  and  in  the  extmTasculai 
blastoderm  after  thrte  days'  incubation.  These  observations  were  made  by  tbe 
classic  method  of  liilliDf;  and  coagulating  with  absolute  alcohol,  drying  and 
powderiog,  extracting  with  glycerine,  precipitating  with  absolute  alcohol,  and 
ascertaining  the  properties  of  thia  precipitate  on  boiied  white  of  egg  and 
boiled  blood-Sbrin.  la  successive  years  i  obtained  only  n^ative  results.  A 
hint  from  Professor  J.  Iteynolds  Green  gave  me  the  explanation  of  these  con- 
tradictory results.  In  Iti'M  I  hud  the  valuable  assistance  of  Mr.  E.  J.  Butler, 
and  was  able  to  carry  through  eacli  Beries  of  experiments  continuously ;  while  in 
tbe  three  following  years  they  were  protracted  indefinitely.  This  spring  I  wna 
able  to  confirm  my  original  results,  changing-  my  methods  to  avoid  delay  and  con- 
sequent loss  of  zymase.  The  objects  themselves  were  killed  in  chloroform-  or 
thjmol-water  and  pounded  ;  and  instead  of  using  other  subatances  for  diges- 
tion I  contented  myself  with  the  abundant  material  of  the  vitelline  granules 
present  in  each  case  within  the  cell. 

I  relied  in  all  cases  on  the  '  biuret  test '  of  Piotrowsky,  consisting  in  warming 
the  product  of  digestion  (aiter  neutralising,  boiling,  and  tilteringto  remove  all  acid* 
albumen)  with  strong  caustic  alkali  and  a  trace  of  copper  aulphnte ;  the  pink 
coloration  reveals  the  presence  of  alhumoses  or  peptones.  On  some  occasions  tbe 
chick-blastoderm  tests  turned  yellowish  brown  as  the  temperature  continued  to 
rise,  and  on  boiling  there  was  an  abundant  dark  precipitate,  indicating  the  presence  of 
a  reducing  body.  A  lymaae  capable  of  yielding  such  a  product  has  recently  been 
described  by  Milller,  who,  however,  has  only  found  it  active  in  neutral  liquids. 

No  trace  of  any  other  ferment  has  been  found  so  far ;  it  is  noteworthy  that  all 
obaervera  are  agreed  in  the  recognition  of  a  jiejific  fennent  only  in  the  holozoic 
ProtJsta. 

Frog  embryos  kept  in  thymol  water  in  a  stoppered  jar  in  the  dark— in  a  closed 
locker — for  a  montli  bod  lost  all  digestive  properties. 

Two  important  conclosions  appear  to  follow  ;— 

1.  In  all  plants,  so  far  as  is  known,  it  has  been  shown  that  tbe  cell  cannot 
directly  utilise  the  reeerves  that  it  contains,  but  only  the  products  of  theic  hydro- 
Ivffl£ ;  and  this  hydrolysis  is  not  a  function  of  the  living  protoplasm  itself,  but  of 
the  E^moses  it  forma,  since  the  process  can  be  reproduced  in  vitro  working  with 
the  killed  cell  or  its  extract.  It  would  seem  almost  certain  that  the  same  law 
holds  good  for  the  animal  cell. 

2._  These  facts  explain  the  apparent  exception  to  the  law  of  division  at  the 
doubling  of  the  volume  formulated  by  Herbert  Spencer,  as  I  indicated  in  my 
note  of  1696.  A  cell  that  instead  of  growing  by  its  protoplasm  only  accumulates 
reserve  material  has  no  need  to  constantly  readjust  its  surface  to  its  volume. 
AVhen,  however,  the  formation  of  a  zymase  enables  it  to  utilise  ita  reserves,  and 
itu  protoplasm  grows  at  the  expense  of  the  products  of  their  digestion,  tbe  need  for 
augmented  surface  asserts  itself,  and  we  get  the  repeated  call-divisions  so  marked 
in  the  '  segmentation' of  the  embryo  and  in  other  cases  of  brood -formation.  It 
follows  also  that  two  distinct  processes  have  been  compounded  under  the  single 
t«rm  of  'ansbolism:'  (a)  the  building  up  and  storage  of  reserves;  (6)  the 
growth  of  the  protoplasm  at  the  expense  of  nourishment  from  without,  or  the 
digestion  of  the  reserves  within.  From  this  point  of  view  the  segmentation  of  the 
embryo  is  certainly  an  anaMic  process  of  the  second  category,  and  not  mainly 
catabolic,  as  usually  stated. 


n,gti7cdT:G00glc 
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S    Onihe  Mechanical  and  Chemir.al  Changes  which  lake  place  during 

the  Incubation  of  Eggs.     By  R,  Ibtims,  F.C.S. 
Six  ben'B  eggs  were  hatched  in  the  usuftl  maiiDer.    These  ej(ga  were  weighed 
duly.    The  lose  of  weight  wesprofpreaekveduriDgthe  tireDtj-oaed&fs  of  hatebing, 
nnpog  from 

In  No.  1 0-34  gramme 

„      2 086       „ 

„      8 0'25       „ 

OD  the  first  day  to  a  maximum  of 

Id  No.  1 O'EO  gramme 

.,2 OM        „ 

„      3 0'3B       „ 

on  the  tweDl;^'Srst  daj,  the  loss  being  proportional  to  tlieir  taxB  and  ireiglit,  the 
total  loM  daring  the  twenty-one  daya  being 


when  the  chickn  chipped  thn  ehellfl  and  began  life  nn  their  own  account. 

The  other  three  eggs  were  not  fertilp,  hut  during'  the  twentj-one  daya  lost 
weight  aUo,  on  the  tint  daji  losing 

in  No.  1 0'23  giamma 

„      5 ■   .         .    0-30       „ 

„      6 ■    .         .    0-33       „ 

the  loM  in  No.  4  reaching  0-30  gramme  on  the  21at  day 

„       6        „         047  , 

.,       6       „         0-82 
the  tolala  being 

Ho.  i 6-34  grammes 


The  average  weight  of  each  of  the  fertile  egifs  was  6003  grammes,  falling  to 
40'GG  grammes  on  the  day  before  tdie  chicks  liberated  themaelvee  from  the  shells. 
Thua  the  arerage  losasuatuned  by  each  egg  was  7'38  grammes,  or  12-86  percent  ; 
so  that  the  syerage  loM  per  ogg  per  day  waa  0  36  per  cent. 

As  the  results  from  the  unfertile  ^rge  were  uselesa  for  comparison,  a  fresh 
egg  was  employed  to  determine  the  weight  of  water  and  aolid  matter  respectively. 

The  egg  weighed 5S'40  grammes 

The  shell  and  membrane  (moist,  6-92) G'80       „  dry) 

The  weight  of  yolk,  albomen,  and  water  In  egg  and  membrane 

was B2-60 

61 '46  grammes  of  the  egg  were  dried  at  101°  C,  and  gave  of 

Dry  matter      ,               .       ...    13-lS  grammes,  or  per  cent.  2S*et7 
Uoittnre 38-27       „  „        „  74-883 

100000 

A  newly  hatched  chicle,  weighing  40-d  grammes,  was  dried  in  the  aanw 
manner,  and  after  the  moisture  had  been  driven  off  there  was  left 

Dry  matter ID'S  grammes,  or  per  cent.    26-718 

Hoistote 99-9        „  „       „       T8-2a6 

100400 


.Cofi^c 


788  ESPORT— 1900. 

Then  TMulU  KK  curiani  and  inteieatiDfr,  for  tiivy  seem  to  show  tb&t  tits 
'  pTOpoitioaa  of  water  and  solid  coatents  are  practicall  j  the  same  in  the  freah  egg 

ana  in  the  newly  hatched  chicken. 

XJltitnate  nnaljBM  ware  made  of  the  dry  matter  contaiiied  in  the  fiwb  egg 

Abd  in  the  dried  chicken.    Afl«r  deductinf;  the  wMf^ht  of  the  diell  tnd  wBt«r 

from  the  total  weiff-bt  of  the  egg,  there  remained  IS'Sl  gmtnmea  of  dry  matter. 

Thia  gave  on  analysifl 

Aih    ....      0'E68   giEmme,  or  per  cent.        4-30  of  diy  matter 

Nitrogen    .       .       .      1-171        887      „ 

Hydi^en  .       .       .      1-203       ,  910      „ 

OiTgen      .       ,        .      3-295       „  „       „  17-38      „         » 

Carbon      .       .       .      7-972       „  „       „  6036      „ 

13-208  gnmmea  100-00  per  cent. 

Hie  ume  method  of  analysie  ahowed  the  dried  chicken  to  conuet  of 

gramme,  or  par  cent.       6-20  of  dqr  matter 

10-00      „ 

8-18      „ 

20-68      „         „ 

>.         ,>  B5-00      „ 

10920  gnmmea  100-00  per  cent 

Segulft. 

A^h  was  nuiedb; 1-30  gramme  per  cent. 

Nitrogen  was  raised  bj 1-18         „  „ 

HjdrogeD  was  lowered  bjr        .        .        .         .    092        „  „ 

Ovygen  waa  raised  by 3-24        „  „ 

Carbon  waa  lowered  bj- 6-3G        „  „ 

The  incieaae  of  ash  in  the  chicken  is  obTJonsly  due  to  lime  being  abaorbed 
from  the  shelt,  and  combined  with  phospfaonu  present  io  the  jolk. 

The  intrrease  of  nitrogen  (equal  to  1*13  per  cent.)  is  apparently  dne  to  the 
decrease  of  carbon.  This  also  applies  to  the  increase  of  o^gen.  The  decrease  of 
carbon  (5'S6  per  cent.)  and  hydrogen  (0-92  per  cent)  is  due  to  their  oxidation, 
and  may  be  (in  part)  accounted  for  as  carbonic  acid  and  water  pasung  throogli 
the  iheU  during-  incubation. 

Seemingly  we  ha-re  a  rearrangement  of  the'  elements  above  named,  and  the 
foot  established  that  water  becomes  altered  into  potential  living  matter,  repre- 
senting the  tisauee  and  feathers  of  the  living  bin],  &c.,  whilst  the  ash  is  also 
increased  by  the  abstraction  of  lime  from  the  shell,  combined  with  the  phospborua 
derived  from  the  yolk  during  the  batchtng  process. 


Nitrogen    .       • 

.      1-091 

Hydrogen.       . 

.      0-803 

.      6000 

i.  On  the  Phyiiologieal  Effect  of  Local  Injury  tn  NtTve. 
By  Professor  F.  Ootch,  F.R.S. 


5.  Report  on  (A«  Comparative  Etalology  of  the  Suprarenal  Captida. 
See  Report*,  p.  452. 


6.  Report  on  Ae  Vaeeular  Supply  ofSteretvng  OlaaA. 
See  Beports,  p.  468, 


7.  Rym-t  on  Sleclrieal  Changet  tn  Mammalian  Nerte 
See  Reports,  p.  106* 
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8.  Report  on  the  Comparative  Bxttolagy  of  C^fthraX  Cor  ex. 
See  BeporU,  p,  453. 


d.  Jteport  on  the  Miero-chmiUtry  of  CelU. — See  Reports,  p  449. 


10.  Observations  on  the  Development  of  the  Cetacean  Flipper, 
By  Frofewor  Johbson  Syhinoton. 


11.  The  Articulations  betvieenthe  Occipital  Bone  and  Atlas  artd 
Axis  in  the  Mammalia.    By  Professor  Johnson  Sihinoton. 


MONDAY,  SEPTEMBER  10. 

The  foUoffiog  Papers  and  Report  were  read: — 

1.  Mnestra  parasites,  Krohrt.     Preliminary  Account. 
By  E.  T.  GOWTHBB.  M.A.,  F.Jt.G.S.,  Magdalen  College,  Oxford. 

Dnring  the  apriof;  of  the  present  jear  the  preraUiag  westerly  winds  no  doubt 
contributed  to  the  fact  that  an  uDusuallj  lane  number  otPhylHrkoe  bueepAala  were 
captured  in  the  Ba^  of  Naples.  I  examined  eve^  specimen  I  could  gut  hold  of 
aod  found  that  of  thirtj-one  individuals  of  FhjIIirhoe  taken  between  March  S6 
and  April  20  nineteen,  or  more  than  half,  had  a  Mnestra  adhering  to  them,  Mjr 
friend  CsTaliere  Lo  Bianco  in  the  kindest  way  placed  his  store  of  spirit-preserved 
material  at  niy  disposal  for  examination.  Unfortunately  the  dates  of  capture 
were  not  noted,  but  of  forty-three  Fhjllirhoe  evety  one  had  or  had  had  a  Uneetra 
upon  it. 

From  this  relative  abundance  of  the  parasite  it  follows  that  the  repmductiTe 

Ci«T  of  the  Mnestra  must  be  far  and  away  in  excess  of  that  of  the  Pht/Uirhei 
ephata  of  the  Bay  of  NapteH.  Indeed,  the  fertility  of  MneBtrs  must,  one  would 
thinlr,  be  greater  than  ia  usual  even  among  parasites.  It  is  ther^ore  moat  lemark- 
able  that  hitherto  the  method  of  the  propagation  of  Mnestra  shoiUd  hare  renuined 
undiscovered.  We  do  not  kaow  whether  it  reproduces  itself  by  a  sexual  or  an 
asexual  process,  by  eggs  or  budding. 

It  was  in  consemience  of  our  ignorance  of  this  point  that  aystematists  have  not 
been  able  to  assign  Mnestra  to  its  proper  place  in  the  system  of  Haeckel — which 
primarily  depends  upon  the  place  of  development  of  the  genital  cella  in  the  Medusa. 

1  have,  however,  been  fortunate  enough  to  diacover  other  characteristics  of  the 
Mnestra  which  will  enable  us  U>  unhesitatingly  sfGrm  that  it  should  be  classed 
wilh  the  Ciadonemida,  a  family  of  the  AnthomedusEB. 

The  Mnestra  is  attached  to  the  Phyllirhoe  by  its  manubrium,  which  is  com- 
parativelv  short  and  serves  the  purpose  of  obtaining  nutriment,  apparently  by 
sucking  tlie  blood  of  the  host.  The  tnape  of  the  body  of  the  Mnestra  varies  greatly. 
The  margin  of  the  umbrella  ia  sometimes  notched,  but  this  marginal  notch  is  by 
no  means  so  constant  in  its  presence  as  to  justify  us  in  reguding  it  as  Clans ' 
did,  a  characteristic  of  Mnestra.  The  shape  of  the  Medusa  can  be  well  described 
as  that  of  a  bun  with  a  large  ispushing  or  '  dimple '  in  the  middle  of  the  exumbrat 
surface,  from  which,  in  typical  cases,  four  furrows  proceed  interradially  to  the  , 
margin.  It  is  by  the  intensification  of  one  of  these  grooves  that  the  notch  of 
ClauB  is  often  produced.  The  symmetry  of  the  velum  and  circular  cnnal  is 
generally  not  much  alTected  by  these  furrows  on  the  surface  of  the  ex-nmbrella. 

The  tentacles  are  four  in  number.  The  majority  of  specimens  examined  had 
two  reduced  to  mere  knobs,  and  some  had  three  or  even  all  the  tentacles  Toduced 
to  thi?  condition.    It  seemed  to  me  that  the  reduction  of  the  tentacle  was  %  mar)( 

I  C^ns,  Fp-A.  Z»l.  Bot.  rntf.,  Wim,  wv,  1?T5, 
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of  old  age.  A  well-deTeloped  teotaole  of  Unestia  is  »  compound  tentacle  of 
undoubted  Cladonemid  lype.  The  bttaa  U  Hwollen  uid  ■imple,  but  ihe  distal 
portbn  IB  Bli^nder  and  txpenng,  witli  a  row  of  small  BUlksd  multiuacleata  dub- 
ahaped  bodies  dons'  the  entire  length  of  ooe  margin.  These  bodies  eontaia 
nematocyats,  and  Utey  are  undouhtedlj  bomolofrous  with  the  alalkt^  clab« 
containing  thread  cells  of  maoy  of  the  Cladonemid  genera. 

A  fiutiier  point  of  resemblance  between  Mnatra  parantn  and  certain  of  the 
Cladonemide  is  in  the  fact  that  there  is  a  circular  tract  of  nematOCjitB  arranged 
round  the  umbrella  margin,  close  to  the  circular  canal,  and  &otn  this  circular 
tract  extend  four  centripetal  tracts  along  the  perradii  of  thp  ex-untbrella.  ThMS 
permdial  tracts  usually  extend  as  far  as  the  ezumbral  'dimple'  and  sometiniea 
continue  down  into  it. , 

The  gastro-vawalar  system  ia  of  the  usual  type.  There  are  a  central  stomach, 
four  radial  canals,  and  a  circular  canal.  The  stomach  is  of  an  irregular  shape  and 
is  orteo  provided  with  irregular  diverticula  in  which  corpuscles  which  originally 
belonged  to  the  blood  of  the  Phyllirhoe  may  sometimes  be  seen.  The  mouth  la 
clogged  with  endoderm  cells  with  intercelluler  spaces  through  which  the  organism 

Among  the  100  odd  indiTidnaU  examined  a  number  of  Tarieties  and  ahnormal 
forms  were  observed.  A  dMcrintion  of  these  as  well  n  the  histology  of  JInestn 
will  shortly  be  publi^ed  in  the  Naples  '  Mittlieilungen.' 


2.  Ths  Jieipiration  of  Aquatic  Imtclt.   By  Profetsor  L.  C.  Mull,  F.R.S. 


3.  The  Tracheal  Syetem  o^Simtilitiiu  :  a  Problem  in  Retpiralion. 
By  T.  H.  Tatloe. 


4.  The  Pharynx  o/ErisUlis.     By  3.  3.  WiLKlNSOX. 


5.  The  Structure  and  Life  Eitlwy  of  the  Gooa^erry  Satqfly. 
By  N.  Walker. 


6.  Seport  on  the  Coral  Bet/s  of  the  Indian  Begton-See  Beporte,  p.  400. 


7.  ContribuHons  to  the  Anatomy  and  Syatemaiic  Position  of  the 
LtEToargida.    By  Professor  B.  Bdbcxhabdt. 


6.  On  the  Nettling  o/'Bhiooohetas.    By  Frofessor  R  Bdrckhakdt. 


9.  Tlie  Dentition  of  Hie  Seal.  By  B.  J.  Andersox,  M.A.,  MJ)^ 
Profetsor  of  Katvral  History,  Gaiway. 
The  dentition  of  the  common  seal  is  generally  uudeistood  to  be  in  the  great  majo- 
rity of  cases  J  I.,  f  C,  }  P.-m,,  {-  H.  There  may  be  an  additional  premolar,  due  to 
the  persistence  of  one  of  tbe  mUk-teeth.  The  molars  are  not  too  much  crowded 
in  the  upper  jaw,  but  more  so  in  the  lower.  The  incisors  have  staDding  room,  but 
the  central  of  the  lower  jaw  show  a  disposition  to  stand  bacli  ■,  the  small  platform 
on  which  the  latter  seem  to  stand  nanows  anteriorly,  and  the  sockets  are  deeply 
snnh  in  front  of  this  plane.    The  four  jncimn  ot  tbe  tower  jaw  correspond  to  tha 
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inner  four  of  the  upper  jaw  when  the  teeth  ire  met,  and  ftra  about  the  same  sise  a» 
these  latter,  whilst  the  two  upper  lateral  incisora  are  larger  than  the  inner  two,  but 
are  far  removed  from  the  csnineH  both  in  position  and  siie.  Tha  compariBOO  of  fha 
dentition  of  tha  seal  with  that  of  the  polecat,  the  griaon,  and  espectallf  the  otter, 
is  instructive.  The  badger  may  be  said  to  occupy  a  place  between  bears  and 
weasels,  and  the  upper  incisors  have  carnivor  type,  formula,  and  arrangement.  In 
the  upner  set  the  incisors  are  not  embarrassed,  although  they  stand  three  abreast 
on  each  side,  as  in  better  marked  camirors.  In  the  badger  the  intermediates  in 
the  lower  jaw  stand  back  out  ofrange,  a^tnPutoriusaud  Oalictis.  In  the  upper  Jaw 
of  the  otter  the  incisors  are  in  range,  but  the  second  incisore  of  the  lower  Jaw  stand 
back,  as  if  the  teeth  were  crushed  up.  It  is  noteworthy  that  the  first  premolar  of 
the  npper  jaw  in  this  animal  is  placed  internal  to  the  canine,  while  the  first  pre- 
molar of  the  lower  Jaw  is  placed  at  an  interval  behind  the  canine. 

All  the  molar  teeth  of  the  common  seal  except  tha  first  are  well  known  to 
have  two  fangfs ;  as  Tefrards  the  cusps,  tha  precise  arrangement  is  not  generally 
etatsd.  The  cusps  of  the  upper  molars  fit  into  intervals  between  the  cusps  of  one 
lower  molar  or  of  separate  adjacent  molars.  The  first  premolar  has  a  large  front 
cusp  with  a  fihoulder  (an  approach  to  the  formation  of  a  cusp)  in  front,  and  a  small 
eusp  behind.  A  slight  groove  pnases  forwards  and  inwards,  marking  ofi' an  enamelled 
Buriace  internal  to  the  cusps.  The  second  upper  premolar  has  a  large  central  cusp, 
a  shoulder  in  front  and  to  the  inner  side  of  ibis ;  and  two  cusps,  one  immediately 
behind  the  larger  and  one  still  farther  back.  The  third  premolar  has  a  shoulder 
in  front  and  internal  to  a  Inrge  cusp  ;  then  there  are  two  smaller  cnsps  in  sneces- 
eion  to  this  posteriorly.  The  fourth  has  a  blunter  cbief  cusp,  slight  irregnlaritiea 
on  tbe  inner  shoulder,  and  a  second  cusp,  with  an  attempt  at  the  formation  of  a 
third  cusp  still  farther  hack  ;  this  tooth  is  more  like  the  last  molar  of  the  otter 
than  the  previous  teeth  are.  The  molar  has  a  large  middle  cusp,  with  a  slightly 
smaller  one  behind  it  and  a  small  cusp  anteriorly.  Thejirit  lower  premolar  has 
three  cusps ;  the  anterior  is  the  smallest,  and  the  central  one  next.  The  cusps  are 
placed  near  tbe  outer  surface  of  the  tooth  ;  internal  to  and  behind  the  middle  one 
18  an  elevation  suggestive  of  a  fonrth  cusp.  The  lecotid  premolar  hss  a  large  cen- 
tral cusp  curved  somewhat  back,  a  small  cusp  in  front  of  this,  and  two  behind; 
there  is  a  platform  iotemal  to  the  cusps.  The  third  premolar  has /our  cusps:  the 
front  cusp  small,  the  second  thelai^st  and  turned  hack,  the  two  posterior  smaller. 
The/oui'tA  premolar  has  five  cusps:  two  small  ones  in  f^ont  of  the  large  one,  and 
two  behind  it ;  the  central  cusp  is  bent  hack.  The  molar  has  one  cusp  in  front  of 
and  two  behind  tbe  central  cusp,  which  is  not  prominent.  This  tooth  is  very 
small,  and  has  a  bulging  opposite  each  of  the  first  ihree  cusps.  The  contrast  in 
tbe  comparison  of  the  incisors  of  the  lion,  hyasna,  and  dog  with  those  in  the  lower 
Jaw  of  the  badger,  the  polecat,  and  otter  is  well  worth  not'ng.  In  the  otter  there 
would  not  be  room  for  the  intermediate  (second)  incisor  to  stand  in  rank.  The 
second  incisors  in  the  bear  stiind  somewhat  back,  but  the  sockets  are  placed  behind 
the  level  of  the  third  pair  of  indsore.  It  may  eeem  likely  that  the  habits  of  the 
badger  and  weasel  should  render  a  narrow  lower  jaw  desirable  anteriorly,  but  it 
is  not  clear  that  the  otter  would  be  well  sen'ed  by  the  same  device.  Tbe  lower 
Jaw  of  a  very  young-  seal  whicb  was  examined  has  lost  the  lower  incisors,  but  the 
sockets  are  suggestive  of  a  nearer  approach  to  tbe  otter  arrangement. 

Halichterus  grypus  has  the  same  dental  formula  as  the  common  seal.  The 
last  molar  of  the  upper  jaw  is  at  some  distance  from  the  other  back  teeth,  which 
are  all  pointed  with  single  cusps.  TnHome,howeTer,thereiaa  shoulder  supgestivo 
of  a  second  cusp.  This  is  the  case  in  tha  last  lower,  where  a  slight  indication  of  a 
cusp  eiiata  behind  the  pointed  cone.  A  furrow  is  visible  on  the  outer  sides  of  tha 
tfaird  and  fifth  lower  and  second  and  fiflh  upper.  Tbe  lower  canines  extend 
between  the  upper  corner  incisors  and  the  upper  canines,  which  are  about  the  same 
length  as  the  comer  incisors,  hut  much  thicker. 

The  following  animals  have  the  intermediate  incisor  behind  the  inner  and  outer, 
either  from  base  to  apex  or  at  the  base  alone : — Parsdoxuros,  Ailurus,  Her- 
pestea  mungoa,  Lutra,  Galictis,  Gulo,  Conepatus,  .Brown  Bear,  the  MalaTtn 
Bear,  Snow  Beftr,  Polar  Bear,  and  Ursus  col)aria ;  Melursus  not.    Arctoido^ertum 
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Bonuienae,  Qttr.,  beUad  at  bue,  between  at  apax.  Id  Unua  analBiia  behinl. 
Auatralian  Sea-lioii,  Otaria  puaella,  0.  atelleri,  0.  jubata,  I.  f.  El^nant  Seal,  I.  _]. 
Crab-eating  Seal,  Monacbu8,aDd  Onomatopbora,  I.  ).  Tbe  innermoatUfaTbaekin 
tbe  last.  In  Felis  tigria  tbe  iimeT  and  in  F.  maciosoelides  tbe  innei  and  iiiEermediate 
iocUoii  are  somewhat  back. 


10.  N^ot«  on  ExAihition  of  SkuUi  of  Antarctic  Seals. 
By  O.  £.  H.  Babbbtt-Hauiltox. 

I  am  indebted  to  tbe  authorities  of  tbe  Britisb  Uuaeum  of  Natural  History  fot 
the  opportunitj  of  studying  the  collecUon  of  soala  brougbt  home  from  the  antarctic 
•ess  vj  the  Selffiooj  and  nov  tbe  property  of  the  '  Expedition  Antarctiqoe  Belga.' 

The  coUecdon  is  not  a  large  one,  and  consists  almost  entirely  of  ■pecimeni  of 
the  Phecida,  the  Otariida  being  represented  by  only  one  very  immatare  akulL 

One  of  the  main  points  of  interest  regardinff  the  spacimeng  is  the  fact  that  they 
afford  no  support  wbatsoeier  to  the  supposition,  sometimes  advanced,  that  some 
■tartliDgly  new  forms  of  marine  Carnivora  will  be  found  to  occur  in  the  antarctic 
MU.  All  the  species  known  to  occur  in  these  s««s,  eicept  the  (perhaps  extinct) 
•ea  elephant,  are  repreaented  in  the  collection.  Thus  there  are  skulls  of  X,eptoiuf- 
cioUt  vieddtU,  Ogmarkinut  lepton^.t,  Lobodon  carcinophaga,  and  OmmatopAoai 
rottii;  but  all  these  are  framed  on  patterns  so  close  to  those  of  the  older  Kpecunens 
in  the  British  Museum  that  it  is  impossible  (with  tbe  present  material)  to  find  even 
new  sub-specific  di^rences  amongst  them.  At  the  same  time  it  is  highly  interest- 
ing  to  have  a  series  of  specimens  of  various  agsa  from  which  to  amplify  our  know- 
ledge  of  the  various  forms. 

Probably  the  most  interesting  spedas  represented  in  tbe  collection  is  Ommato- 
pKoca  Tosni,  nf  which  there  are  two  skulls.  These  nre  remarkable  for  tbe 
Tariability  of  their  dentition ;  a  point  to  which  ^  Mr.  W,  Bateaon  has  already  drawn 
attention  with  reference  to  the  only  two  previously  known  skulls.  It  seems  now 
certain  that  variability  of  dentition  must  be  regarded  as  one  of  the  charact«ristics 
of  Boss's  seal,  and  it  is  interesting^  to  know  tnat  this  variatnlity  is  not  Bhared  bv 
the  other  species  of  antxrctic  Photuda,  all  tbe  Kpecimens  which  I  have  examined 
being  quite  uniform  and  showing  no  abnormalittes. 

Ibopa  at  a  later  date  to  puUish  a  more  detailed  account  of  these  skulls. 
The  following  were  exhibited  at  the  Section : — OmmafqpAoca  roMiV  (two  skuU*) 
ud  Lobodon  careinophaga. 


TUESDAY.  8BPTBUBER  II. 

The  following  Papers  were  reed  : 

1,  Photographs  of  some  Malayan  InaeeU.*      .Sy  Nelsoh  Annam>alb. 

The  photogTMtbs  were  taken  from  living  insects  in  the  SiamsBe  Malay  States 
last  year.  The  first  represented  a  Aouropiu  larva  not  dissimilar  to  the  Engli^ 
Lobator  Caterpillar  on  its  food-plant,  Melattoma  jiofyantAvm— the  ao-called 
'  Simla  Rhododendron.'  When  it  is  about  to  change  tts  skin  this  larva  reeemblea 
a  bird's  dropping,  and  ia  then  sluggish  in  its  movements ;  but  after  the  eodyais  has 
taken  place,  the  insect  becomes  active  agun,  and  keeps  its  true  legs  and  the  pro- 
~ ■■ '-- ■-  -'  '■-  -'^^ " '  -      ■■  ■  -    colour 


cesses  on  the  posterior  region  of  its  abdomen  in  constant  a^^tation.    Its 
also  changes  conBidernbly. 

The  second  photograph  represented  a  portion  of  the  stem  of  a  living  Arse*- 
Tialm,  with  a  small  Geometria  caterpillar  that  conceals  itself  by  plastering  frag- 
ments of  a  powdery  lichen  upon  its  own  back. 

Tbe  third  and  fourth  photograpbsebowedtwospeciesofapeculiar^rpe  of  larva, 
supposed  to  belong  to  Lycid  beetles,  and  noticeable  for  iti'  Battened  body,  inmtt 
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ntrftc^e  lieaci,  tnd  for  the  procesaeB  that  project  in  a  seriee  along'  the  ddet  of  the 
ftbdomeD.  Notbini;  is  knovn  as  to  the  metamorphosis  of  thesa  lurte,  and  some 
examples  of  the  type  letch  a  size  considerably  grwter  tlun  that  of  any  Lycid 
teetle  as  vet  diacorered.  The  two  speciea  shown  in  the  photogiaphs  ate  found 
together,  beneath  the  htuik  of  dead  trees  and  under  fallen  timber  in  the  jungle. 
The  hroiMiler  and  more  highly  epeeialised  of  the  two  bears  no  resemblance,  as  far 
as  I  have  been  able  to  discover,  to  any  other  animal ;  but  the  narrower  species, 
which  in  its  yoonger  stages  differs  very  little  from  the  ordinary  type  of  Lyoid 
laiTS,  is  not  unlike  a  Millipede  {OrtAomorpha  tp.)  found  together  with  it. 

Thefifthand  three  following  pbotogivnhs  showed  a  pupa  of  the  mantis  fyifuno- 
jna  bicorTiu  seated  on  an  inflorescence  oi  Mtlattotaa  polyanthum.  In  its  active 
)al  stage  this  insect  bears  so  close  a  likeness  to  the  flowers  of  the  '  Rhododen- 
u '  that  I  have  found  it  impossible  to  ossitni  the  exact  limits  of  true  vegetable 
iissue  and  animal  counterfeit,  even  when  holding  in  my  hand  an  inSorescencs  in 
which  one  of  these  msntises  was  seated.  The  resemblance  is  brought  about  by  the 
development  of  broad,  petal-like  eipanaiouB  of  the  femora  of  the  secoud  and  third 

Sain  of  legs,  by  the  pink  coloration  of  the  insect,  and  by  the  extraordinary 
ower-like  sheen  of  Its  integument.  A  broad  bar  of  vivid  green  runs  across  the 
thorax  of  the  pupa,  dividing^  the  animal  visually  into  two  perfectly  distinct  parts ; 
a  black  spot  is  most  conapicuoua  on  the  tip  of  its  abdomen  i  and  five  brown  lines 
mark  the  dorsal  surface  of  the  abdomen  longitudinally.  The  mantis  refuses  to 
settle  on  any  other  part  of  the  plant  than  the  inflorescence.  It  sits  among  the 
flowers  with  its  abdomen  flexed  backwards,  so  as  to  lie  almost  parallel  to  the 
thorax ;  and  it  sways  its  whole  body  from  side  to  side.  The  movement  attracts 
certain  minnte  flies,  which  settle  indiscriminately  on  the  body  of  the  insect  (being 
then  indistinguishable  at  the  short  distance  from  the  black  tip  of  the  abdomen) 
Mid  on  tbe  petals  it  simulates.  The  mantis  takes  no  notice  of  these  small  flies, 
but  seizes  and  devours  larger  Diptera,  and  probably  other  insects,  that  come  within 
its  reach.     When  the  flowers  among  which  it  is  seated  commence  to  fade,  the 


mantis  droops  its  abdomen,  thus  bringing  the  brown  lines  upon  the  dorsal  surface 

into  view,  and  finally  leaps  to  the  ground.     When  separated  from  the  inSoresc 

of  MeiaslOTna  polyaathutn,  it  resembles  an  orchid  that  has  fallen  from  its  s 


Symmopia  bicomit  bss  a  fairly  wide  distribution  (from  Sikldm  to  Sarawak),  but 
it  is  rare  in  every  locsJity  where  it  occurs.    A  white  variety  of  the  pupa  is  also 

The  nindi  photograph  showed  some  Siamese  of  the  State  of  Patalung  clapping 
th«r  hands  to  attract  tbe  edible  cicada  {Oitndubia  intemerata).  In  Apnl  the 
females  of  this  insect  are  thus  captured  in  considerable  numbers  for  food,  during 
tbe  short  interval  between  sunset  and  darkness.  The  cicada-catchers  must  dap 
their  hands  in  unison  and  observe  a  definite  rhythm.  A  fire  is  a  usual,  but  not  a 
aecessary,  sdjunct  to  the  performance. 

The  enormous  elongation  of  the  anterior  region  of  tbe  head  of  many  Fulgorinte 
(lantern  flies)  into  a  hollow  noee'like  organ  has  often  puzzled  entomologists, 
who  have  generally  abandoned  tbe  old  Uieory  that  this  structure  was  lumi- 
nescent. I  was  BO  fortunate  as  to  observe  its  use  as  on  organ  of  progression,  or 
rather  of  sudden  flight  from  danger.  When  the  insect  is  disturbed,  it  presses  the 
tip  of  its  '  nose '  against  the  tree-stem  on  which  it  is  seated,  at  the  same  instant 
pushes  its  bodj  violently  away  with  its  powerful  legs,  and  so  is  projected  for  a 
considerable  distance  through  the  iSx,  the '  nose '  being  flexible  st  one  point,  and 
also  BO  elastic  that  it  acts  as  a  piece  of  whalebone  would  do  ander  like  circum- 
stances.   

2.  Obaervaliona  on  Mimicry  in  South  African  ImecU. 

By  Gdt  a.  K.  Mabbhall. 

[Anonged  and  oommnnioated  by  Edward  B.  Poultos,  M.A.,  F.E.S.,  Fellow  ot 

Jesus  Cellos,  Oxford,  and  Hope  Professor  of  Zooiogj  in  the  Dniveisity.] 
The  following  paper  is  an  abstract  of  the  results  obtained  by  Mr.  Guy  A.  K, 
3lAr*ball  in  South  Alries.    When  ao  locality  is  mentioned  it  is  t9  be  wuntooct 

.  ..Google 
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that  tbe  obwrvatioD  wa«  made  *t  Saliebuiy^  Maalkonaland  (S,000  feet).  The 
oWrvstioni  here  briefl;  recorded  hare  added  tn  a  moet  important  manner  to  our 
knowledge  of  the  natural  hiato^  (bionomicB)  of  South  African  insects,  a  subject  of 
which  the  fonndBtiona  were  laid  by  Roland  Trimen.  Groups  of  mimetic  Lepido- 
ptera  captured  on  tbe  same  da;  ae  their  models  have  been  obtain^  both  from  hatal 
and  Maahomkland  (SaliBburv),  thus  demonstrating  more  fullj  than  has  been  done 
hitherto  the  fact  that  model  and  mimic  fly  at  the  eame  time  aa  well  aa  in  the  same 
place.  The  groups  bring  out  the  eitmDrdinarT  power  of  Danaine  butterflies  in,  so 
t«  speak,  moulding  the  spedea  of  other  sub-familiea  into  a  superficial  likeneaa  to 
themaelres.  There  are  only  four  or  five  apecies  of  Danaina  in  the  region  under 
consideration,  and  each  one  of  them  is  the  centre  of  a  group  of  forms  superfidallj 
similar,  but  remote  in  affinity.  The  abundant  and  wideniread  Limnat  cArytipput 
was  lai^ly  resembled  both  in  Natal  and  Msshonaland.  In  experiments  conducted 
upon  inaectreating  animals,  this  butterfly  appeared  to  be  less  unpalatable  than  the 
Acrica  {A.  encedon)  which  resembles  it.  The  explanation  may  be  found  in  the  far 
wider  range  of  tbe  Danaine  model,  which  would  render  it  familiar  to  eDemies 
paaeing  irom  an  area  in  which  the  Acraa  does  not,  to  one  iu  which  it  does  exist. 

In  the  caseof  two  forma  of  Eiiralia  (E.vtima  and  E.  tuaillmyt)  mimicking  two 
very  different  speciea  of  Amaurit  {A.  echeria  and  A.  dominicania)  there  ia  good 
reason  to  believe  that  a  single  species  baa  become  dimorphic.  Photographs  of 
four  mima  (two  male,  tno  female)  and  four  tmAAeryi  (three 'male,  one  female)  were 
ahown,  the  whole  set  having  been  part  of  a  company  of  twelve  individuals  going  to 
rest  together  on  a  small  clump  of  fern  under  a  steep  kraantz,  Umbilo  Biver, 
Malvern,  near  Durban,  Natal  (June  28,  1897).  The  two  forms  have  also  be«i 
taken  in  ctiitu,  and  have  been  found  tt^tber  freshly  emerged  from  the  pupa  on  the 
eametree.  Intermediate  varieties  nre  also  known.  Ifspecific  identity  be  established, 
the  case  will  constitute  a  new  form  of  mimetic  dimorphism  in  Uie  Lepidoptcra, 
similartothatof  the  Dipterous  genua  Foha^Ua.  AUcaaesof  dimorphieminmunetic 
Lepidoptera  hitherto  described  are  either  ^xual  or  confined  to  a  single  sei.  In  one 
Bex,  indeed,  a  mimetic  species  may  be  polymorphic,  as  in  tbe  female  of  Papttio 
oenea  or  Hypalimnat  mitippia. 

In  the  case  of  the  distasteful  sub-family  Acraina,  tlie  two  Tery  different 
species  A,  natalica  and  A,  aneniota  were  ahown  captured  at  Salisbury  on  the  same 
day.  Although  entirely  ditTerent  in  detail,  the  pattern  ofthetwoapedee  is  broadly 
the  same,  and  during  fiigbt  would  probably  appear  to  be  identical.  Another  even 
more  atnking  example  of  MiiUerian  or  syniposematic  resemblance  waa  afforded  by 
a  set  of  eighteen,  specimera  belonging  to  five  species  of  small  Acrteas  captured  on 
the  same  day  (December  31,  1898)  in  the  same  locality.  The  whole  group  pre- 
sented a  wonderfully  uniform  appearance  in  size,  shape,  colour,  and  Um  general 
distribution  of  markings. 

An  example  of  a  Ileeperid  (Baorit  netc^ha)  mimic  of  an  Aeraa  (A.  dovbte- 
dayi),  the  two  captured  on  the  same  day,  added  another  to  the  rare  instances  of 
mimicry  in  this  family.  The  resemblance  ia  only  seen  in  the  attitude  of  rest, 
and  is  confined  to  the  undersides  of  the  wings. 

The  aberrant  I.ycrenid  {Alrsna  mnaaula)  lias  a  general  Acrteine  aspect,  and 
is  Tery  unlike  the  well-known  appearance  of  its  true  family.  It  is  prolmbly  dis- 
tasteful, and  is  resembled  with  tolerable  closeness,  especially  upon  the  under^ 
sides  of  the  wings,  by  a  day-flying  Geometrid  moth  {I^ioviu  dichrcaria).  They 
were  captured  together  at  Malyem,  near  Durban,  on  September  26,  1807. 

A  most  interesting  series  of  injured  specimens  of  butter6ies  showed  the 
probable  attacks  of  birds  or  liiards,  obsen'ations  in  the  field  affording  strong  sufK 
port  to  this  interpretation.  Members  of  tbe  specially  protected  oonspicuous 
groups  were,  as  Fritx  Mliller  showed  in  the  case  of  South  Ameriea,  also  subject  to 
Attack.  Comparatively  few  of  the  injuries  were  inflicted  at  the  junction  of  the 
fore  and  hind  wings,  or  indeed  anywhere  except  at  the  apex  of  the  fore  wing,  or, 
more  commonly  atill,  at  the  anal  angle  of  tlie  hind  wing.  In  many  cases  the 
injury  was  symmetrical,  indicating  that  a  piece  had  been  bitten  out  of  both  right 
and  left  wings  during  the  usual  attitude  of  rest,  or  aa  they  came  together  momen- 
tarily in  flight.    The  two  pointa  of  special  attack  are  commonly  rendered  con- 
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■picuoua  bj  special  marks,  and,  in  the  case  of  the  hind  win^,  ttruotuRS  each  as 
'  Uils,' '  eje-«pots,'  &e.  In  the  Li/catuda,  where  the  '  tsilg '  are  rendered  still  fut^ 
tlier  prominent  by  movement,  many  specimens  were  captured  with  these  parts 
bitten  out  from  one  or  both  of  the  wings. 

Larite  additions  were  elso  made  to  our  knowledge  of  mimicry  and  warning 
colours  in  Coleoptera.  In  the  Carabid  genus  Ant.lua,  a  probable  warning  character 
common  to  different  epecies  conaiated  in  a  large  wfaite  peteb,  placed  in  aome 
rpeciee  on  the  eidee  of  the  thorax,  in  others  on  the  anterior  surface  of  the  elytra. 
The  general  effect  was  the  same,  but  the  anatomical  relationa  entirely  alien.  The 
characlfriatic  handed  pattern  of  the  Cantharida  was  shown  to  be  resembled  by 
beetles  of  widely  different  groups,  the  spotted  pattern  of  the  Coeeinttlida  by  an 
Hemipterous  insect  {Stei/anoceria  mtiUiptincUitu»),  while  the  appearance  of  many 
S.  Axrican  species  of  Lydda,  light-brown  anteriorly  and  black  poeteriorly,  was 
reproduced  in  beetles  of  many  g^ups,  many  species  of  Eymenoptera,  an  Hemi- 
pteron,  two  moths  from  remote  sections  of  the  order,  and  a  ny.  In  the  vast 
majority  of  these  cases  of  likeness  to  and  among  Ooleoptera,  it  is  probable  that  the 
resemblance  is  Miillerian  (synaposematic)  rat-ier  than  Bateaian  (paeudosematic). 
The  interpretation  of  the  remarkable  likeness  borne  by  a  species  oF  Longicom 
[Phaatatia  gigaatea)  for  certain  CurciUionuUe  is  more  uncertain,  although  it  is 
clear  tbat  some  |»nersl  principle  is  at  work,  inasmuch  as  resemblances  between 
other  epecies  of  the  same  groups  are  well  known  in  many  parts  of  the  world.  An 
interesting  group  of  superficially  similar  insects  from  three  ditTerent  orders  con- 
sisted of  a  firacan,  a  Ileauvlid  bug,  and  a  Longicorn  beetle. 

Evidence  of  the  struggle  for  existence  in  Coleoptera  was  supplied  by  a  group 
of  five  beetles  taken  from  the  crop  of  a  Guinea-fowl  (Nwnida  conmata).  The 
four  epecies  belonged  to  tbe  Buprestids,  Curculios,  Longicoms,  and  Phytophaga. 
All  the  beetles  had  been  swallowed  wbole  and  were  almost  uninjured,  even  aa 
n^^ds  limbs  and  ontennte. 

Among  the  other  orders  of  Insecta  the  Hemiptera  afforded  a  wonderful 
example  of  mimicry  or  common  warning  colours  from  Mai* em,  near  Durban,  the 
Reduviid  bug  J'honoctonta  nigro-faaciatua  bearing  the  most  remarkable  likeness  to 
the  somewhat  smaller  Lygaaid  Dyadercui  tuperetitiogat.  The  mimetic  resem- 
blance of  Diptera  to  AcuiMte  Hymenoptera  was  illustrated  by  many  examples, 
model  and  mimic  having-  been  captured  in  the  some  place  and  withm  the  same 
month.  The  most  remarkable  of  these  was  a  splendid  new  species  of  Jlypereckia, 
closely  resembling  the  black,  leddish-brown  banded,  African  species  of  Xyhcopa, 
such  as  X.  /taeo-rri/a.  Initsnces  of  common  warning  (synaposematic)  colours  in 
Hymenoptera  were  also  illustrated  by  a  group  of  three  species  vritii  a  goieral 
reMmblaoce  to  each  other :  the  Aculeata  being  represented  by  a  species  of 
Mffsiiu  and  one  of  Veropalet,  the  Terebrantia  by  a  species  of  lehneumon.  All 
were  captured  at  Salisbury  in  January  1689. 

The  whole  of  the  material  here  briefly  described  may  be  seen  in  the  Hope 
Department  of  Zoology,  Oxford  University  Musenm. 


3.  Obtervations  on  Mimicry  in  Bornean  Itueetn, 
By  B.  Shblfdrd,  B.A.,  Cvralor  of  ike  Sarawak  Mueeum. 


The  following  paper  is  an  abstract  of  results  obtained  by  Mr.  R.  Shelford, 
B.A.,  Curator  of  the  Sarawak  Ifussum,  Bridsb  North  Borneo.  The  vast  majority 
of  his  observntions  were  made  at  or  near  Kuching,  the  capital  of  Sarawak;  a  few, 
however,  in  Sinirapnre.  Wlien  no  locality  is  mentioned,  Sarawak  is  to  be  under- 
stood. The  observations  form  a  very  important  addition  to  our  knowledge  of 
mimicry  in  Malayan  insects,  especially  the  Coleoptera. 

Among  Lepidoptera  an  Elyvmia*,  believed  to  be  a  new  species  from  Mount 
Panrissen,  is  a  tolerable  mimic  of  the  well-known  Evplaa,  Tnmga  crameri. 
Among  the  Chalcoaid  moths,  three  ^«ues  of /shirtii  mimicked  two  of  £i7>/(mi  and 
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one  of  Fiirtna  {DtUa*  eathara).  The  Utter  a  of  coiuidanbte  intarest,  inumnck 
M  tho  Pieme  model  appean  to  be  excess'iTelj  rare.  There  can  be  little  doubt, 
howeter,  u  to  the  true  relationship,  for  another  speties  of  the  same  geniu, 
I.  pandemia,  is  a  msgoificent  mimic  of  another  gpecies  of  Delia*  (JO.  pandemia), 
both  comins  from  Mount  Kioa  Balu  in  North  Borneo. 

In  the  Neuropten  the  Mantiapidefl  are  shown  to  be  mimica,  a  splendid  new 
apeciee  {M.  timttiatrix,  UcLachlan)  reBembline'  a  common  Braoon  fi;ing  wjtli  it 
on  UouQt  Matu^,  near  Kuching-,  while  a  small  species  from  Singapore  (m.  f  cora) 
exactly  mimicketkan  ichneumon  fijing  with  iL 

It  is  in  tfae  Bomean  Coleoptera,  and  especially  the  Longiconiia,  that  by  hi 
the  largest  additions  to  the  sabject  of  mimicry  have  been  made.  Many  Longiconi 
species,  chiefly  of  the  genus  Oberea,  were  excellent  mimics  of  the  Braeomdae, 
and  perhaps  other  Hymenoptera.  The  long  narrow  form  of  the  beetle  reeembled 
the  £riUMn  at  rest  with  wings  folded.  As  seen  from  the  Bida,certainspeciesof  06erea, 
notwithstanding  their  uniform  diameter,  were  apparently 'waiated'  tike  a  Hymeuo- 
pterous  insect,  the  effect  being  due  to  a  conspicuous  white  patch  on  the  side  of  the 
an  teiioT  abdominal  segmeotj.  The  part  of  the  bod  j  thus  covered  is  obliterated,  while 
the  outline  of  the  patch  is  such  that  the  uncovered,  and  therefore  conspicuous,  part 
of  the  body  conforms  to  the  shape  of  a  sloDder  '  waist,'  from  the  poeteriur  end  of 
which  the  abdomen  gradually  swells.  The  effect  in  one  species  is  as  perfect  as  if 
an  artist  had  deliberately  painted  the  profile  of  a  Hymenopterous  abdomen  upon 
that  of  a  beetle.  Among  other  examples  of  the  same  form  of  miinicr;  waa  a 
ina^ificent  Carambycid  frooi  Mount  Penrissen  (Notlu^peat  or  n.  gen.,  n.  ap.),  m 
beautiful  mimic  of  the  abundant  wasp,  Saliut  tericotfuna,  which  flew  wilh  it. 
The  common  Dammar  Bee  {Triffona  apiealit),  which  does  not  sting,  but  is 
formidable  because  of  its  bite,  is  the  centra  of  a  group  of  three  species  with  the 
most  remote  affinities.  Not  only  is  there  a  Longicom,  Epania  tingaporentit,  but 
a  Sraeon  and  a  Reduviid  bug.  The  mimicry  is  probably  Miillerian  in  most,  if  not 
all,  of  the  species  of  this  group. 

Another  important  set  of  Ijongicoms,  species  of  Etdelopa,  Tropimetopa, 
Oireonoma,  and  Attathn,  were  extremely  perfect  mi  mica  of  Phytopbaga(  Oaterurida ) , 
la  one  large  ktoud  both  models  ana  mimics  were  reddish-brown,  in  another 
iridescent  blue-blaeli,  in  a  third  anteriorly  blue-black,  posteriorly  reddish-brown. 
Another  species  of  Entelopa  (E.  fflauea)  resembled  a  common  Oocunellid  {C4iria 
dilauaa),  a  Cassid  also  falling  into  the  group. 

The  lAjcida  were  models  for  Longicoras  and  other  insects  in  Borneo  no 
less  than  in  South  Africa.  Species  belonging  to  the  Longicom  genera  EryOav», 
Ephiei,  XyatU,  and  Eurycrphalui  mimicked  Lycids  with  remarkable  accuracy.  In 
lbs  last-named  genus  one  species,  E.  luadi,  was  a  mimic,  while  another  closelj 
related  {E.  cardtnalit)  exhibited  a  warning  coloration  of  the  most  startling 
character,  an  indication  that  the  genus  is  distasteful  and  the  mimicry  Uiillcrian. 
In  addition  to  these,  the  Lycids  were  mimicked  by  a  Clerid  beetle,  by  numerous 
Hemiptera  and  a  ZygKnid  moth,  the  latter  from  Singapore. 

The  resemblance  of  certain  Longicoms  to  the  Ilhynchophora  was  far  more 
evident  tbnnin  Soutb  Africa,  for  not  only  was  there  a  mimic  ( TracAyttoia ^anulala) 
of  a  Curculionid  (Stpalui  granulatui),  but  there  were  species  belonging  to  no  lesa 
than  four  genera  mimetic  of  the  Jirenthidct.  These  Intter  mimics  hold  their  long 
antennte  extended  forwards  side  by  side,  the  tips  only,  or  in  some  speciea  the 
anterior  halves,  diverging.  Thus  the  rostrum  of  the  Brenthid,  together  with  ila 
usually  short  antennn,  are  represented  by  the  long  antenuEe  of  the  Lon(^icora. 
The  Anthribida  were  mimickeo  bv  Longicorns  of  the  penera  Ereit  and  Cacia. 

A  'feature  of  both  Rhynchophorous  models  and  their  mimica,  and  one  very 
unusual  in  mimicry,  is  the  inconspicuous  mottled  colouring  and  the  abaence  of 
strongly  contrasted  tints. 

A  very  interesting  Longicom  mimic  of  an  Endomychid  beetle  (^mtAomeUt  sp. 
near  turritiu)  was  a  rare  species  of  Zeiota  as  yet  undescribed..  The  curved 
spine  on  the  elytron  of  the  model  was  represented  by  a  brush  of  haira  on  that 
of  its  mimic  Experiments  indicated  that  the  Endomvclad^  as  a  group  were 
^ist^s^ful,  aji4  Urge  Byua^sematip  sets  of  purplisb  blac)i,  j^oyi  or  o^an^ 


■potted  Bpeclu  were  found  near  Kuching  together  with  severAl  apacies  of  Erotylida 
BQd  a  Pantatomid  bug  with  the  same  general  appearance.  Another  group  of  dark 
Endomychida  was  reridorad  conspicuous  by  numerous  spines  {Ampki$tertau). 

Two  KTOups  of  Longicoma  were  miiuickad  by  other  Longicorna  belonging  to 
antirelj  different  eectlona.  The  iridescent  green  Cerambydda  of  the  genua 
CSUoridolum  were  cloaelj  resemblad  by  two  Zomtidm  (Sc^ierdijux?  genua,  and 
CUoritanit  viridii)  and  bj  the  Cerambjdd  genera  Xtf^roeera,  Ptalanta,  and 
Leptura.  Many  mneia  and  speoea  of  the  banded  Cerambjcid  Cfytina  veto 
Tery  cloaelj  mimi^i«d  by  Larmtdai  and  other  Cerambgcida.  Thia  laat  case  ia  of 
peculiar  interest,  iuaamuch  as  the  ClyttTia  are  themselvea  perhaps  the  most  con-- 
■picuous  mimics  of  Hymeneptera  to  be  found  in  the  whole  of  the  Longicornia. 
All  over  the  world  their  numerous  species  commonly  preeeat  a  black  yellow- 
banded  appearance  bearing  a  general  reaembiance  to  waspa,  while  mimiciy  of 
MutilUda,  CmndeUda,  and,  in  the  allied  Tillomorphina,  of  ante  ia  also  found. 
When,  tlierefore,  we  also  find  that  thia  group  itself  furnishes  numerous  models  to 
other  Longicorna,  we  are  driven  to  conclude-  that  it  is  in  some  way  apecially 
defended,  and  that  its  resemblance  to  Eymenoptera  ia  Utillerian  rather  than 
Bat«eian. 

The  mimetic  resemblance  to  the  aggressive  and  active  CicindeUda  was  verr 
marked,  examples  being  afforded  not  only  by  Loagieorn  beetles  of  the  genera 
ScUthrus  and  Coilyrodet,  but  alao  by  a  Dtpteroua  insect  found  flying  together  with 
its  model  (^Collgrit  emarfftneta)  on  Mount  Seramba,  December  180tj.  This  is  the 
firstexampla  of  the  mimetic  resemblance  of  a  fly  to  a  tiger  beetle.  Tbt  remark* 
able  Locustid  mimic  Condylodatz  tricondyloidii  (or  a  closely  allied  species) 
described  by  Professor  Weatwood  from  Java  was  also  rediscovered  in  Borneo,  and 
ita  habits  for  the  £rat  time  obeerved. 

Indirect  evidence  that  the  mimiciT  of  Clerida  is  Aliillerian  rather  than 
Batesian  b  similar  to  that  which  pointed  to  the  same  conclusion  in  the  Longicom 
Clytina.  One  Bornean  species  of  a  CQerid  genus  (TJumiuimitt)  resemmed  a 
Mutillid,  another  ((renua  near  Tenervi)  a  Lycid,  while  a  third,  a  apeciaa  of  Lmidia, 
was  mimicked  by  the  Lnngicora  Dapkitia  pulchella. 

Among  the  Diptera  a  aplondid  block  Bypereehia  (H.  fera)  was  a  beautiful 
mimic  ui  the  abundant  Xylocopa  latipn,  another  example  of  parallelism  with  South 
African  bionomics.  An  allied  specie?,  Lapkria  sp.  near  Tgrminalit,  was  an 
axcellent  mimic  of  SaHut  auroterictui.  Dipterous  mimica  of  Hymenoptera  are 
extremely  abundant  in  Borneo :  remarkable  among  them  was  a  species  which 
mimicked  an  ichneumon  of  the  genus  Metostemut.  The  abort  antennte  of  the 
fly  in  no  way  resembled  the  very  long  black  and  white  ones  of  the  ichneamon. 
The  fly,  boweTsr,  held  up  ita  black  and  white  legs,  appiving  their  baeea  to  ite 
head  and  moTing  them  so  that  they  closely  resembled  the  antenne  of  the 
Hjmenopleroua  insect  in  movement  aa  well  as  in  colouring  and  proportions. 
Another  spedes  of  fly  possessed  true  antennn  which  were  remarkably  long  for 
this  order,  and  thug  closely  resembled  those  of  an  ichueumoo. 

"With  few  exceptions,  tiie  whole  of  the  mateiial  here  briefly  described  may  be 
seen  in  the  Hope  Department  of  Zoology,  Oxford  University  Museum. 


4.  Note  on  an  Sxperiment  supporting  the  Generai  Principle  of 
'  Mallerian '  Mimiery,     By  Vtoleaaot  C.  Lloyd  Moroait,  F.R.S. 


6.  lUustratums  of  Mimicry  and  Protective  JieeenUtlance, 
By  iiiss  L.  Sykbs. 


6.  71&S  Colour  Phyaioloffj/  of  HippolTto  Tanatis 
£]/  F.  W.  Qahblb  Mid  F.  W.  KikbiiB. 

,  V,  Google 
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7.  The  LocuH  Plague  attd  its  Suppretaion.    By  M.  Mdhko,  U.D. 

LocuatA  liave  devutAted  the  gnftter  ptrt  of  the  tubiutile  trorld,  and  daring 
the  lut  ten  years  have  done  great  dama^  in  the  southern  republica  of  South 
AmericA,  in  North  and  South  Africa,  in  India,  &c — countriee  widely  separated 
i'cotn  each  other— and  they  have  caused  great  loss  of  hnman  and  animal  life  in 
large  areas  in  Africa  belonging  to  Britain.  The  importance  of  the  sabject  is 
therefore  conaiderable.  But  the  difficulties  which  hitherto  have  been  coniiect«d 
with  the  plague  aeemed  ezceasive  and  insuperable  barriers  in  dealing  with  it 
effectually. 

To'  illiutnte  the  remarks  in  this  paper  I  select  the  four  following  typical  and 
well-known  species  of  the  insect,  namely,  1,  the  Caioptenv*  tpretut,  or  BocW 
Mountain  locust  -,  3,  the  Staaronotug  criatut,  or  Cyprian  loonst ;  S,  the 
Sehittocerca  peraaeana ;  and  4,  the  Acridium  perfgrinum,  or  Old  World  locust, 
in  order  to  emphaaise  in  a  more  pointed  way  certain  aspeclB  or  characteristics  of 
the  iusect  which  I  think  it  well  to  put  prominently  forward  in  attempting  to  bring 
this  plngue  under  review,  and  askirg  laToursble  attention  as  to  the  beat  means  to 
check  it  and  nllevUtu  the  distress. 

a.  Our  increased  and  gradually  accumulating  knowledge  of  the  babils  of  the 
insects  is  deriTt^  mainly  while  the  insects  come  to  and  sojourn  in  their lemporary 
homes,  for  we  do  I'ot  yet  know  them  in  their  permanent  or  true  homes.  The 
one  and  only  success  in  combating  the  plague  by  human  means  in  the  whole 
history  of  the  world  was  due  to  the  putting  in  force  the  simple  ofaaerTation  that  the 
young  (or  the  old)  locusts  cannot  adhere  to  smooth  Burfacee,  such  ns  gla^s,  owing  to 
the  fact  which  ia  now  made  abundantly  clear,  namely,  that,  unlike  Sies,  ibe  pro- 
cesses or  claws  on  the  feet  of  tbeir  front  and  middle  pair  of  legs  ore  too  short  and 
weak  to  enable  them  to  do  this. 

b.  The  general  and  characteristic  fuatures  of  the  locost  run  through  all  the 
species  alike.  This  fact  has  been  greatly  lost  sight  of  or  minimised,  and  thn  dif- 
ferentiations which  help  to  mark  off  one  spedes  from  another  have  been  magniQed 
into  an  unjustifiable  and  unnecessary  importance.  The  instincts  and  the  structure 
of  all  the  varieties  are  very  nearly  alike,  although  one  species  may  not  be  so  Urg* 
or  have  different  markings  us  compared  with  another. 

c.  The  direction  which  the  'army*  assumes  when  the  larvn  at  a  certain 
period  set  out  for  and  continue  on  their  '  march '  is  a  moat  important  matter  to 
settle  and  be  certain  about,  as  this  is  the  most  destructive  period  in  the  life  of  the 
insect.  They  then  devour  everything  that  comes  in  their  way.  Not  so  with  the 
flight  of  flying  locusts,  which  only  levy  toll  here  and  there  as  they  pass  or  aojoum. 
The  '  army  on  the  march  '  usually  punue  a  straight  given  course,  irrespective  of  all 
obstacles  and  dangers  (natural  or  artificial)  that  may  be  in  their  way,  minus  any 
with  tmootk  surfaces  owinc  to  t!ie  reason  above  stated.  Now  the  course  or 
direction  of  the  '  march'  will  be  found  (though  further  observation  is  reqni»le  to 
confirm  the  truth  fully)  to  be  always  in  a  given  direction  in  certain  countries. 
Thus  in  the  Argentine  and  South  Afnca  they  travel  soulhwards,  in  Algeria  north- 
wards, in  the  United  States  eastwards,  and  so  on.  It  may  not  be  true  south,  or  true 
north,  or  true  east  in  the  respective  instances  mentioned,  but  It  will  be  respectively 
tmDordi  the  south,  north,  or  east,  aa  the  case  may  be.  The  important  thing  to  bear 
ID  mind  is  that  they  all  march  in  one  general  direction  as  a  body  at  the  eame  time, 
and  without  any  leader ;  while  so  far  as  suitability  and  abundanCB  of  food  are  con- 
cerned to  satisfy  all  their  instincts  an  exactly  opposite  or  other  direction  would  be 
far  better.  The  '  Screen  and  Trap '  or  '  Cypriote '  system  was  based  on  the  suppo- 
sition that  the  insecta  march  in  a  gjven  specific  direction.  It  has  been  owing  to  uiis 
fact  that  the  power  of  the  plague  was  broken  in  the  course  of  one  year  (1883)  in 
Cypma,  although  it  baffled  all  efforts  to  check  it  for  centuries  before.  Since  the 
suppression  of  the  plague,  and  no  doubt  very  much  on  account  of  it,  Cypnu  hat 
entered  on  a  new  era  of  prosperity. 

Outline  of  tlte  Meant  for  ChetMrtg  ot  8uppre»*ing  the  Tiagtx, 
There  is  a  sense  in  which  a  plagne  or  peet  such  as  that  of  locosts  may  be  re- 
garded Bs  the  incKMe  over  the  natural  checks  with  legud  to  the  nonaal  number. 
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Wben  this  gam  t&kea  place  it  u  now  almost  uniTenollj  admitted  that  humaa 
meMurea  ought  to  be  resorted  to  with  the  view  of  aiding  the  natural  ogendea,  so 
that  the  insects  maj  be  reduced  in  number  to  a  point  that  is  safe  or  free  from 

danger, 

I.  Tha  Xaturai  A^eaeHt/or  Checkiiig  the  Plaijwe. 

Destruction  bj  (1)  the  wind;  (3)  bird«;  (3)  reptiles,  liiatda,  toaiia;  (4) 
mammals  and  fish ;  (5)  wups ;  (U)  disease : — (a)  internal  larvce  from  the 
Tachino  flj,  (b)  Mylabris  parasite,  (c)  dermis  parasite,  {d)  Cynomia  pictifociea 

Sarasite,  (e)  Empuea  grylli  parasite,  (f)  various  others,  such  as  mites;  (7)  eggs 
eslrojed  by  insects,  animals,  weather,  water. 

II.  AHlfioial  and  Meckanieal  Mian*  for  Cheelting  the  Flaijne. 
1.  logenuitj  or  finessing,  2.  Destruction  nf  tbe  efigs  bj — (a)  Machines, 
ploughs,  harrows  ;  (A)  eating  by  pigs;  (c)  trampiag  tho  ground;  {li)  irrigation ; 
(«)  judicious  use  of  chemicals;  (j)  collecting  the  eggs.  3.  destruction  of  hoppers 
b? — (a)  maitniDg,  (A)  crushing,  (c)  tramping  with  stock,  (i2)  diverting,  (e) 
catching  and  bagginif,  (/)  trapping,  (^)  burning,  {k)  use  of  chemicals,  (t)  inocu- 
lation of  fungi.  4.  Bestruction  of  the  winged  locusts  by — (a)  diverting  a  flock 
or  flight,  (6)  shooting  them  on  the  wing,  (c)  maiming,  (d)  chemicals,  («)  tTsmping, 
(/)  crushing,  0)  burning,  (A)  catching  and  bagging,  (i)  ittocnlation  of  the  flying 
locust  with  a  fungus. 
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Sbctiok  E.— geography. 

PsKSiDSNT  or  THB  Sectiom — Sir  Oborob  S.  Bobbrtsoit,  K.C.S.I. 


TSUBSBAT,  aEPTEMBBR  6. 
The  President  delivered  the  following  AddreM : — 
Whbit  the  British  AMOciation  for  the  AdTuicement  of  Science  hoDoured  me  with 
sn  invitation  to  preside  over  this  Section,  I  accepted  the  dietinctioo,  thougbtfallr 
and  with  aincere  gratification.  The  Hslaction  as  joor  President  at  Bradfard, 
this  great  and  intereetiog  centre  of  commercial  eueigy,  of  a  st'jdeot  of  political 
moTements  who  was  also  deeply  interested  in  the  science  of  gsographf,  seemed  to 
poiut  sugjiestivelj  to  a  psrhcalar  branch  of  our  suhiect  as  appropriate  for  an 
opening  address.  This  consideration,  and,  to  m^  thinking,  the  fitness  of  the 
occasion,  led  me  to  believe  that  the  British  Empire  itself  was  a  Terj  prapor 
eabject  for  such  reflections  as  could  ba  compressed  wljthia  the  limits  of  aA  in* 
BDguTal  Presidential  Atldresa,  Manj  of  raj^  piedeeesson  have  elotjnently  and 
wiselj  dealt  with  vaiious  topics  of  admitted  geographical  rectitude — with 
geography  in  its  more  strictly  scientific  study,  with  its  nature  and  its  pniriew, 
with  its  recent  proKress,  and  with  the  all-important  question  of  how  it  could 
be  best  taught  metnodically,  and  how  most  profitably  it  might  be  studied.  In 
dealing  with  the  impoitant  practical  application  of  oar  science  to  the  facts  of 
national  life— Political  geojrraphy— I  feel  that  perhaps  a  word  of  explanation 
is  necessary.  Pure  geography,  with  its  placid  aloontess  and  its  fat^stretching 
outlook,  combined  sometimes  with  a  too  rigid  devotion  to  the  facts  and  con* 
elusions  of  strict  geographical  researoh,  ia  apt  to  incUne  many  scientifie  minds 
to  an  admirable  quietreyed  cosmopolitanism — the  cosmopolitanism  of  the  cloistered 
college  or  the  lecture  theatre.  It  perhaps  also  at  times  has  a  tendency  to  create 
in  purely  academic  students  a  feeling  of  half  disdain  or  of  amicable  irritability 
s«ainst  those  who  love  the  science  for  its  political  and  social  suggeativenesB  and 
^ticidations.  Thus  there  is  a  possible  danger  that  geoffTapbars  of  high  intel- 
lectual calibre,  with  enthusiaama  entirely  scholarly,  may  come  to  undenate 
nationality  and  to  look  upon  the  world  and  mankind  as  the  units,  and  upon 
people  and  confederacies  and  amalgamations  merely  as  specific  instanoea  of  the 
general  type.  We  know  that  (jeograpby  is  often  looked  upon  aa  the  science 
of  foreign  countries  more  eepeciatly.  Such  mental  confusion  is  undoubtedly 
less  common  than  it  was,  yet  it  still  iDfiuences^  unconscioofdy,  the  minds  of 
many  people.  It  is  well  not  to  forget  this  curious  fact,  and  to  point  out,  as 
if  it  required  emphasising,  that  there  is  nothing  foreign  to  geographical  thought 
in  the  association  of  get^rapby  and  patriotism,  and  that  Uie  home  country  is 
•worthy  of  careful  studv,  puticnlarlf  when,  as  with  us,  our  home  conntn  is  not 
Toifahira,  nor  Englana,  noi  theUmted  Kingdom,  but  the  whole  British  Empire. 
Iliat  ia  my  justdfication  and  my  apology  for  taking  Political  Geognphy  and  tiu> 
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British  Empira  u  my  lulgect,  if  justiGcation  and  apology  saem  to  any  one  to  b« 
neceuarj.  To  the  KSDerous  hearts  of  our  diitbguUbed  foruign  vuitora  who  hoDOUi 
us  quite  as  much  as  thej  delight  ui  bj  their  presence,  I  am  sure  of  my  appeal. 
ETsry  true  man  loves  his  own  country  the  beat  in  the  world.  That  beautifying 
love  of  country  does  not  require  him  to  be  ignorant  of  or  to  hate  other  countries. 
The  cummiinity  of  the  civiliaad  nations,  no  longer  to  be  described  as  Chriat«iidoiu 
even,  for  Japan  has  been  received  into  it,  is  a  mif^hty  fact  in  geography  no  leea 
than  in  politica.  To  love  mankind  one  must  beg^n  by  loving  individuals;  before 
attaining  to  true  cosmopolitaDism  one  must  first  be  patriotic, 

Now,besidea  dealing  with  the  topography  of  the  globe,  geography  considers  also 
the  collective  distribution  of  all  animal,  vegetable,  and  mineral  productions  which  are 
found  upon  its  surface.  The  aspect  of  the  science  which  deals  with  man's  environ- 
ment, and  with  those  influences  which  mould  bis  national  character  and  compel 
his  social  aa  well  as  his  political  organisation,  is  profoundly  interesting  intrinsically 
and  of  enormous  practical  uaerulness  when  rightly  applied.  Given  the  minute 
topography  of  s  country,  a  complete  description  of  its  surface  features,  its  rivers, 
mountains,  plains,  and  boundaries,  a  full  account  of  its  vegetable  and  mineral 
resources,  a  knowledge  of  ita  clioiatic  Tariations,  we  have  at  once  ^scloaed  to  us 
the  scene  where  we  may  atndy  with  something  like  clearness  man's  procession 
through  the  Affee.  Many  of  the  secrets  of  human  action  in  the  past  are  exptuned 
by  the  land-forms  of  the  globe,  while  existing  social  conditjons  and  sodal  OTfraniaa- 
tions  can  often  thereby  be  intelligently  examined  and  understood.  Persistent 
national  characteristics  are  often  easy  to  explain  from  such  considemtions.  For 
instance,  the  doggedoess  of  the  Dutch  river-population,  caused  very  greatly  by  ft 
perpetoal  strugt^e  against  the  sea,  oi  the  commercial  carrier-instinct  of  the  Nor- 
wwians,  thosa  northern  folk  bam  in  a  country  which  is  alt  sea-coast  of  countleM 
inSntations.  Having  few  products  to  barter,  the  Norwegians  hire  themselvea 
to  transport  the  merchandise  of  other  peoples.  We  British  also  were  obviously  pre> 
destined  to  isolation  and  insularity,  when  perhaps  in  the  human  period  the  Thames 
ceased  to  be  a  tributary  of  the  Rhine.  Our  Irish  fellow-countrymen  were  similarly 
fated  for  all  time  to  lead  a  separate,  special,  and  national  lifti  apart  from  our  own, 
when  at  a  still  earlier  period,  geologically,  ibe  Irish  Channel  was  formed. 

Such  large-scale  facts  are  not  to  be  overlooked;  there  are  others,  however,  of 
TBTying  degrees  of  prominence.  Some  merely  require  to  be  interpreted  thought- 
fully, while  others,  after  diligent  study,  may  still  remain  dulnous  and  matter  for 
rulation.  Geography  is  the  true  hasia  at  historical  investigation  and  the 
idation  of  contemporary  movements.  At  the  present  time  great  social  and 
political  changes  are  occurring  throughout  the  world— in  Europe,  Asia,  Africa,  and 
America,  ana  in  the  islands  of  the  great  seas.  These  changes  are  absolutely 
dependent  upon  the  physical  peculiarities  of  the  difieient  Lands  acting  upon 
generations  of  men  during  a  prolong  period  of  time.  Aa  a  consequence  of 
certain  soils,  geographical  characteristics,  and  climates,  we  notice  how  hardi 
surroundings  have  disciplined  some  races  to  hardiness  and  strenuous  industry, 
accompanied  by  keen  commercial  activity,  which  is  itself  both  a  result  of  in- 
creasing population  and  the  cause  of  still  greater  overcrowding.  Then  we  see 
other  people  at  first  sight  more  happily  circumstanced.  With  them  tbe  stm^le 
to  live  is  less  ferocious,  their  food  is  found  with  little  toU.  But  we  perceive  that 
the  outcome  of  (^nerations  of  Nature's  favouritism  has  been  to  leave  them  lesa 
forceful  and  less  ingenious  in  the  never-ending  warfare  of  existence.  By  com- 
parison they  grow  feeble  of  defence  against  Uie  hungrier  nations,  ravenous  for 
provender.  Man  for  ever  preys  upon  his  own  kind,  and  an  easy  life  in  bland 
surroundings  induces  a  flabbiness  which  is  powerless  against  the  iron  traininir  of 
harsh  latitudes,  or  against  the  fierce  energy  and  the  virile  strength  produced  by 
bcreditorv  wrestling  with  unkindly  ground. 

The  discovery  of  America  and  Vseco  da  Qama's  Toyage  round  tbe  Cap« 
originated  movements  and  brought  into  play  those  subtle  innuencee  of  foreign  lands 
vpon  alien  sdoumers,  and  through  them  upon  their  distant  kindred,  which  alter 
ue  course  of'^history  and  modiry  national  manners  and  perhaps  national  charsc- 
terisiics  also.    The  colonisation  of  territories  in  the  temperate  zone  by  European 
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Governments,  teptntad  by  TMt  oceannipacM  from  th.m  ofiUioots,  hu  gircci  origia 
to  Dew  And  distinct  natioDs  diflerent  from  the  oarent  stock  in  modes  of  thonj^t 
and  in  wajs  of  lire,  a  result  due  matul;,  no  aoubt,  to  local  pbjsical  oonditioiw, 

but  in  part  also,  if  only  in  partj  to  detachment,  to  complete  and  actual  MTeraiica 
from  lie  mother  country.  This  brings  us  to  that  most  int«reetiiif(  and  important 
topic,  geographically  speaking,  of  Distance,  an  aspect  of  oar  science  which  ii  of 
the  utmost  concern  to  traders  and  to  stateamen  ;  indeed,  an  eminent  German 
geographer  defines  geograpliy  as  the  ScieDce  of  Distances.  To  thia  subject  of 
Distance  I  wish  in  particular  to  direct  your  attention,  and  especially  to  it* 
bearings  upon  tbe  British  Empire. 

The  British  Empire  is  equal  in  size  to  four  Earopes,  while  ita  population 
approximates  four  hundred  millions.  Although  that  may  seem  a  somewhat 
grandiloquent  method  of  description,  it  is  a  fdirly  accurate  statement  of  fact.  Still 
more  interestintf  to  us  is  another  truth— that  outude  of  these  ialands  we  haTe 
eome  ten  millions  of  whit»4kinned  English -speakins  fellow-subjects,  ^eao 
islands  are  scarcely  more  than  oneJiundredth  part  of  the  whole  Empire,  although 
we  count  aa  foui^fths  of  its  white  population ;  of  the  total  number  of  the  Queen's 
subjects  we  are,  however,  no  more  than  a  tenth. 

BritUh  Empire  is  somewhat  of  a  misnomer,  just  as  tbe  North  American  and 
Australian  Ciolonies  were  never  colonies  at  all  in  the  classical  sense  of  tbe  word. 
For  the  colonies  are  not  independent  of  the  mother  country.  An  empire  assin 
really  means  a  number  of  subject  peoples  brought  together,  and  at  first  held  to- 
gether, by  force.  India  it  an  empire  for  instance.  Some  new  title  or  phrasa 
would  have  to  be  invented  to  descnbe  accurately  all  the  posseaaiona  of  the  British 
Crown  from  the  QoTemment  of  India  through  all  possible  grades  of  tcore  or  less 
direct  control  until  we  come  to  sume  colony  with  representatiTe  institutiona,  and 
thence  to  the  great  commonwealths  with  responsible  legialatora  and  rospocsiUe 
cabinets.  Happily,  however,  there  is  no  need  now  for  any  novel  desigDatioQ. 
The  style  SriiuA  Empire  has  become  in  time  of  stress  a  rallying  cry  for  all  the 
Queens  subjects,  and  the  term  has  been  sanctified  by  the  noble  eager  devotion 
shown  to  her  Hajes^,  both  as  a  beloved  and  venerated  constitutional  sovereign, 
and  as  the  common  bond  of  unity  between  those  great  self-governing  daughter- 
nations  which  we  in  the  past  were  accustomed  to  speak  of  as  'our  colonise.' 
Consequently  Britith  Empire  has  henceforward  a  clearly  defined,  adistinct ,  a  national 
Hignificanoe,  just  as  Imperialism  has  a  spedal  and  peculist  messing  to  all  of  us. 
We  understand  by  British  Empire  and  hjBritith  Jmperiaiiim  a  confederacy  of  many 
lands  under  the  rule  of  ber  Britannic  Majesty.  This  confederacy  u  dominated  by 
white  peoples — Anglo-Saions,  Celts,  French-Canadians,  and  others— knit  together 
in  most  instances  1^  the  ties  of  blood  relationship,  but  with  equal  if  not  greater 
closen^M  by  common  interests,  an  identical  dvilieation,  and  a  love  of  lib^y,  in 
addition  to  that  dignified  but  enthusiastic  acceptance,  already  referred  to,  of  the 
constitutional  sovereignty  of  the  same  Queen.  We  may  hope  tliat  generous  demo- 
cratic expansiveness  and  social  aiwimilation  will  also  in  time  detain  witlingly  within 
the  limits  of  this  British  confederacy  of  white  peoples  those  other  Christians  and 
distaut  kinsfolk  of  oura  in  South  Africa  who  are  at  present  so  bitterly  antagonislic 

Ruled  and  controlled  under  liberal  ideals  by  the  centre  of  authority  there  are, 
in  addition,  the  great  subject  territories  whose  non-Christian  population  are  lets 
advanced  in  moral  and  material  progress.  They  exhibit  indeed  every  degree  (A 
backwardnees,  from  the  barbarism  of  tbe  savagest  tribesman  to  the  inteiilec£«l  bjt 
archaic  civilisation  of  ancient  Astatic  nationalities, 

Concerning  the  British  Empire,  and  comparing  it  with  other  empires,  ancient. 
recent,  or  now  existing,  its  two  most  remarkable  features  are  its  prodigious  and 
long-conliuued  growth  and  the  persistency  of  its  power.  It  cannot  to  all  seeming 
grow  much  linger,  irom  lack  of  expansive  possibility.  But  it  is  unprofitable  to 
predict,  Every  step  which  has  been  taken  in  the  way  of  extension,  particularly 
of  late  years,  has  been  against  the  wishes  and  in  almost  passionate  opposition  to 
the  views  of  large  sections  of  the  people.  Yet  the  procees  of  enUigement  hs* 
gone  on  continually,  l>eing  often  in  actual  despiti  of  a  Govonment,  wbosa 
members  find  themselves  poweilees  to  prevent  nbsorptiosa  and  coucreticna  which 
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tbe^  would  gladly  avoid.  Objections  to  this  perpetual  growtli  of  empire  in 
territory,  and  to  tbe  resultinfr  responBibility  whicli  we  not  altojrether  willingly 
accept,  are  unaDswerable  theoretically.  The  too  heavy  and  coDtinunlly  increaung 
Btrain  upoD  our  militaiy  TeKOurcea  every  one  can  appreciate.  The  iirait  in  power 
of  the  strongest  navy  in  the  world  ia  at  least  as  obvioua  as  the  vital  neceuity 
that  our  Navy  be  largely  and  ungnidg^gly  atreogtheoad.  Naturally  the  ay  of 
cautious  patriotic  men  is  the  same  now  thiit  it  haa  always  been — 'Oonfiolidate 
before  you  step  farther.'  In  India,  owing  to  conacientioua  and  atrenuouB  opposi- 
tion to  every  suggestion  of  eipanmon  and  to  the  almost  violent  form  which  that 
Opposition  often  took,  our  progreaa  hna  been  on  the  whole  slow  and  comparadvely 
safe.  We  have  (I,  of  course,  avoid  all  allusion  to  very  recent  policy)  as  a  rule 
consolidated,  strengthened  ourselves,  and  made  our  ground  aure  before  another 
advance.  But  there  ia  a  general  impression  that  in  other  parts  of  the  world  we 
have  been  hastily  and  unfortunately  acquisitive,  whether  we  could  help  it  or  not ; 
that  the  new  provinces,  districts,  and  protectorates  are  some  of  them  weak  to 
Quidity ;  that  the  great  and  unprecedented  ^owth  of  tbe  Empiro  has  led  to  a 
atretching  and  thinning  of  its  holding  links  which  are  overstrained  by  the  w^ht 
of  unwieldy  aztension  and  far  beyond  the  help  of  a  pTot«ctiiig  hand.  I  hope  to 
be  able  to  show  that  in  some  important  respects  this  suspicion  ia  not  altogether 
true  i  that  science,  human  ingenuity,  and  racial  energy  have  given  us  some  com- 
penaalions,  and  that  it  is  not  paradoxical  nor  incorrect  to  say  that  our  recent 
enormous  growth  of  empire  has  bsen  everywhere  accompanied  by  a  remarlcablfi 
shrinkage  of  distances — by  quicker  and  closer  intercommunication  of  all  its  parts 
one  wiUi  another  and  with  the  heart  centre.  In  short,  the  British  Empire,  in 
spite  of  its  seemingly  reckless  oub^read,  its  sometimes  cloudy  boundaries,  ita 
almost  vogue  and  apparently  meaningleas  growth,  ia  at  the  present  day  more 
braced  together,  more  manageable,  and  more  vigorous  as  a  complete  organisation 
than  it  was  sixty  years  ago.  The  difierence  between  its  actual  extent  in  the  last 
year  of  the  century  and  ita  size  at  the  date  of  tbe  Queen's  accesaion  can  be 
eatimatod  by  a  glance  at  a  remarkable  fteriea  of  maps  published  inthe'Stateatnan'a 
Year-book  for  1897,'  while  since  1807,  and  at  this  instant  as  we  all  know  well, 
ita  mighty  bulk  is  being  still  further  increased. 

The  world  as  a,  whole  has  strangely  co(itracted  owing  to  a  bewildering  increase 
in  lines  of  communication,  to  our  more  detuled  geographical  knowledge,  to  the 
formation  of  new  harboun,  the  extension  of  railways,  the  increased  speed  and  the 
increased  number  of  steamships,  and  the  greatly  augmented  carrying  power  of 
fp«at  sailing  vessels  built  of  steel.  Then,  hardly  second  in  importance  to  these 
mfluences  are  the  great  land  lines  and  tbe  aea-cables,  the  postal  improvementa,  the 
telephones  and^ierbaps  we  may  soon  add,  the  proved  commercial  utility  of  wireless 
telegraphy.  This  unifersal  time-diminution  in  verbal  and  personal  contact  has 
brought  tbe  colonies,  our  dependencies,  protectorates,  and  our  dependencies  of 
dependencien,  closer  to  each  other  and  all  of  tbem  nearer  still  to  ua.  Measured  by 
time-dUtance,  which  is  the  controller  of  the  merchant  and  the  cabinet  minister 
just  as  much  as  of  the  soldier,  tbe  world  hns  indeed  wondcrfullT  contracted,  and 
with  this  lessening  the  domioious  of  the  Queen  have  been  rapidly  con.'ulidating. 


s  this  powerful  influence  by  any  means  exhausted.     In  the 
aay  anticipate  equally  remarkable  improvements  of  a  like  kind,  especially  iu 
ailwajf,  telegraph  lines  and  deep-sea  cables,  and  in  other  scientific  discoveries  for 


tranamittiag  man's  raesaagca  through  water,  in  the  air,  or  perhaps  by  the  vibra- 
tions of  the  earth.  For  us  particulariy,  railway  schemes  of  expansion  must  be 
mainly  lelied  upon  ta  open  up  and  to  connect  distant  parts  of  the  Empire.  Our 
true  and  only  trustworthy  road  of  intercom municaljon  between  the  heart  of  the 
Empire  and  its  limit^s  must  always  be  tbe  sea.  For  general  trade  purposes,  such 
88  the  convenience  of  business  travellers,  all  continental  lines  and  all  the  great 
projected  ririlwaye  will  be  help&il,  whatever  nation  controls  them  ;  but  our  certain 
aecurity  it  the  see,  the  sea  which  protects  us,  which  lias  taught  us  to  be  an 
Imperial  people.  If  we  ever  forget  that,  there  cany  be  a  calamitous  awakening. 
We  must  not  be  persuaded  to  build — or  at  any  rato  to  place  reliance  upon — land 
londa  or  railways  through  regions  inhabited  by  tribes  and  peoples  over  whom  we 
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lure  not  complete  militttrj  u  veil  as  political  control.  Feruu),  Aralwui,  North 
Airicsn  mlw&;  projects  ira  happil;?  t«r«ly  heard  oi  dow.  As  national  enter- 
prise* they  never  were  and  never  could  be  practicable,  or  otliemiBo  than  dangeroua 
mistakes.  We  are  a  world-powor  solely  because  of  out  wonhip  and  because  of 
our  coronumd  of  tbe  sea.  In  the  future  also  we  ihall  reniun  a  world-power  only 
•0  long  *s  we  bold  command  of  tbe  sea  in  the  fuUset  sense  of  the  term,  not  merelj 
1^  tbe  force  and  efficiencv  of  the  fighting  navy,  but  hy  the  excellence  and  the 
perfecting  of  our  mercantile  marine,  by  increasing  its  magnitude,  canying  power, 
ted  speed,  and  by  anxiously  attending  to  iU  Tecruitment  by  British  sailon,  W« 
moat  not  attempt  to  overtax  our  reeources  to  guard  railway  tines  through  foreign 
Bemi-ciTilised  or  savage  countries  by  exported  or  local  armie*.  A  heavy  land 
nsponsibility  liea  upon  us  already.  Under  a  little  more  we  might  be  easily  otct- 
ireighted  and  crushed  down.  We  must  concentrate  all  our  anrplne  enei^ea  upon 
our  aea  commanications.  Thereibre  the  railway  lines  which  I  spoke  of  as  helping 
to  consolidate  the  Empire  in  the  near  future  are  those  only  which  are  projected  or 
are  being  buUt  in  the  various  colonies  and  dependencies,  lines  to  distfibute  and 
collect,  to  connect  provincee,  and  feed  harbours.  Tbe  mighty  Oanadian  Pacific 
Bailwaj  is  unique  in  the  Em^re.  It  not  only  complies  with  all  these  require- 
gaentajbut  in  addition  it  provides  to  Auatralia  and  tbe  Eastern  dependences  an 
alternative  road,  convenient  and  safe.  As  I  said  before,  all  railways,  wherever 
built,  will  probably  belp  ui  directly  or  indirectly  in  the  long  run,  provided  we 
ue  never  committed  to  the  protection  of  any  one  of  them  outude  of  our  owd 
boundaries. 

And  what  has  been  said  about  rulwaya  applies,  with  obvious  modifications,  to 
telegraph  lines  and  to  maritime  cables.  'The  more  general  the  eiteoaion  of  tbeee, 
•od  ttie  more  numerous  they  become,  the  greater  benefit  will  there  be  to  this 
connby  in  its  double  capacity  as  tbe  greatest  trader  and  the  fr^eateet  carrier  of 
merchandise  in  the  world ;  while  the  actual  equivalent  to  a  diminution  of  timo- 
distanoe  in  travelling  is  to  be  found  in  the  instantaneous  verbal  meas^  which  can 
be  desnatched  to  the  most  distant  point  of  the  Empire.  But  we  ought  certainW  to 
join  all  the  shores  ofthe  Queen's  dominions  ly  sea-cables  completely  controlled  by 
Britjah  authority.  To  rely  upon  connection  between  our  own  cables  through 
telegraph  systems  stretching  across  foreign  countriee,  however  friendly,  or  to 
permit  the  ends  of  these  sentient  nerves  of  the  Empire  to  emerge  upon  shores 
which  might  possibly  become  an  enemy's  country,  is  dangerous  to  the  point  of 
recklessness,  that  parent  ot  disaster.  As  a  melancholy  instance  of  my  meaning 
it  is  only  neceesarv  for  us  to  remember  the  Pekiu  catastrophe— how  we  suffered 
from  those  dreadful  intervals  of  dead  silence,  when  we  could  not  even  communi- 
cate directly  with  out  own  naval  officen  at  Taku,  or  with  anv  one  be^rmd  Shanghai, 
although  we  have  in  our  poeeesaiou  a  place  of  arms  at  Wei-hai-Wei  upon  the  Gulf 
of  PecnilL  It  is  obvious  that  we  ought  to  have  an  all-British  cable  for  pure 
Strategic  reasons  as  far  as  Wei-hai-Wei,  our  pennanent  military  outpost  on  the 
mainland. 

Now  to  give  some  aupfeation  of  tbe  increased  fadlities  for  carrying  mer- 
chandise, for  conveying  paMengers  quickly  about  the  world,  and  for  the  sending 
of  mesaasea  to  all  parts  of  the  earth,  a  few,  a  very  few,  salient  facta  may  h« 
quoted  about  ships— eailing  shipe  and  sleam  vessela— and  about  telegraphs  and 
cables. 

In  1870  there  were  no  more  than  ten  British  sailing  ships  which  exceeded  or 
reached  two  thousand  tons  burden.  lu  1892  tbe  jatds  on  the  Clyde  alone  laonched 
forty-six  steel  sailing  ships  which  averaged  two  thousand  tons  each.  In  1S0S  the 
number  of  large  ateel  sailing  ships  being  buUt  in  the  United  Ein^om  was  down 
to'twenty-three,  and,  speaking  genenllv,  it  is  inevitable  that  sailing  vessels  most 
fpm  way  to  ocean  steamships  for  moat  "lunds  of  cargo — cattle,  coals,  wool,  grain, 
oil,  and  everything  dss.^i?,   e<"'   KtV'^  ""■-'>    ~  MR 

Now  let  UB  turn  to  the  results  in  shortening  journeys  accomplished  hy  the 
pnwws  made  in  the  construction  and  in  the  driving  machinery  of  steamship! 
within  the  last  forty  years,  which  has  especially  been  fruitful  in  auch  improro- 
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During  this  century  tlie  six  inoutlis'  Toyage  round  tlis  Cape  to  Indift  became 
t  forty  and  then  &  thirty  d&js'  journef  bj  what  was  knawQ  ia  the  OTerland  route 
tot  mails  and  paMen^^ers  througli  Egypt.  By  degrees  it  bad  become  shorter  still 
l^  the  railway  extensions  on  the  Continent  and  by  the  unbroken  steamBhip  paMage 
tbroQgh  the  Sues  Canal,  until  now  the  mails  and  burrjing  travelleia  may  reacll 
London  io  twelve  or  fourteen  days  after  kaying  Bombay  ;  and  the  great  liners 
of  the  P.  &  0.  Company  can  arrive  in  the  Thames  eight  days  later.  This  famou* 
corporation,  after  her  Majesty  had  been  reigning  nearly  t«n  years,  posaeeaad  only 
fourteen  ships,  with  an  aggregate  of  14,60U  tons.  Now  it  owns  a  princely  fleet 
of  fifty-three  oceaa  steamsrs,  with  a  total  capacity  of  143,830  tons.  FracacKlly 
the  Toyage  to  India  in  her  Majesty's  reign  nas  been  diminiabed  by  one-half  at 

Also  since  the  Queen's  accession  the  psssiige  between  the  British  Isles  and  the 
ComroonweaJth  of  Australia  has  grown  shorter,  from  the  ninety  daye  taken  by  the 
sailing  clippers  to  the  fifty-three  days  occupied  by  Brunei's  Great  Britain,  At 
the  present  time  it  lasts  from  thirty  to  thirty-fiTe  days  by  the  Suez  Canal  route, 
while  it  bas  been  finished  in  as  little  as  twenty-ught  days.     Australia  is  cons»- 

Suently  only  half  as  far  away,  in  time,  as  it  was ;  while,  if  the  Suez  Canal  wer« 
[osed  for  any  reason,  we  have  at  onr  disposal,  in  addition  to  the  Cape  route  with 
its  quick  steamers,  which  is  linked  to  us  by  the  Pacific  Ocean  road,  the  splendid 
serrice  of  that  Empire-conaolidator,  the  Canadian  Pacific  Bailway. 

The  important  part  played  by  the  Sues  Canal  in  this  connection  will  be  discussed 
a  little  later.  Now  I  am  merely  indicating  by  a  few  well-known  lacts  tha 
diminution  of  distance  by  the  improvements  which  have  been  made  in  the  ships 
themselves  and  in  their  propelling  machinea. 

Across  the  Atlantic  the  rapidity  of  travelling  and  tha  general  average  speed  of  all 
cargo  steamers  bare  increased  remarkably.  Very  interesting  statistics  on  this  point 
were  given  to  the  British  Association  for  the  Advancement  of  Science  last  year,  at 
Dorer,  by  Sir  William  White  in  the  Presidential  Address  of  Section  G.  We  may 
say,  without  repeating  details,  that  during  the  last  half  of  the  nineteenth  centuiy 
the  breadth  of  the  Atlantic  has  practically  been  diminished  one-half. 

In  1867  the  Union  Company  contracted  to  carry  mails  in  tbirty-aeven  days  to 
the  Cape.  Now  the  contract  time  is  nineteen  days.  This  again  diminishes  tha 
distance  by  one-half.  Asaninstanceoftheremarkablechange  which  has  been  mada 
in  steamships  within  forty  years,  it  may  be  mentioned  that  the  first  Norman  of  the 
Union  Company  took  forty-two  days  to  reach  the  Cape,  while  the  present  Sorman 
has  covered  the  joumev  in  fourteen  days  twenty-one  hours.  I  need  not  specify 
particularly  the  equivalent  acceleration  of  speed  upon  other  great  steamsliip  lines. 
All  onr  sea  distances  have  been  shortened  60  to  60  per  cent,  in  an  identical  way. 

It  is  not  too  bold  to  predict  that  the  Atlantic,  from  Queenstown  to  New  York, 
will,  before  long,  be  steamed  in  leea  than  four  days.  The  queetion  has  now 
resolved  itself  simply  into  this — will  it  pay  shipowners  to  bum  so  much  coal  as  to 
ensure  these  rushing  joumeys  before  a  cheaper  suhstituto  for  coal  is  found  F  Wa 
know  that  a  torpedo-destroyer  has  been  driven  through  the  water  at  the  rate  of 
forty-thrte  miles  an  hour  by  the  use  of  the  turbo-motor  instead  of  reciprocatlpg 
engines.  Consequently  an  enormous  increase  in  the  present  speed  of  the  great 
AUantic  lioers  is  certain  if  the  new  system  can  be  applied  to  large  veeaela.  By 
such  very  swift  steamers,  and  by  the  example  they  will  set  to  all  established  and 
competing  steamship  companies,  the  journey  to  Cfanada  and  subsequently  to  all 
other  parts  of  the  Empire  will  be  continuaUy  quickened,  until  predictions  which 
would  now  sound  extravagant  will  in  a  few  years  be  umple  everyday  facts. 

We  must  turn  next  to  the  subject  of  tel^raphic  communication,  espedslly  as 
it  reUtes  to  the  British  Empire. 

The  mazes  of  land-lines  and  of  sea  and  ocean  cables  are  too  numerous  and 
intricate  to  be  described  in  detul.  Also  the  ^neral  eSect  of  this  means  of  bringing 
fstant  peopie8together,andit8  transcendent  importance  for  political,  strategic,  and 
trading  purposes,  need  not  be  too  much  insisted  upon  in  this  place,  so  obvious 
vast  tbay  he  to  everv  one.  Yet,  great  as  has  been  its  power  and'advantage  in  all  of 
those  directions  in  tba  past,  it  is  certain  that  still  greater  development  and  still 
greater  service  to  the  world  will  follow  in  the  future  even  from  existing  syetemS) 
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not  to  Bpeak  of  their  ccrUIa  and  eaormona  poenbilities  nf  growth.  In  the  celeiilV 
of  the  actual  deqiaUsh  of  a  message  we  need  not  ask  for  mucli  improvenient. 
Lightaing  speed  will  be  probabW  eulGcient  for  our  go-abead  cbildren  of  the 
twentieth  century.  But  where  we  may  expect  and  ahsJl  undoubtedl;  get 
incTBsaed  success  1b  in  multiplied  facilities  for  sending  telegrams  all  over  the  earth, 
And  in  widening  their  usefutnesa  and  convenience  to  all  ranks  and  sections  of  the 
community.  To  ohCuQ  these  necesaar;  advantagee  there  are  two  requisites — 
titst  a  great  and  general  cheapening  at  tariffs  and,  as  a  certain  consequence  of 
such  reduced  charges,  a  duplication  or  even  a  quadrupling  of  many  of  the 
present  cables  to  prevent  blocking- ;  and,  secondlr,  an  indefinite  extenaion  of  both 
lines  and  cables  everywhere.  Progress  in  submarine  telegraphy  undoubtedly  meani 
a  lessening  in  the  price  of  ser;ice  and  a  firmer  control  b^  the  State,  as  an  obvious 
corollary  to  the  large  help  to  the  companies  already  given  by  tne  general  tai- 
payer,  quite  as  much  as  it  means  those  scientific  inventioas  and  scientific  discoveriee 
wbicli  the  coming  years  have  in  store  fov  us.  At  the  present  time  the  charges  are 
far  too  high,  ridii:ulously  so  as  regards  India,  and  the  use  of  the  great  cables  is 
therefore  very  often  beyond  the  power  of  the  small  capitalist  and  the  trader  of  the 
middle  sort.  Yet  cerCain  and  early  news  is  of  supreme  importance  to  larfce 
numbers  of  both  classes.  Its  absence  hampers  or  stops  bumness,  while  its  price  is 
too  severe  a  tax  upon  average  profits.  This  fact  has  led  to  the  invention  of 
ingenious  and  elaborate  codes.  They  might  poaaibly  have  btfen  devised  in  any 
case ;  but  there  is  no  doubt  that  mesaages  by  code  would  be  certainly  expand^ 
so  a«  to  prevent  all  possible  ambigiuty,  if  telegraphing  to  distant  countries  were  not 
so  costly.  The  spreading  of  land-lines  and  sea-cables  about  the  earth  haa  gone  on 
rapidly  unce  1870;  to  the  extent  that  those  already  completed  would  seem  even  to 
be  in  advance  of  their  requirement,  if  that  requirement  were  to  be  measured  by 
their  full  employment,  Nevertheleas  it  is  to  be  wished  that  new  (Nimpsiues  could 
be  formed  and  new  lines  laid  down  to  excite  competition  and  thereby  to  cheapen 
rales ;  or  else  that  our  Government  should  stop  in  and  regulate  chai^ies  over 
subsidised  Biitish  lines.  For  the  power  of  the  great  telegraph  corporations,  by 
reason  of  their  monetary  resources,  enables  them  to  overcome  ordinary  rivalry  and 
to  treat  public  opinion  with  indifference.  A  general  cheapening  of  rates  has 
constantly  been  foUowed  by  increased  profits,  earned  by  the  resulting  augmentation 
of  traffic,  but  it  needs  an  enterprising  directorate  to  face  the  necessary  initial 
expenditure,  except  under  pressure.  Boldness  and  foresight  in  finance  are  natU' 
rally  less  prominent  features  in  the  management  of  the  great  telegraph  companies 
than  contentment  with  a  high  rate  of  interest  on  invested  capital.  All  their  energy 
and  watchfulness  are  employed  to  crush  competition  rather  than  to  extend  their 
activities  indefinitely.  MoreoveT,  money-making  is  their  business,  not  Imperial 
statesmanship.  If  it  were  a  question  of  the  added  security  or  the  close  coupling- 
up  of  the  Empire  (which  are  probably  synonymous)  on  the  one  hand  and  a  loea  of 
profit  (howerer  splendid  the  divideads  might  still  remain)  on  the  other,  we  know 
what  would  be  the  result  of  their  deliberations. 

Important  as  are  the  sea-cables  for  statesmen,  for  strategy,  and  for  commerce, 
they  are  or  will  be  equally  important  socially  to  keep  up  intimacy  and  swift 
ilf  in  Britain  and  half  in  Indi      " 


I  between  families  half  in  Britain  aed  half  in  India  for 
between  friends  and  relations  in  these  Islands  and  in  the  great  Colonies.  Tbey 
might  be  made  to  give  the  sensation  almost  of  actual  contact,  of  holding  the  baud 
of  your  friend,  of  speaking  directly  to  his  heart  It  is  this  interchange  of  per- 
sonal news  and  private  wishes,  qmte  as  much  as  the  profound  political  and  com- 
mercial aspects  of  lightning  communication  with  all  parts  of  the  EmpLte,  which 
will  bind  the  Empire  in  bonds  stronger  than  steel,  easy  as  affection,  to  bold  it 
together  with  unassailable  power.  Consequently  the  health  and  strength  of  the 
Empire  depend  very  greatly  upon  a  cheapening  of  tele^apb  charges.  Doubtlfaa 
a  time  will  come  when  all  our  main  cables  of  the  first  importance  will  be  in  the 
hands  of  Government,  when  they  will  only  touch  upon  British  territory,  and  when 
they  will  be  all  adecjuatelj'  protected  Irom  an  enemy.  Those  are  truly  Im- 
perialistic and  patriotic  aspirations.  But  we  muat  never  forget  the  grand  part  in 
Drilling  together,  within  whispering  distance  as  it  were,  the  dififorent  parts  of  (he 
world,  and  consequently  of  our  world-wide  Empire,  which  has  been  taken  in  the 
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put  hy  BUeli  Napolaonic  orgKDiaen  as  the  late  Sii  John  Peoder.  It  ifi  to  him  and 
to  auch  men  as  be  that  wa  owe  those  Bplendid  b^Doinga  which  bj  meaiia  of  vital 
raSnxes  from  the  nerve-ceiitre  of  the  Empire  hftve  helped  to  fire  our  white  felloir- 
aubJHcts  all  over  tha  globe  with  a  loftier  pabiotism  and  with  new,  brare,  and 
broader  idaals  of  nationolitj. 

It  was  coincident  with  the  opening  of  the  Snei  Canal  in  1860  that  the  IiTelie^ 
intetett  began  to  be  taken  in  eea-cablM,  and  a  master  mind  perceived  their  com- 
mercial poaaihilities.  Before  that  time  the  auccem  of  the  conatrueting  companies 
bad  not  been  great.  Sir  John  Pender  then  founded  the  famous  FjMtem  Telegraph 
Company  bj  the  amalgamation  of  four  existintr  lines,  which  had  tc^ther  laid 
down  8,600  milea  of  sea-cables,  besides  erecting  land-lines  also.  A  year  later,  in 
167S,  from  three  other  companies  he  formed  the  Eastern  Extension  Australasia 
and  China  Telegraph  Companj,  which  jointly  pouesaed  6,200  miles  of  sabnuuine 
lines.  From  that  date  the  extension  of  electric  communication  to  all  parts  of  the 
earth,  over  wild  as  well  as  over  civilised  countries,  and  beneath  the  salt  water,  haa 
only  been  equalled  by  their  average  remunerativeness.  Now  there  are  176,000 
miles  of  Bufamerired  cables  alone,  of  which  this  country  owns  no  less  tban 
118,000  milM.  The  history  of  some  of  these  cables  is  full  of  interest,  and  might 
attract  tha  delighted  attention  of  the  lover  of  pictureaaue  romance  no  less  than  of 
the  Btudent  of  commercial  geography.  It  also  supplies  suggesttons  and  many 
facts,  both  to  the  physical  gec^spfaer  and  to  the  student  of  seismic  phenomena. 
Science  hss  taught  the  companies  to  economise  time,  labour,  and  material  in  cable- 
laying  operations,  as  well  as  how  to  improve  the  working  instruments.  Human 
ingenuity,  business  perception,  and  organising  power  have  shown  once  more  ttiHT 
startling  possibilities  when  directed  and  controlled  by  cool,  clear-«yod  intelligence 
comtdned  with  general  mental  capacit]'. 

It  is  only  necessary  to  reaffirm,  for  the  reasons  already  fnven,  the  national,  tha 
imperial,  the  commonwealth  requirement  for  cheap  telegraphy,  and  the  profound 
necessity  there  is  both  strategically  and  politically  for  complete  government  con- 
trol by  purchase,  guarantee,  or  other  equitable  mesns  over  main  cables  which 
connect  Great  Britain  with  her  daughter  states,  her  Indian  empire,  and  her  depen- 
dencies. Our  communications  with  out  own  folk  must  be  independent  of  private 
companies  and  completely  independent  of  all  foreign  nations. 

All  the  details  which  I  have  given  are  illustrative  of  man's  successful  energy 
ftnd  of  his  progressive  ingenuity  in  enslaving  the  great  forces  of  the  earth  to 
diminish  distance,  to  shorten  world-journeys,  and  to  speed  world-messages. 
Another  human  achievement,  the  piercing  by  Lesseps  of  tne  Suez  isthmus,  has 
had  remarkable  consequences.  It  bad  been  talked  of  in  England  centories  ago. 
Christopher  Marlowe  makes  Tamerlane  brag  :— 

'  And  here,  not  far  from  Alexandria, 
Whereas  the  Tyrrhene  and  the  Red  Sea  meet, 
Being  distant  less  tban  full  a  bundled  leagaes, 
I  meant  to  oat  a  channel  to  them  both 
That  men  might  quickly  sail  to  India.' 

The  illustrious  French  engineer  solved  one  great  problem  in  1809,  only  to 
originate  others  which  are  of  profound  importance  to  commercial  geography — and 
to  the  British  Empire  most  of  all.  The  Suez  Canal  hae  brought  India  uid  the 
Australasian  Commonwealth  wonderfully  near  to  our  shores.  It  has  greatly 
diminished  many  time-distances,  but  why  has  it  not  injured  our  Eastern  tradei* 
Also  is  there  any  danger  or  menace  oi  danger  to  that  trade  F  From  the  very 
beginnings  of  the  great  commerce,  the  Eastern  trade  has  enriched  every  nation 
which  obtained  its  chief  share.  It  has  been  the  seed  of  the  bitterest  animoeilies. 
It  alienated  Dutch  and  English,  blood  relations,  co-rellgionists,  co-reformers,  into 
implacable  resentment,  and  bitter  has  the  retribution  been.  On  the  other  hand  it 
brought  into  temporary  alliance  such  strange  bedfellows  as  the  Turks  of  the  six- 
t«enthcenturyand  the  Venetians.  At  the  preaent  day  what  in ternationil  jealousies 
and  faeartbnminga  has  the  same  rivalry  not  fostered  I  For  all  the  trading  peoples 
know  how  vital  is  that  traffic. 

In  the  earliest  days  of  commerdAl  ventorings  the  Eastern  trade  focused  at 
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Alexandru,  afUirw ards  at  Const&ntinople  tad  tha  Italian  '  faatorj  *  sUtions  of  tlia 
Eastern  Ueditsmne&D.  Barbarous  upheavals  in  Oentral  Aaia  interrupted  the 
current  at  tiiueg,  but  onlj  as  temporary  dams.  Thaa  came  Vaeco  da  Oama'a 
voyage  round  tbe  Cape  and  its  sequelB — the  diveraioa  of  the  rich  merchandise  of 
the  Orient  irom  the  Italian  porta  and  from  the  EseCern  Uediterr&nean  to  the  se*- 
coast  citiea  of  the  Atlantic.  Out  of  tbe  relentlesa  Bcramble  of  tli<>  Atlantic  natknu 
for  this,  the  ^aadeat  of  the  trader's  prizes,  tbe  English  came  out  bloodily  trium- 
phant, and  tbe  British  hare  remained  tbe  dominaat  shippers  ever  since.  But  whea 
tbe  Suez  Canal  was  trenched  through,  a  geofrraphtcal  reversal  followed :  tbe  mer- 
chant's chief  path  ma^  be  said  to  have  left  the  Cape  circuit  and  to  have  letrained 
the  old  line,  with  immensely  added  facilldea,  to  debouch  upon  the  Eaateni 
Mediterranean.  Why  has  it  not  affected  us  more  profoundly  F  Are  not  goo- 
graphical  canons  outraged  by  tbe  great  steamers  passing  by  tbe  Frenchand  Italian 
poru  to  find  distributing  centres  in  these  islands  F  I  think  that  theoretically  it  is 
so,  even  admitting  that  the  foreign  harbours  are  more  difficult  than  ours.  Practi- 
cally only  a  few  industries  have  suffered ;  the  volume  of  our  trade  has  increased 
greatly,  and  it  still  remains  easily  pre-eminent.  One  of  the  chief  explana- 
tions I  believe  to  be  this :  Oeographical  considerations  were  defeated,  for  tha 
time  at  any  rate,  by  tbe  excellence  of  our  banking  system  when  the  Suea  Canal 
was  opened.  The  wealth  oftbe  country,  then  as  now,  instead  of  being  aepaiatedand 
divided  into  isolated  patches,  was  accumulated  in  the  hands  of  bankers  and  was 
readily  and  easily  available  for  commercial  enterprises.  So  the  necessary  Bt«amets 
— huge,  and  of  special  line— were  built  at  once  by  our  companies  and  launched  into 
the  valuable  Eastern  trade  before  their  rivals  could  begin  to  stir.  Thia  country  had 
the  invaluable  help  of  its  monetary  facilities.  Wealthy  shipping  corporations,  anc« 
fully  organised  and  successful,  have  great  power,  by  reason  of  their  reserves  and 
resources,  to  bustle  and  to  ride  off  the  attacks  of  weaker  and  less  experienced 
competitors.  Supposing  this  great  change  had  but  just  occurred — our  advantages, 
though  still  distinct,  would  have  been  less  remarkable.  And  in  the  future  inter- 
national trade  jealousy  will  be  keener  and  tbe  competition  even  more  severe.  We 
must  not  forget  that  our  geographical  position  is  no  longer  in  our  favour  for  ateam- 
ships  plying  from  tbe  East,  and,  as  in  the  immediate  past,  we  must  throw  away  no 
chances,  but  seek  to  make  up  for  that  admitted  defect  by  foresight,  by  education, 
by  maintaining  and  constantly  adding  to  our  experience,  and  by  defending  and 
supporting  that  admirable  system — our  national  banking  aystem^which  has  carried 
us  over  seemingly  insurmountable  obstructions  to  brave  trade  triumphs. 

The  general  con^derations  which  I  have  named  might  lead  to  tbe  inferpnce 
that  actual  geographical  disadvantages,  in  trade  competition  for  instance,  may 
sometimes  be  conquered  by  man's  resourcefulness  and  energy.  Within  obvious 
limitations  that  is  certainly  true.     At  places,  as  we  know,  the  borderland  between 

Kography  and  many  of  the  natural  sciences  is  often  vague  and  confusedly  intei^ 
led.  So  perhaps  also  with  mechanical  and  economic  science  our  boundariea  at 
certain  spots  overlap.  Quick  steamers,  far-reaching  telegraph  lines,  and  the 
piercing  of  isthmuses  by  ship-canals  mav  at  the  first  glance  appear  outside  the 

Surview  of  tbe  geographer.  Yet  from  tnat  particular  aspect  of  geography  which 
have  already  spoken  of  as  the  Science  of  Distances  we  percdve  bow  relevant 
they  are,  how  worthy  of  stud^.  Truly  ours  is  a  very  cathohc  science,  and  we  haT« 
seen  how  even  the  comparative  value  of  national  banking  systems  may  help  to 
explain  seeming  geographical  inconsistencies,  to  reconcile  facts  with  possibly  on- 
expected  results,  and  to  ^ow  how  the  human  element  modifies,  perhaps,  the 
strictly  logical  conclusions  of  tbe  geographer  Intent  upon  physical  condjtioaa 
alone.  It  is  for  the  statesman  and  the  ^ilosopbec  to  speculate  upon  the  cbaractO' 
and  tbe  permanency  of  such  influences.  Our  success  as  an  Empire  will  probably 
d  for  its  (  .  ■      ■  ... 


depend  for  its  contmuance  upon  a  hi^h  level  of  national  sagacity,  watchfulneas, 
and  resource,  to  make  up  for  certain  disadvantages,  as  I  think,  of  our  geographical 
positioQ  since  the  cutting  of  the  Suei  Canal;  and  it  will  also  depend  upon  the 
comprehensive  and  inteliigent  study  of  all  branches  of  geography,  not  the  least 
important  of  which  to  my  view  is  the  Science  of  Distances — toe  scieoce  of  the  mar-  < 
chant,  the  statesman,  and  tbe  strategist.  J 
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The  followitig  PajMta  were  nad : — 

1.  AltempU  to  improve  the  Teaching  of  Geography  in  Elementary  Sdioott, 
especially  in  the  West  Siding.     By  T.  G.  Roopbe,  H.M.I. 

Reforms  were  beffun  tbrouph  the  Royal  QeofiTapbical  Society,  whose  collection 
of  foreign  maps  was  lent  for  eihibition  iu  Bradford  in  the  year  18d7.  The  displaj 
of  maps,  models,  nod  various  devices  for  itlustrstin;;:  the  instruction  in  geogpraphy 
in  the  alemantarj  schools  of  Oermanj,  France,  and  Sweden  attracted  special 
atteutioQ.  Conferences  were  held  in  connection  with  the  ezhibition,  one  of  which 
was  attended  by  Dr.  Scott  Keltie,  who  made  the  collection. 


One  immediato  result  of  these  proceedings  was  the  c 
of  local  mane  and  models,  a  collection  of  which  is  exhibited.  The  conferences 
discovered  the  chief  defects  in  the  existing  instruction  ;  (11  Lessons  in  geography 
were  not  based  on  object  teaching,  nor  on  the  observation  of  local  features  and 
scenery.  (2)  The  nrt  of '  reading  '  maps  was  not  taught,  not  nan  the  construeUon 
of  a  map  led  up  to  by  making  plans  of  short  walks  and  diograEos  of  the  neighbour- 
hood. ('1)  The  study  of  political  and  commercial  geography  was  not  based  upon 
the  study  of  physical  geoj^raphy,  neither  were  the  details  of  geographical  study 
conoeeted  as  cause  and  ed'ect.  There  was  no  attempt  to  present  a  country  to  the 
scholar  as  a  connected  whole,  and  the  lessons  consistea  of  lists  of  names  and 
fibres,  at  the  most  arranged  in  groups.  Of  euch  details  many  were  wholly  iin- 
suited  to  the  elementary  etsge. 

The  chief  reforms  consisted  in  the  intelligent  study  of  local  geography  through 
local  mapa  and  models,  and   in  object  lessons  which  explain   the   principles     ' 

ict 
,  "the 

s  of  towns  and  villages  in  the  neighbourhood,  much  leas  in  the  industries  whicii 
are  carried  on  in  them. 

The  necessity  for  good  waU-maps  is  now  apparent,  and  correctly  drawn  details 
are  demanded  m  place  of  vague  and  inaccurate  sketches.  Maps  must  interpret 
aatuie,  and  map  reading  is  the  converse  of  the  process  of  study  in|t  home  geography. 
In  Btudyiog  home  geography  the  child  begins  with  a  natural  feature  such  as  a 
river  or  hill,  and  laama  how  to  represent  it  on  paper.  On  the  other  hand,  in 
reading  a  wall-map  the  scholar  begins  with  the  symbols  or  representations  of 
natural  features  which  he  bas  not  seen,  and  arrives  by  means  of  tbem  at  the 
natural  facta  which  such  symbols  represent.  Hence  the  extreme  importance  of 
the  right  study  of  home  geography  and  local  models  and  reliefs.  The  symbols  on 
tha  vrall-map  are  vague  and  meaningless  unless  a  coutaot  and  aigDiQcance  are 
given  them  by  previous  p)-actica  in  the  building  up  of  local  plans  and  maps.  The 
scholar  has  to  oe  taught  with  care  how  to  translate  the  symbols  of  the  wall-map 
back  into  the  forms  of  nature  which  they,  however  inadequately,  represent.  The 
diSisrence  between  a  good  and  a  had  map  is  now  apparent.  As  the  scholar  com- 
mences geography  by  the  study  of  nature  in  »  triple  nrocesa,  which  consists  of 
observation,  description,  and  representation,  so,  if  the  wall- map  ba  accurate  enough, 
he  can  continue  to  draw  inferences  from  it  much  as  though  he  were  actually  ob- 
serving the  country  by  personal  inspection. 

The  value  of  graphic  work  in  teaching  geography  ia  insisted  on.  The  mere 
copying  and  colouring  mapa  of  various  parts  of  the  world  is  rather  an  asardse  in 
drawing  than  in  geography.  Each  map  should  be  drawn  to  serve  some  definite 
purpose.  It  sboald  disentanrla  ft^m  a  complex  whole  some  particular  part  which 
analysis  brings  to  light,  and  illustrate  it  with  precision  and  simplicity.  Further, 
the  sketch-maps  should  proceed  from  simpler  studies  to  more  complex,  and  no 
map  should  be  made  of  a  country  aa  a  whole  until  the  leading  features  have  been 
dealt  with  separately,  and  thus  the  'constructive 'method  of  teaching  geography 
ia  in  trod  Dead. 

The  comparison  of  statistics  of  various  kinds  is  made  much  more  intelligible  if 
the  acholars  learn  to  expieaa  their  statistics  by  the  osa  of  aqoare-niled  paper. 
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AlMtract  numbers  ue  thtu  converted  intoconorete  space  forms,  and  are  tlien  much 
mora  comprehoDuble.  In  concliuioii  the  fonnatioD  of  local  gBOgraphical 
societies  for  educational  purposes  is  Tecommended,  and  aa  account  is  given  of  the 
formation  and  wOTldnf;  <x  the  Southampton  Geographical  Society. 


2.  Commerciai  Geography  in  Education. 
By  E.  E.  Wbthbt,  M.A.,  F.R.G.S. 

A  description  of  a  three  years'  couraa  of  lectures  on  Commercial  Oeographv  to 
teachers  in  the  West  Biding,  and  of  what  hsa  actnoUj  been  done,  on  the  diffi' 
cultisa  encountered  and  on  wajs  of  getting  over  them. 

1.  The  three  yeara'  course:  (i.)  The  principles  of  Commercial  Geography  and 
their  application  to  the  British  Empire ;  (ii.)  the  Commercial  Geography  of 
forei){n  countries ;  (iii.)  epecisJ  trades  and  commaditias. 

Twenty-five  lectures  to  the  course — 110  to  40  tetu:her8  in  attendance;  aTeroge 
percentage  of  attendances  02  j  centres  Leeds  and  Huddersfield. 

2.  The  difiadtiet:  (i.)  The  inadequate  knowledge  of  general  geography  the 
main  difficulty,  i.e.  how  best  to  explain  commercial  results  of  Physical  Geography 
to  minds  dsficient  in  knowledge  of  the  elements  of  Physical  Geography.  Remedy 
obvious  but  not  easy  of  attainment  owing  to  multiplicity  of  school  subjects. 
Accessories  wanted— Government  grants  for  coumiercial  as  well  as  techiiiad  or 
industrial  side  of  education,  (ii.)  The  inadequate  notions  still  existing  as  to  what 
is  meant  1^  Commercial  Geography,  (iii.)  The  collection  of  appropriate  lantern 
elides. 

3.  A  t^eelitM  of  limlem  tUdet  illustrating  some  of  the  chief  points  brought  ont 
in  the  three  years  course.' 


r& 


FRIDAY,  SEPTEMBER  7. 
The  following  Papers  and  Keport  were  read : — 

1.  The  Trtalment  <^  Regional  Geography. 
By  Hugh  Bobsbt  Mill,  D.Sc,  LL.D. 

The  author  brought  a  scheme  for  a  geographical  description  of  the  British 
Islands,  hosed  on  the  1-inch  map  of  the  Ordnance  Survey,  before  the  Section  at  the 
Liverpool  Meeting  in  1696.  Hebasnnce  worked  out  the  regional  geography  of  the 

area  delineated  in  two  sheets  of  the  1-tnch  map  of  South-west  Sussex.*  The 
extension  to  the  whole  country  of  work  on  an  equally  minute  scale  appears  to  he 
rendered  impracticable  only  hy  ita  cost  and  the  indifference  of  the  public  to  geo- 
rohy.  It  is  hoped,  howeTer,that  the  principlesof  regional  description  laid  down 
"  e  paper  may  do  of  service  in  promoting  similar  descriptions  for  other  parts  of 
lue  country,  whether  carried  out  as  part  of  a  general  scheme  or  independently. 

The  configuration  of  the  district  as  deduced  from  the  1-inch  map  is  the  liret 
condicion  in  importance,  and  should  be  treated  both  generally,  as  to  the  main 
features  alone,  and  also  specially,  as  to  particular  details  which  are  of  more  imme- 
diate interest  than  the  rest.  The  distrihution  of  rocks  and  superficial  drift  taken 
from  the  geological  map  comes  next  in  importance,  and  it  is  interesting,  though  niit 
essential,  to  trace  the  causal  relation  of  geological  structureand  geographical  fiwm. 
''  '  important  to  indicate  dearlj  the  places  where  mineral  products  of 


'  Aa  it  would  be  obvionsly  Impossible  to  show  more  than  a  mere  fnction  of 
the  slides  need  (nearly  3,000  in  all),  a  further  and  much  larger  selection  was  plaoed 
In  the  Assoaiation's  tempoiaiy  maseutn. 

'  See  Geographical  Journal,  voL  xv.  ISOO,  pp.  SOG,  353. 
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relating  to  tiie  surface  n'hicL  are  modified  in  their  distribution  by  the  action  of 
fixed  Jorme  and  particular  rock-rormatioas.  They  include  climate,  the  character 
of  which  depends  greatlj  on  altitude  and  on  the  direction  of  heights  and  valleva  with 
regard  to  the  prevailing  winds ;  water  tiipply,  including  rainfall,  as  modified  bj  the 
altitude  and  exposure  of  alopeB,  percolation  and  tbe  return  of  water  to  the  Rurface 
as  springti  (dependent  on  the  geological  nature  of  the  ground),  and  tbe  volume 
Slid  ittqueticj  o(:iyeTB,wffetation,nntmal  life,  population  in  all  the  distributional 
dettuls  of  birth-  and  death-rateB,  disesae,  migration,  towns,  Tillages,  uid  connecting 
loada  and  railways,  agriculture,  induttria,  and  trade. 

The  particular  case  selected  wasa  fairly  representative  one,  and  brought  out 
\6Tj  clearly  bow  all  the  conditions  of  human  settlement  and  migration  depended 
ultimately  in  a  more  or  less  marked  degree  on  the  forma  of  the  land,  It  became 
verr  clear  from  such  a  study  that  geography  rightly  conceived  was  the  science 
which  unified  and  made  avai^hle  for  practical  application  the  immense  moss  of 
distributjonal  statistics  of  all  kinds  which  are  brought  together  at  great  expense 
by  Government,  but  never  coordinated  or  made  available. 


2,  F&reign  and  Colonial  Sttrmys.     By  E,  G.  EAVB^TSTEiif. 


3.  MUilaty  Maps.    By  B.  T.  Dakbisbirg,  M.A. 

Our  Ordnance  map  is  primarily  a  militftry  map,  made  by  soldiers  for  iha  use 
of  soldiers. 

A  practical  question: — 
What  is  the  beat  form  of  map  for  the  nae  of  troops  in  standing  camps  in  this 
country,  or  for  volunteers  encamped  for  their  annual  training  F 

Arising  out  of  this,  another  question : — 

How  far  do  the  maps  supplied  by  the  Ordnance  Survey  answer  the  above 
purpose P 

1.  On  what  points  can  maps  give  ns  information  which  is  useful,  and  even 
necessary  for  carrying  on  military  operations  P 

(a)  Rivers,  streams :  Width,  nature  of  banks  ;  fords,  bridges,  ferries,  locks. 
(6)  Roads :    Width,  surface ;    wliether  enclosed  or  not ;    whether  ditches 

alongside. 
(fi)  Railways :  Double  or  single  track ;  embuikment  or  cutting ;  tunnels. 
(cQ  Woods,  copses,  heather,  gorse, 
{e)  Villages :    Size,  shape ;  houses,  bow  placed  to  roads,  so  as  to  favour 

attack  or  defence. 
if)  Hedges  and  ditches, 
(if)    Footpaths. 
(h)    Detached  bouses, 
(i)    Physical  features  ('  Terrain '). 
3.  Specimens  of  British  Manauvre  maps. 

3.  The  British  Ordnance  map  as  a  Mancenvre  map. 
Completely  satisfactory  except  as  regards  (t.)  (Terrain)  and  scale. 

4.  Representation  of  relief,  various  methods  used  for  Ordnance  maps, 
(o)  Contours  abna.    Great  Britain,  Italy,  United  Sutes,  Swit^erUnd. 
(6)  Shading  alone.     Germany. 

(c)  Contours  with  shading.    Switzerland,  Norway,  Austria-Hungary,  Great 

5.  The  Ideal  Manceuvre  map.    Scale ;  topographical  details ;  TertKin. 
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4.  Journeys  in  Central  Ana.    By  Captaia  H.  H.  F.  Duaf. 

Captftin  Deuj'a  paper  deals  with  exploratioDS  in  Western  Tibet  and  ChineM 
Turkeatan,  begua  in  1806.  The  most  important  features  of  this  expbrer's  work 
are,  first,  the  extensive  use  of  triangulatiou  for  determininfr  longitudes  from 
peaks,  hied  bj  the  Great  Trigonometrical  Survey  of  India,  and  heighla ;  Becondlj, 
tlie  dJBCaverj  of  the  sources  of  the  Kkotao  Biverj  and  thirdly,  the  detailed  Burvej 
of  that  ezceadiagly  difficult  mountainoua  region,  the  hitherto  unkiiown  stretch  of 
the  Yarkand  River. 

The  continued  opposition  of  the  Chinese  added  coniiderabl;  to  the  ph;eaca] 
difficulties  encountered,  end  resulted  in  the  explorer  and  his  assistant  being 
incapacitated  from  work  bv  severe  illnessea.  The  latter  compelled  Captain  Deasj 
to  return  to  India  much  soouer  than  he  hod  intended. 

It  may  be  of  interest  to  note  that  the  heights  of  about  260  peaks  were 
determined,  aod  over  40,000  square  miles  of  country  surveyed.  Much  valaable 
asiistaDce  was  rendered  by  the  Indian  Qovemment,  especially  by  the  Surveyor- 
General,  and  several  ofiirers  of  the  Foreign  Department.  Captain  Deasy  is  very 
grateful  for  tbis,  as  well  as  for  the  services  of  the  natdve  topographers,  kindly  lent 
by  Colonel  Oore,  R.E,,  now  Surveyor-General  of  India. 


5.  Large  Earthquakee  recorded  in  1899.     By  Johs  Milhx. 

In  1B09  at  Shide,  in  the  Isle  of  Wight,  130  eartliquakes  were  recorded.  Tbo 
greater  number  of  these  were  also  observ^  at  Kew,  whilst  very  many  of  them 
were  common  to  registers  from  Canada,  the  Cape  of  Good  Hope,  India,  Java, 
Japan,  and  other  distant  countries. 

Analyus  of  these  records  has  increased  our  knowledge  respecting  the  rates  at 
which  motion  is  transmitted  through  our  world,  and  indirectly  thrown  new  light 
upon  its  rigidity.  The  arcual  velocity  of  surface  wares  has  been  investigated,  and 
new  rules  based  on  these  investigations  have  been  formulated  for  determining  tfas 
portion  of  earthquake  origins.  It  has,  for  example,  been  shown  that  the  dittance 
of  an  origin  from  a  given  station  can  be  determined  either  from  tlie  interval  by 
which  the  preliminary  tremors  outrace  the  larger  surface  waves  orfromtbe  interval 
between  the  arrivals  of  waves  which  had  travelled  from  their  origin  round  tha 
world  in  opposite  directions. 

With  this  knowledge  it  is  frequently  posuhle  for  an  observer  in  any  part  of  the 
world  to  name  tha  district  from  which  an  earthquake  recorded  at  bii  obeervatoiy 
has  originated. 

One  series  of  observations  showed  that  the  amplitude  of  the  large  waves 
of  eatthquekea  decreased  more  rapidly  when  traversing  suboeeanic  paths  than 
when  they  radiated  over  continental  surfaces.  In  discussing  the  nature  of 
lar);e  waves  this  observation  on  the  damping  effect  of  oceans  was  used  as  an. 
argument  that  this  form  of  seismic  movenlent  represented  gTavitational  surface 
waves  rather  than  the  outcrop  of  distortional  waves  propagated  through  the  body 
of  the  world. 

One  hundred  and  twenty-five  out  of  the  130  records  considered  represented 
disturbances  which  had  suboeeanic  origins.  The  pnncipal  of  them  may  be  grouped 
as  follows : — 

1.  North-eastern  PaoIGo,  W.  of  British  Columbia     ....     14 

2.  Elast  Mid  PaciRc,  W.  of  Southern  California        .        .        .        .      S 

5.  East  Southern  FaciSc,  W.  of  Peru  and  Chill        ....      8 
*.  West  Paciflo,  ofi  Japan 19 

6.  West  Mid  Pacific,  near  Java IS 

6.  Mid  Indian  Ocean 9 

7.  North  Atkntia,  east  side 17 

8.  West  North  Atlantic  and  West  Indies 8 

9.  Mid  Equatorial  Atlantio S 
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If  we  except  the  second  group  we  see  that  the  Pacific  originB  Ate  od  the  face  or 
at  the  bottoDi  of '  deeps,'  which  forio  portions  of  tbe  trough  or  troughs  around  the 
ea«t«m  Hod  western  msrginB  of  that  ocean.  If  future  Eoundings  show  that  the 
indicated  exception  is  only  apparent,  then  the  second  group  wiil  also  il]u8trat«  the 
rule  that  aeceleratioua  in  secular  adjastmente  of  the  earth's  crust  are  most  frequent 
where  this  exhibits  the  greatest  flexure. 

Inasmuch  as  there  are  reasons  for  believing  that  each  of  these  earthquakes  was 
accompanied  hy  large  mechanical  displacements  of  aolid  materials,  the  import- 
ance of  localising  the  sites  where  such  changes  are  freqaent  is  svident  to  those  who 
select  routes  for  deep-aea  cahlea. 

_  Although  we  are  not  in  a  position  to  taj  that  these  displacements  are  suf- 
ficientlj  laige  to  produce  a  measurable  effect  on  the  moment  of  inertia  of  the 
earth,  attention  maj  he  directed  to  the  fact  that  at  those  times  when  changes  in 
latitude  hare  been  marked  Urge  earthquakes  have  been  frequent,  whilst  when 
the;  have  been  few  such  changee  have  been  lees  pronounced. 

Another  subject  of  interest  to  those  engaged  in  geodetic  work  is  the  fact  that 
changee  in  the  rates  of  pendulum  time^keepers  may  sometimsB  be  traced  to  the 
unfelt  movements  of  large  earthquakes,  wliich  so  frequently  disturb  all  countries  in 
the  world. 

6,  Export  on  the  ClwuUe  of  Tropical  4/Hca,— See  Reports,  p.  413. 


MONDAY,  BEPTEMBER  10. 

The  following  Papers  and  Beport  were  read ; — 

1.  RaUvjoy  Connection  toith  India, 
By  Coloiwl  Sir  T.  H.  Holdich,  K.CJ,E. 

The  paper  deals  with  the  general  geographical  conditions  of  South-west  A*ia 
which  may  favour  a  scheme  of  railway  connection  with  Western  India,  the  subject- 
matter  of  the  successive  sections  of  the  paper  being  as  follows  : — 

1.  The  impracticability  of  the  northern  approaches  to  India  leading  over  tbe 
Hindu  Eush  into  Kashmir  or  Afghanistan  from  the  Oxus  redone. 

2.  The  nature  of  the  great  transverse  water  divide  of  Asia,  which  ineludefl  the 
Hindu  Eush,  and  the  most  favourable  points  for  crossing  it. 

3.  The  opening  afforded  by  the  Han  Rud  river  to  the  west  of  Herat. 

4.  The  configuration  of  the  Persian  plateau  and  mountains,  and  its  adaptation 
to  railway  alignment. 

6.  Consideration  of  Persian  lines  of  communication  with  Western  India.  The 
coast-line  between  Baars,  at  the  head  of  the  Persian  Gulf,  and  Karachi.  Details 
of  alignment.  Commercial  and  climatic  objections  to  such  a  line  as  ior  as  Bandar 
Abbas. 

e.  Alternative  central  line  from  Western  Persia  to  Bandar  Abbas.  Diffi- 
culties of  connection  with  European  systems. 

7.  Details  of  alignment  between  Bandar  Abbas  and  Karachi  Difficulties 
c£  coast  line,  and  possibility  of  interior  central  line. 

5.  The  proposed  connection  between  Kushk  and  Chaman  (i.e.  the  Herat- 
Kandahar  line).  Geographical  conditions  that  exist  between  Eusbk  and  Herat, 
and  between  Herat  and  Kandahar.    Tbeir  favoorable  nature. 

9.  Objections  which  have  been  raised  tA  the  line — political  and  military.  Its 
commercial  prospects. 

10.  Conclnnon. 
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2.  Tht  Siberian  Sailieoff.    By  C.  Bayhokd  Bb&zley. 

Short  account  of  the  route  ttareraed  by  the  Siberian  Rulwaj  u  far  aa  the 
Amur.  The  counectioiis  of  the  railway  mun  trunk  with  the  regions  to  the  north 
and  BOQih,  (a)  as  already  made,  (d)  as  in  construction  and  projected.  The 
bearinf;  of  the  Siberian  line  on  C^tral  and  Southern  Asia  by  the  intended  link, 
from  Taobkent  to  Orenbiir|{.  Primary  commercial  and  industrial  purpose  of 
Siberian  line  west  of  Lake  Baikal.  Development  of  the  country:  its  papulation, 
mining'  enterprises,  agriculture,  cattle-raisiug,  manufactures,  &.C.,  throut^h  the 
movemeaU  created  bj  the  railway,  illuetrated  by  some  details.  The  railway  id 
connection  with  the  river  naTigatiou,  (a)  of  the  West  Siberian  rivers,  Ob,  YemsBi, 
&.C. ;  {8)  of  the  Kama  and  Volga ;  (y)  of  the  Dvina  and  Petchora.  The  railway 
in  connection  with  the  vi-estem  ocean  and  inland  seaa:  (a)  White  Sea,  (S)  Black 
Sea,  (y)  Caspian,  Connections  of  the  railway  with  Hussia's  strips  of  ice-iree  coast 
and  ice-&ee  porta  in  the  west :  (a)  on  Arctic  Ocean,  espedally  Catherine  Harbour, 
near  the  frontier  of  Norway ;  (81  on  Black  Sea,  especially  Novo-Uossiiak  j  (y)  on 
South-west  Caepiau,  eapecially  Baku. 

The  railway  in  its  eastern  part :  diflerent  problems  here.  Highly  political 
aspect  of  this  section.  The  more  recent  advance  of  the  line  here  through  Man- 
churia. The  icO'free  outlet  at  Port  Arthur,  Taliea-wan,  and  the  Ewang-tong 
peninsula.  Projects  for  maritime  development  of  trade  to  Japan  and  America  from 
this  '  window '  as  well  as  from  Vladivostok.  Connections  with  China  through 
Uongolia  a«  well  aa  Manchuria, 

3.  On  the  Foggiinlit}f  of  obtaintTtg  more   Reliable   ifeaauremenU  of  tht 
Changa  of  the  Land-level  of  tha  PUegraan  Fields.     By  R.  T.  GUkthkb. 


i.  The Britieh  Antarctic  iSxpedition,  l^^'d-l^W.   .By  C.  E.  BoECHQBBVisK. 

Mr.  Borchgrevink  commenced  with  an  account  of  the  origin  of  the  expedition 
which  be  commanded,  thus  referring  to  bis  previous 'work  with  in  the  Antarctic 
Cirde,  and  to  the  reeolution  which  was  carried  at  the  SLrth  International  Geo- 
graphical Congress  at  the  Imperial  Institute  in  189o.  The  voyage  of  the 
Southern  Cross  wag  ahortly  described  with  a  few  incidents ;  the  resullB  of  some 
of  the  principal  observations  (both  meteorological  and  majinetic),  the  landing,  the 
camp,  and  the  work  of  the  land  expedition  from  March  1699  to  March  1000.  An 
account  of  the  principal  discoveries  made  during  one  year  on  South  Victorian 
Land  was  given,  ■with  a  description  of  the  ice  conditions,  in  winter  and  summer, 
near  Cape  Adare  and  in  the  pack. 

What  tlie  author  claims  as  the  principal  work  of  the  expedition  is  the 
pioneer  work  in  Victoria  Land,  eitending  over  a  period  of  one  year,  thus  for 
the  fii-st  lime  proving  the  possibility  for  an  expedition  to  live  on  South  Victoria 
Land  in  the  winter,  with  tne  following  results : — 

1 .  Recording  the  meteorological  and  magnetic  conditions  at  Cape  Adare  and  at 
various  places  on  the  ice  and  on  tbs  mainland  between  this  locality  and  the 
78th  parallel,  thus  locating  the  present  approximate  position  of  the  South  Mag- 
netic Pole,  in  latitude  73°  20'  S.  and  longitude  146°  B.,  about  230°  west  by  north 
from  Wood  Bay, 

2.  Discovery  of  new  species  in  antarctic  biology,  with  special  reference  to  the 
shallow-water  fauna  and  the  flora  of  South  Victoria  I^nd,  both  proving 
bi-polarity,  and  suggesting  a  theory  for  the  distribution  of  organisms. 

3.  Touching  upon  the  importance  of  the  discovery  of  insects  as  indicating  an 
average  temperature  in  the  neighbourhood  of  the  locality  where  they  were  found, 
not  deviating  much  from  what  was  eiyerienced  daring  the  jeaia  1899-1000, 

4.  Furthest  south  TS"  60'. 

The  author  gave  his  views  shortly  in  regard  to  further  exploration  within  the 
Antarctic  Circle,  aa  well  in  regard  to  outfit  aa  in  refereitce  to  desiiahle  pUcee  for 
landing, 

Coogic 
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5,  Tkrouffh  Antic  Lapland.    By  C.  J.  OtrrCLiFrE  Hthe,  M.A. 

ilnnei  wbale  fishiog  in  Arctic  Seaa — Vordo— Actobs  the  VarangeT  Qord — The 

iUrt  of  »n  eigbty-fivB  mile  tramp — Buris  Gleb — Siolte  Laps — Up  the  Neidea 

Arctic  Finns — mare  See — FiBher  Laps — Enare  Town— Farmer  Laps — B»  canoe 
and  iwamp — Life  on  a  Lapland  Farm — The  Arctic  mosquito — Uei^er  liapB — 

Beindeer   culture — Norwegian  Laps — Rovaniemi — Donn  to  Tomeo-HapaiancU 

The  Gulf  of  Bothnia. 


t  Physical  and  Chemical  C<mstani»  of  Sea  Water. 
Soe  fieports,  p.  421. 


TUESDAY,  SEPTEMBER  11. 
The  following  Fapera  were  read: — 

1.  Some  Congequencet  that  may  be  anticipated  from  the  Development  of  Ute 
ffeioureee  of  China  by  Modem  Methods.  By  Geo.  G.  Chisholu, 
M.A.,  B.Sc. 

Various  causes  are  pointed  out  as  already  in  operation  tendinis  to  brbg  about 
that  development  in  spte  of  the  oppositioD  of  soma  sections  of  the  people.  These 
■re  of  such  a  nature  as  to  malie  it  uulibely  that  this  development,  however  brought 
about,  will  be  long  retarded. 

When  it  does  come  about  this  development  isbouutt  to  have  world-wide  eiiects 
on  a  scale  of  extraordinarj  ms«mtude,  and  in  one  direction  it  seema  probable  that 
it  wilt  tend  to  reverse  the  tendency  of  the  last  generation  in  the  economic  history 
of  the  world. 

The  peculiarity  of  the  position  of  China  is  this,  that  it  is  the  one  region  in  the 
world  with  all  the  means  for  industrial  development  on  a  gigantic  scale  thiit 
remains  to  be  opened  up.  In  the  past  thirty  or  forty  years  we  save  chiefly  seen 
the  opening  up  of  new  countries  or  old  countries  without  great  resources  for 
industrial  aeTelopment. 

Among  the  consequencee  that  may  he  anticipated  Irom  this  opening  up  are 
tbeee:— 

1.  A  rise  in  prices  in  China,  especially  in  the  industrial  regiona. 

2.  The  creation  of  a  demand  for  food-stuifs  not  likely  to  be  supplied  by  Cbina 
itself;  a  dfmand  which  in  itself  will  be  one  of  the  most  powerful  causes  contri- 
buting to  maintain  the  rise  in  prices. 

3.  The  imparting  of  a   great   stir 
farourahly  utuat4;d  for  meeting  this  demand,  n 
and  western  North  America,  probably  the  Pacific  t 
grentpr  extent  tbau  Cannda. 

4.  Perhaps  the  most  important  of  all,  the  creation  nf  a  tendency  to  a  gradual 
but  prolonged  rise  in  wiieat  and  other  gram  prices  all  the  world  over,  reversing 
the  process  that  has  been  going  on  since  about  18TD  in  consequenceof  the  succeseive 
opening  up  of  new  countries. 


2.  The  Commercial  Besotirces  of  Tropical  Africa. 
By  Edward  Hbawood,  M.A. 

At  least  70  per  cant,  of  the  total  trade  of  Africa  falls  to  the  countries  of  tliB 
extreme  north  and  south,  leaving  the  whole  of  Tropical  Africa,  with  an  area  of 
■ome  9  millions  of  square  miles,  a  total  trade  of  at  most  30,000.000/.,  of  which 
nearly  7,000,000f.  belongs  to  the  small  ialanda  of  Mauritius  and  K^nnion.  Tiia 
object  of  the  present  paper  is  to  examiue  tlie  causes  of  this  small  commernal 
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moTpment  as  compared  with  that  of  other  tropical  countriefl,  and  to  fonn  some 
ConclusioQ  as  to  the  permaiieDM,  or  the  TeTsrse,  of  preMot  conditions. 

Among  bigtoricBl  reasons  for  the  BOtallness  of  the  existing  trade  are  (I^  the 
attraction  exercised  during  the  age  of  great  discoveriei  hj  America  and  the  But 
and  the  conseauent  neglect  of  Amca;  (S)  the  political  condition  of  the  African 
peoples;  (3)  tne  effects  of  the  alave  trade;  whib  geogranbical  cauaes  are  foand 
in  (1)  tlte  massive  form  of  the  continent  and  consequent  aoeence  of  nstural  means 
of  communication  ;  (2)  the  unhealtbiness  of  the  coastlands.  That  man;  of  thess 
caii«es  are  not  necesearily  permanent  is  ghonn  bj  a  companion  with  Brazil,  wbicb 
aflords  a  close  parallel  with  Tropical  Africa  in  many  reapecls.  This  shows  that, 
given  natural  resouTces  capable  of  supporting  an  increaaed  export  trade,  the  com- 
mercial future  of  Tropical  Africa  need  not  be  hopeless. 

The  resources  of  a  new  country  may  be  classed  as  (1)  exhaustible,  principally 
siioerals ;  (2)  permanent,  chiefly  animal  and  vegetable  products,  the  second  group 
being  the  more  important,  It  may  be  agnin  subdivided  into  (1)  jungle  product!, 
wbicn,  though  not  necessarily  eihauatible,  are  likely  to  sufi'er  diminution ;  (2) 
cultivated  products.  The  former  maj,  under  cultivation,  be  tmnsferred  to  the 
lattor  sub-group,  which  is  the  most  important  of  all.  In  Brazil,  e.g.,  the  rast 
preponderance  of  the  exports  is  made  up  by  the  four  products  co^,  cacao, 
tobacco,  and  cotton.  Which,  with  rubber,  make  up  the  principal  resources  of  the 
country.  In  Tropical  Africa  jungle  products,  prindpally  rubber  and  palm-oil 
and  kernels  (total  annual  value  over  ^,000,000^.),  are  at  present  those  on  which 
the  export  trade  munly  depends.  A  period  of  development  of  plantation  pro- 
duct* has,  however,  set  in,  and  coffee,  cocao,  cotton,  tea,  &c.,  have  been  grown 
with  succes*  in  various  parts.  The  chief  difhculties  to  be  encountered  arise  ^m 
(1)  want  of  means  of  transport;  (2)  scarcity  of  labour;  but  these  are  now  in  a 
fan  way  to  be  overcome.  The  modern  tendency  f  jr  each  country  to  depend  for 
tropical  produce  larirelj  on  its  own  colonies  must  favour  the  commercial  develop- 
ment of  Africa,  while  the  comparatively  low  population  of  Africa  per  square  nUfe 
renders  it  probable  that  it  will  in  the  future  play  an  important  part  in  providing  a 
food  supply  for  the  mora  thickly  peopled  continents. 


3.  On  Snaw  Ripples. 
By  Vauqhan  CoENisH,  M.Sc,  F.C.S.,  F.R.G.S. 

These  observations,  made  in  Scotland  last  winter,  are  preliminary  to  a  general 
iuvestigaiion  of  the  surface  forms  of  snow,  which  the  author  proposes  to  continue 
in  a  colder  climate  duting  the  coming  winter.  The  investigation  is  undertak^i  in 
connection  with-the  author's  research  upon  terrestrial  waves  and  ware-like  but-  ' 
faces. 

The  general  conditions  during  the  folbwing  observHtions  are ;  ground  already 
covered  with  snow,  temperature  a,  liltle  below  the  freezins  point. 

Case  I.- — Snow  falling  sparsely.  In  abaence  of  wind  the  surface  was  uneven, 
owing  to  clinging  together  of  flakes.  In  a  light  breeie  there  was  a  notable 
tendency  for  the  prominent  parts  to  arrange  themselves  transversely  in  ridges,  the 
distance  from  ridge  to  ridge  not  more  thsn  one  inch.  When  the  breeze  freijiencd 
these  became  regularripplea,  with  a  smoothed  surface  of  closer  texture  One  set  of 
measurements  gave  the  distance  between  successive  ridtres,  1126, 1-225, 0-S5,  l-OS, 
and  100  inch.  Their  amplitude  was  approximntclj  Oo  inch,  which  givrs  a  ratio 
Length  :  Height  -  21  approximately.  The  steep  {^ce  of  these  ripples  is  on  the 
windward  side,  whereas  in  sand  ripples  and  water  wares  the  steep  face  is  on  the 
sheltered  side.  The  normal  movement  is  downwind,  the  most  noticeable  feature 
of  the  process  being  the  retreat  of  the  steep  weather  face,  consequent  vpon  the 
abrasion  of  its  surface.  For  occasional  short  intervals,  however,  during  lulls  and 
during  momenta  of  heavier  anowfall,  the  ripples  rush  upwind,  ovring  to  the  sudden 
deposit  of  snow  upon  each  weather  face. 

Case  II. — Froah  breeie  without  anowfall,  blowing  upon  uncompacted  snow. 
The  surface  was  beautifully  covered  by  ripplfs  of  S  inches  to  15  inches  fh>m  rid^fe 
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to  ri^,  whiclL  wan  rapidly  iBcreasmg  in  sixe.  The  steep  side  faced  the  wind. 
tha  nigea,  which  were  pretty  accurately  parallal  one  to  aaother,  were  transTerse 
to  the  wind,  hut  with  much  aisuoaitj,  no  ridge  being'  straight  for  more  than  a  few 
inches.  It  is  evident  that  the  wind  mast  be  ooncentxated  m  the  Tfr^entrant  angles 
of  the  steep  weather  slope,  and  this  wonld  tend  by  rapid  erosion  to  destroy  the 
arrangement  of  long  traiuiTeTse  tinea  which  is  the  most  obvious  charBCteristic  of 
ripples.  The  ridges,  however,  did  not  lose  their  transrersality,  which  was 
apparently  preserved  by  tie  greater  depomt  of  drifting  snow  in  these  re-entrants, 
which  stopped  the  ttuvatened  gaps;  and  by  the  collapee  of  the  overhanging 
cornice  of  uneompscted  snow  at  the  salient  angles,  by  which  theae  promontories 
were  truncated. 

Cote  III.— The  Iatest-&llen  layers  of  snow  having  been  blown  away,  the  wind 
acts  upon  compacted  snow  (this  was  generally  in  drifts  which  had  became  exposed 
owing  to  change  of  direction  of  wind).  The  wind  abraded  a  fine  granular '  drift,' 
which  did  not  adhere  to  the  smooth  hard  surfaces.  Parallel  lines  of  bovalling  or 
grooving  transverse  to  the  wind  are  the  most  cons^uous  feature  of  the  resnltiog 
structure  in  the  compact,  almost  homogeneous,  fine-grained  material.  The 
linee  are  much  freer  from  minor  irregularities  than  the  ripplee  described  above. 
As  the  action  continues,  however,  the  einuouties  are  empha^sed,  for,  the  'drift' 
not  adhering  well,  the  re-entrants  ore  cut  back  more  and  more  behind  the 
salients.  Further,  the  wind  concentrating  aloDg  the  lines  of  the  re-entrante,  the 
general  level  of  the  surface  here  is  lowered  more  quickly  by  abrasion  than  is  the 
case  along  the  intermediate  lines  of  the  salient  anglea.  Thus  is  produced  a  well- 
marked  form  transitional  between  snow  ripples  and  loftrugi,  m  which  inter- 
mediate form  the  transverse  ridees  are  croeaed  at  Tigbt  angles  by  alternate  ridges 
and  furrows  parallel  to  the  wjni^  the  furrows  beincalong  thelineof  the  re-entrants. 

Sattruffi. — This  action  went  on  until  the  ridges  transverse  to  the  wind  were 
merely  a  subordinate  and  scarcely  noticeable  feature,  and  the  snow  was  seen  to  ba 
in  great  ridges  parallel  to  the  wind.  These  corresponded  perfectly  with  the 
tattrugi  of  the  Tundras  as  described  by  A.  Penck '  on  the  authority  of  F.  Schmidt 
and  Q.  Bore. 

On  t/ie  oppotUe  orientation  of  tnow  rippiet  nnd  tand  rippfas,— Ripples  in  loose 
sand  have  their  steep  faces  on  the  leeward,  snow  ripples  on  the  windward  side. 
The  exposed  face  of  the  snow  ripple  becomes  steeper  than  the  sheltered  face, 
because  the  cohesiveness  of  the  snow  while  in  mass  enables  the  wind  to  carve  out 
wind  cave9,  in  which  its  force  is  concentrated.  In  loose  sand  the  slipping  of  the 
material  prevents  this.  The  friability  of  the  snow  also  assists  in  the  eSect,  the 
detailed  explanation  of  which  would,  however,  be  too  long  for  this  abstract. 

UbeerraiioDS  were  also  made  upon  the  forms  of  snondrifts. 

Photographs  were  taken  of  ripplee,  Mttrv<fi,  and  drifts. 


4.  The  Geographical  Dwtributimt  of  Relalive  Bumidity, 
By  E,  G.  Ravbkbtein. 
The  author  stated  that  the  importance  of  relative  humidity  as  a  climatic  factor 
was  fully  recc^ised.  Having  illustrilted  its  influence  upon  organic  life,  upon 
agriculture  and  human  industries,  he expresaed  bis  regret  thatneith^  in  number  nor 
iti  tnistworthineas  did  hnmidity  observations  meet  the  requirements  of  a  person 
desirous  of  illustrating  its  distribution  over  the  globe  by  means  of  a  map.  This  was 
owing  lai^y  to  defects  in  the  instruments  employed,  incompetence  of  the  observers, 
and  unauitability  of  the  hours  chosen  for  the  observations.  As  to  thehumidity  over 
the  ocean,  we  were  still  dependent  upon  the  obtervaiions  made  on  board  passing 
vessels,  and  ho  was  afraid  uiat  the  time  had  not  yet  come  when  floating  meteoro- 
logical observatories  would  be  stationed  permanently  throughout  a  whole  year  at 
a  few  well-choeen  localities  in  mid-ocean.  Notwithstanding  this  paucity  of 
available  material  he  had  ventured,  in  1894,  to  pnblisb  in  Fbilip's  '^^tematic 
Atlas '  a  small  chart  of  the  world  showing  the  diitribution  of  humidity.    The 
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subject  htd  not  boan  lost  Mf(b.t  of  br  him  linoe  then,  ud  he  now  placed  the  leeuttA 
bdoTd  this  meeting.  He  did  so  with  some  diffidence,  and  ovei^«aations  meteoro- 
lofrisli  migbt  condemn  his  action,  but  thej  must  remember  that  when  Berghsus,  in 
1833,  acting  npoo  suggaatioDs  made  b^  Zimmermanii  and  Humboldt,  pabluhed  the 
ttrtt  isothermal  chart  ths  observationa  on  temperature  ware  even  leas  niimerous 
than  those  on  homidity  were  at  preaent.  His  charts,  of  coarse,  moat  be  looked 
upon  aa  aketcbes,  but  he  figlc  conSJeut  that  they  brooKht  out  the  broad  features  of 
the  subject,  and  to  reduce  the  sources  of  error  he  had  liDuted  himself  to  indicating 
four  gradw  of  mean  annaal  hamidity,  the  upper  limits  of  which  were  respectively 
60  per  cent,  (Tery  d^},  05  per  cent.,  80  per  cent.,  and  100  per  cent,  (very 
damp).  The  rslatiTe  humiditj  over  the  oceans  might  exceed  80  per  cent.,  but 
in  ceitaia  regions  ('  horse  latitudee ')  it  was  certainly  maeh  less,  and  in  a  portion  of 
the  Southern  Pactfie  it  seemed  not  to  exceed  65  per  cent,,  a  feature  seemingly  con- 
firmed by  the  salinity  of  that  portion  of  the  ocann,  which  exceeded  8'6  per  cent. 

His  second  chart  elhikuted  the  Anoual  Range  of  Humidity,  viz.  the  difTeience 
between  the  driest  and  the  dampest  months  of  ths  year.  In  Britain,  as  iu  many 
other  parts  of  the  world,  where  the  moderating  influence  of  the  ocean  was  allowed 
free  scope,  tbie  difference  did  not  exceed  16  per  cent.,  but  in  the  interior  of 
the  continents  it  occasionally  exceeded  46  per  cent.,  spring  or  summer  being 
exceedingly  dry,  whilst  the  winter  waa  eiceasicely  damp,  as  at  Yariand,  where  • 
humidity  of  30  per  cent,  in  May  contrasted  strilcingly  with  a  humidity  of  SI 
per  cent,  in  December. 

This  great  range  directed  attention  to  the  inSuenceof  tamperatare  (and  of  alti- 
tude) npon  the  amount  of  reUtire  humidity,  for  during  temperate  weather  we  were 
able  to  bear  a  great  humidity  with  ei^aanimity,  wbiUt  t)ie  same  degree  of  humidity, 
accompanied  by  great  heat,  such  as  is  occaaioDally  experienced  during  the  '  beat 
terms  of  New  York  and  recently  in  London,  may  prove  diaaatroua  to  men 
and  beasts.  Hence,  combining  hamidity  and  temperature,  the  author  suggested 
mapping  out  the  earth  according  to  sixteen  hygrolhermal  typet,  as  follows :  — 

1.  Hob  (temperature  73°  and  otbt)  and  very  damp  (hamidity  81  pet  cent,  or 
more) ;  Batavia,  Camaroons,  Uombasa. 

2.  Hot  aud  moderately  damp  (6G-t)0  per  cent.) ;  Havana,  Calcutta. 

3.  Hot  and  dry  (31-66  per  cent.) :  Bagdad,  Liihore,  Kbartara. 

4.  Hot  and  very  diy  (50  per  cent,  or  less) :  Disa,  Wadi  Haifa,  Euka. 

5.  Warm  (temperatare  58°  to  72°)  and  very  damp :  Walvisch  Bay,  Arica. 

fl.  Warm  and  modemtelj  damp :  Lisbon,  Rome,  Damaacua,  Tokio,  New  Orleims. 

7.  Warm  and  dry;  Cairo,  Algiers,  KImbierley. 

8.  Warm  and  very  dry  :  Mexico,  ITeheran. 

9.  Cool  (temperature  33°  to  6T°)  and  very  damp :  OrMnwlcb,  Oictabambo. 

10.  Cool  and  moderately  damp :  Vienna,  Halboume,  Totout«,  Chicago. 

11.  Cool  and  dry:  Tashkent,  Simla,  Chefenae. 

12.  Cool  and  very  dry:  Yarkand,  Denver. 

13.  Cold  (tompertituTe  Z'i"  or  less)  and  very  damp:  Ben  Nevis,  Sagaityr,  Oodt- 

14.  Cold  nnd  modenktely  damp :  Tomsic,  Pike's  Peak,  Polaris  House. 
16.  Cold  and  dry : 

18.  Cold  and  very  dry:  Pamh'. 

The  actual  mem  temperature  of  the  earth  amounted,  according  to  hia  computa- 
tion, to  67°  F.,  and  this  isotherm,  which  separated  types  8  and  U,  also  divided  De 
CandoUe's  '  Mikrothermes'  from  the  plants  requiring  a  greaier  amount  of  warmth. 

Tlie  author  further  illustrated  bis  paper  by  a  number  of  dit^rams  giving  tlie 
curves  of.  the  temperature,  rainfall,  and  humiiUly,  aud  also  \ij  a  chut  of  the  world 
exhibiting  the  number  of  rainy  days, 

6.  The  Origin  of  Motls,  and  their  Svhtaquent  DinKtion 
By  J.  E.  Mahb,  F.R.S. 
In  this  paper,  the  influence  oF  vegetation  in  modifying  hill-outlinea  ia  first 
considered,  and  it  is  ahown  that  the  concave  curve  of  watv-erosion  is  partly 
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lepltced  by  &  convex  curve  of  weathenng  on  the  upper  ports  of  bills,  with 
herbftceoue  Tegeution  tn  temperate  regions,  and  often  entireif  replaced  by  a 
n  tropical  regions,  where  the  sides  of  the  hills  are  clad  with  forest 


growth. 

The  dissection  of  such  round-topped  hills  or  nioels  by  stream  action  is  then 
considered,  and  it  is  pointed  out  that  buttress-like  lateral  peaka  will  be  formed 
around  the  resultant  central  peak.  Lateral  peaks  of  this  nature  Lava  been 
described  by  Mr.  I.  0.  Buasell  on  Mount  Rainier,  under  the  name  tahonuu ;  he 
gives  raason  for  their  production  by  glacial  denudation  in  that  particular  case. 


6.  On  the  Pettersson-S'ansttn  Jnsulaling  WaUr-bottle. 
By  Hdob  Robkht  Mill,  D.Sc,  LL.J}} 

Professor  Petterssan  has,  in  coDJaDCtlon  with  Professor  Nansen,  completed  a 
modification  of  his  well-hnown  apparatus  for  obtainiiig  samples  of  sea-water 
without  chanfre  of  temperature.  A  specimen  of  the  improved  water-bottle  con- 
structed by  Messrs.  Ericsson,  of  Stockholm  and  Iiondon,  was  exhibiied.  The 
purpose  of  this  apparatus  is  to  enclose  a  quantity  of  aea-water  at  any  desired  depth, 
to  hold  it  securely,  and  to  bring  it  to  the  surface  without  any  change  of  tempera- 
ture exceeding  one  hundredth  of  a  degree  Centigrade.  The  previous  form  of  insu- 
lating wate>bottle  was  found  hy  Dr.  Nansen  in  bis  arctic  expedition  to  be  less 
trustworthy  at  i^at depths  than  in  shallow  water;  hence  the  sugc-estionB  which 
resulted  in  the  new  apparatus.  The  insulation,  which  is  the  essentia  feature  of  the 
water-bottle,  is  secured  by  a  series  of  concentric  chambers  ot  n  on -conducting 
material  which  are  simultaneously  filled  with  water,  and  so  protect  the  portion, 
measuring  about  two  litres,  which  occupies  the  large  central  tube.  The  walls  of 
the  inner  tubes  are  so  constructed  as  not  to  become  heated  by  compression  at 
the  greatest  depth.  This  is  secured  by  using  metal,  which  is  heated  by  com- 
pression, and  indiarubher,  which  is  cooled  by  compression,  in  such  proportions  as 
to  ensure  constancy  of  temperature  for  the  whole  structure. 

The  water-hot'tle  when  set  is  held  apart,  so  that  the  base,  sides,  and  lid  are 
separated,  and  the  water  passesfreely  through  the  tubes  as  the  apparatus  descends. 
When  the  apparatus  is  being  drawn  up  a  propeller  (which  during  the  descent 
revolves  freely)  enga^s  with  a  screw  and  releases  a  heavy  weif;ht,  which  closes 
and  locks  the  whole  rigidly  together.  An  arrangement  is  provided  for  the  talief  of 
pressure  as  the  included  water  expands  on  being  hauled  up.  The  temperature  is 
ascertained  by  a  thermometer,  protected  ogaint  pressure,  enclosed  in  the  central 
tube,  and  projectingsuffidently  far  to  be  easily  read.  If  preferred,  the  aperture  for 
the  thermometer  may  be  closed  by  a  screw  and  the  thermometer  insertea  when  the 
water-bottle  is  brought  up.  A  reversing  thermometer  to  give  the  temperature  of 
the  water  independently  may  be  attached  to  the  upper  part  of  the  water-bottle, 
and  is  set  in  action  at  the  moment  of  closing.  The  whole  apparatus  weighs  about 
68  Ih.,  and  Is  used  on  a  wire  line  and  worked  by  a  steam  winch. 

During  August  of  this  year  the  improved  water-bottle  was  tested  by  Professor 
Nansen  on  board  the  JficAoe/  SaT»  in  the  sea  between  Iceland  and  Spitsbergen,  and 
at  the  greatest  depth  met  with  (3,000  metres  - 1,670  fathoms)  the  insulation  was 
perfect.  On  August  11  a  sample  was  token  from  3,000  metres,  and  when  it  came 
up  the  thermometer  read :  1°-2S5  C.,  after  five  minutes  1'''233,  after  nine  minutes 
l^-STO,  and  after  eleven  minutes  l''-210.  On  August  13  in  a  sample  ffom  2,000 
metres  the  thermometer  showed  1°*135,  after  five  minutes  I^'ISS,  after  ux  minutee 
I^'ISO,  and  after  eight  minutes  1°-110.  Professor  Nansen  considers  it  essential 
to  use  an  included  thermometer. 

■  Published  In  full  in  the  Qeogra^hioal  Jmtmal,  vol,  xvi.  (1300),  pp.  4G9-47I. 
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SKCTioJf  F.— ECONOMIC, 'SCIENCE  AND  STATISTICS, 
Peesibbitt  of  thb  SEcnoH— Shjot  P.  G.  Cruoix,  V.P.S.S. 


THURSDAY,  8BPTE31BE11  a. 
The  President  delirered  the  following  Address  ;— 

Thb  '  AdvaDcement  of  Science'  is  the  motive  wherewith  the  British  Asaocifttion 

brings  ftimuallj  together,  in  autunmftl  conclave,  a  g-atharing  of  tboae  who  desire 
to  t^  and  those  wbo  wish  to  hear  something  of  the  most  recent  developments  of 
scientific  labour.  Entrusted  for  the  sesaioD  with  the  high  honour  of  presiding 
over  a  Section  where  the  chair  has  from  time  to  time  oeen  occupied  by  a  long 
roll  of  distinguinhed  men,  whose  qualifications  for  the  task  necenssrir;  far  outstrip 
any  1  could  pretend  to  daim,  I  mavjet  follow  the  eiample  set  bjsuch  authorities 
in  maintaining  on  your  hehdf,  and  on  my  own,  that  the  right  production,  the 
proper  treatment,  and  the  wise  grouping  of  gsrnerod  facte  concerning  man  and 
bis  relations  to  the  State  as  a  member  of  society  constitute  a  study  second  in 
importance  to  no  other  form  of  research.  Moreover,  such  expert  discuseion  of 
■tatiitical  methods  and  statistical  teaulta  as  onght  to  he  possible  in  this  Section 
should,  I  think,  prove  a  factor  of  no  small  moment  in  its  bearing  on  the  true 
advancement  of  Science  in  its  broadest  sense,  whether  physical,  economic,  or 
political. 

Without  the  claim  to  speak  to  you  on  the  lines  which  could  be  appropriatalj 
adopted  bj  some  former  Presidents,  who  have  held  positions  of  emmence,  won 
either  in  tiie  highest  fields  of  politics  or  earned  by  patient  work  in  the  cldstered 
retreats  of  academic  studv,  I  come  here  rather  to  represent  tliose  who  form,  as  it 
were,  the  hewers  of  wooa  and  drawers  of  water  for  the  economic  controversialists 
of  the  day.  As  such  we  are  concerned  in  the  daily  outturn  of  ntw  etatjatical 
material,  and  we  are  naturallr  jealous  aa  to  the  use  to  be  made  of  oar  liguiea  by 
those  who  employ  them  in  the  process  of  sdentific  deduction,  in  the  buauieas  of 
practical  administratioD,  or  in  the  efibrts  of  philosophic  tecwhing. 

Whatever  he  the  precise  meaniof^  we  are  willing  to  accord  to  tlie  term  of 
'statistics' — and  both  the  primary  iDterpretation  and  the  proper  scope  of  the 
expression  have  been  differently  construed — I  believe  ^ou  will  aetee  with  me  in 
echoing  the  opinion  expreased,  I  think,  by  a  very  distinguished  past  Present 
of  this  Association,  that  nearly  all  the  grandest  discoveries  in  science  have  been 
hut  the  rewards  of  accurate  measurement  and  patient  long-continued  labour  in  the 
aifting  of  numerical  results. 

Not  only  thus  may  we  claim  for  what  is  sometlmBS  looked  upon  as  the  mer«ly 
mechanical  part  of  statistical  work  a  directiv  educatioDal  effect  on  the  honest 
workers  tliemselvee,  in  the  training  and  discipline  of  mind  which  ate  required  for 
the  handling  and  weishing-,  the  hsiancing  and  comparing  of  numerically  arranf^ 
liMjte;  we  may  go  further  and  assert  that  every  science  in  its  turn  hu  ocouionto 
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nlf  on  the  stK^stieiui'a  art,  tud  that  the  tme  adTancement  of  knowledge  in  whab- 
e«ei  path  we  take  depends  quite  as  much  on  the  avoidance  of  ruh  conclusioni  aa 
on  the  faculty  of  quick  perception  of  apparent  reeults. 

There  is  tben  ima  leswn  to  be  learned  in  the  discueraooa  to  be  held  in  this 
Section,  nod  it  ii  one  on  which,  in  openinj;  our  dolibentions,  I  think  I  am  fairlj 
entitled  t«  insiat.  Since  accurate  statistical  data  ara  fundamantal  to  sound  aif[u- 
ment  and  correct  deductions  in  any  sphere  of  science,  too  great  care  cannot  be 
expended  in  the  taek  of  making  sure  that  figures  given  to  the  public  are  really 
what  tbey  claim  to  be.  Where  a  comparison  i*  to  he  made  it  is  our  buslDets  to 
see  a  practical  identity  in  the  character  of  the  facts  to  be  obeerred,  and  to  give 
■nch  warning'  as  is  requisite  to  guard  against  the  possibility  of  orer-etrained  and 
iliegitimate  use  of  the  data  by  Uioae  into  wbom  hands  thej  may  ultimately  come. 
Where  a  deduction  is  to  be  made  or  a  conclusion  is  to  be  announced  by  the  original 
compiler  himself,  it  is  well,  too,  he  should  remember  that  a  statistical  decision 
should  haye  in  it  something  ot  judicial  deliberation  and  gnvitj,  and  should  be 
given  to  the  world  only  after  the  application  of  a  chastened  scepticism  and  distrust 
to  the  tasting  of  the  first  impreseiona  to  which  the  bare  numbers  that  appear  on 
the  surface  of  any  calculation  seem  to  point. 

Lastly,  let  us  not  overlook  the  prescriptive  cautions  of  many  post  masters  in 
Btatistical  work  to  distrust  big  totals  and  dissect  general  averBges, 

We  are  bU  of  us  familiar  with  the  vastly  lar)fer  space  accorded  to  statistics  in 
debate  in  the  second  half  of  the  dying  century,  how  readily  the  arUtrament  of 
fi^uiM  is  now  appealed  to  by  the  politician  or  the  jonmalist,  by  the  man  of 
science  or  the  pnUosophar.  Tbis  very  fact,  however,  constitntes  in  itself  a 
danger,  and  I  trust,  therefore,  I  may  he  forgiven  if  I  interpose  between  the 
Section  and  its  prepared  work  hy  preaching  from  the  Chair  with  some  insist- 
ence the  somewhat  trite  doctrine  that  statistical  and  economic  acience  boa  few 
greater  enemies  than  those  who  fail  to  apply  the  moet  ligid  tests  to  the  sufficiency 
of  the  elementan  figureB  on  which  a  theory  is  to  be  formed  or  an  administrative 
ftct  accomplished.  Nor,  indeed,  is  a  much  smaller  ofience  involved  in  the  over- 
confident use,  whether  for  intamationalcomparisons  or  for  those  Sights  of  prophecy 
in  which  we  all  like  from  time  to  time  to  indulge,of  figures  not  in  their  immediate 
connection  themselves  erroneous,  but  which  are,  nevertheless,  not  quite  strong 
enough  to  bear  the  straJn  of  the  superstructure  to  be  reared,  or  which  ore  devoid 
of  the  essential  elements  of  true  comparability  of  condition. 

It  is  then  alike  for  the  makers  and  the  users  of  statistics  to  observe  much 
caution  in  their  own  utterances  and  in  the  manufacture  of  those  missiles  of  con- 
troversy which  every  table  furnishes,  and  which  in  the  hasty  disctissions  of  our 
day,  when  mere  rapidity  is  exalted  almost  to  the  place  of  a  virtue,  are  apt  at  times 
to  prove  dangeroQS  to  those  who  wield  them,  whether  in  the  press,  tiie  Iectnr&< 
room,  or  the  senate. 

Moet  of  all  is  it  incumbent  on  one  who  ventures  on  the  duties  of  this  Chair 
with  none  of  the  opportunities  of  refiection  which  many  professorial  predecessors 
must  have  enjoyed,  and  who  comes  straight  from  the  daily  turmoil  of  ezecntive 
work  and  the  discharge  of  continuous  olfidal  service,  to  exercise  some  reticence  in 
venturing  on  expressions  of  individual  opinion.  In  what  I  may  say,  tharefbre, 
by  way  of  preface  to  your  discussions  I  wonld  endeavour  to  confine  my  remarks 
to  a  notice  of  some  of  the  chief  statistical  investigations  now  impending  and 
nn  account  of  the  difficulties  to  he  encountered  by  the  statistician  m  his  work, 
iUustroting,  from  the  class  of  subjects  with  which  my  work  has  made  me  fiuuilior, 
the  sorts  of  obetades  which  hinder  the  accurate  presentation  of  international 
comparisons  of  ad^icultuisl  conditions. 

The  entire  omission  of  a  sectional  address — for  which  there  is,  I  believe,  pr»< 
cedent  in  your  records — or  the  substitution  of  a  simple  speech  fora  reesoned  paper, 
as  was  allowed  to  the  distinguished  stat«eman  wbo'preeided  at  the  last  Bradford 
meeting,  on  the  score  of  the  demands  of  the  State  on  the  services  of  ita  eervants, 
might,  perhaps,  have  met  m^  case  and  relieved  me  of  a  duty  to  which  I  feel  far 
from  equal,  and  you  of  listening  to  my  crude  remarks.  This  indulgence  has  not, 
liowever,  been  secorded,  and  I  must,  therefora,  crave  tbe  pardon  of  the  Section  1  can 
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only  B«rTfl  ao  badlj,  and  ur^  it*  memboni,  in  the  later  dificneeians,  to  su^lj  tbo 
ahorteomiiigi  of  the  occupant  of  the  Chair. 


lb  occupant  o: 

Of  all  statistical  work  the  enumeration  of  the  nnits  of  population  must  ever 
take  the  foremost  place,  and  on  the  ere  of  the  cenaua  to  be  taken  before  manjr 
mora  months  hare  pasMd  a  referatce  to  that  )n%at  impentUng  task  coutd  hardly 
be  omitted  on  ibis  occasion.  In  common  with  all  ttudenta  of  the  machinery  of 
censos-takinff  I  am  aure  I  echo  the  feelings  of  the  Section — as  1  do  thoae  of  the 
Hoyal  Statistical  Societv,  who  hare  Icmg  laboured  in  this  direction — in  deeply 
regretting  that  the  first  census  of  the  twentieth  centtuy  is  not  to  pooseaa  the 
distioction  many  had  hoped  to  eee  conferred  upon  it  of  being  by  pKliminatj 
announcement — as  I  hope  it  may  prove  to  be  in  ultimate  fact — the  fiist  of  a  aeries 
not  of  decennial  but  of  quinquenmal  coontinge  of  the  people. 

The  growing  compleiity  of  social  conditions  and  speed  of  life  in  all  its  functiona 
at  the  present  date,  contrasted  with  the  leisurely  movements  of  a  hundred  yeua 
ago,  would  alone  and  amply  justify  a  more  frequent  stock-taking  of  the  inhalntaDts 
of  Qreat  Britain  than  has  been  the  practice  in  the  post.  The  practical  wants  of  onr 
mnch-muldplied  system  of  local  govenmient  cannot  fail,  1  belieTe,  ere  long  to 
bring  about  the  granting  of  an  intermediate  numhering,  even  if  for  the  moment 
other  considerations  overmle  tiie  more  academic  pleaa  of  statisticians  for  tbis 
Teform,  or  the  arguments,  sound  as  I  believe  them  to  be,  for  a  permanent  Census 
Office,  a  permanent  Census  Act,  and  a  trained  and  continuous  Cenaua  Staff,  to 
whom  preparation  of  the  machinery  beforehand  and  detailed  elaboration  of  tha 
results  after  the  actual  census  year  might  with  real  economy  be  entrusted. 

Like  probably  many  another  student  of  practical  statistical  organisation,  Z 
have  to  own  to  some  modification  of  the  demands  for  enquiry  into  the  condition 
as  well  as  the  numbers  of  the  people,  which  I  once  believed  might  be  properly 
oombined  with  the  actual  operations  of  enumeration.  Some  little  experience  in 
measuring  the  extent  and  the  value  of  the  answers  elicited  b^  question  and  by 
Hshedule  have  shown  me  that  with  dae  regard  to  the  quality,  if  not  even  to  tb» 
quantity,  of  the  replies  extracted  from  the  least  instructed  section  of  the  nopn- 
lation,  you  must  limit  your  curiosity  nnlesa  you  are  to  be  landed  in  doiuA,  in 
difficulty,  and  in  misconception . 

Specific  and  parallel  enquiries  in  point  of  time  by  one  or  another  central 
bod^  may  no  doubt  be  devised  and  directed  so  as  to  bring  out  a  definite  and 
limited  series  of  facts,  aSbrding  matter  to  be  compared  with  population  totals. 
But  to  load  the  census  proper  with  side  issues  is  not  to  help  forward  the  best  type 
of  statistical  knowledge,  and  the  attempt  may  well  be  pushed  too  far.  I  fuicy 
there  is  now  some  reason  to  believe  that  ten  years  ago  we  etred  in  this  respect.  For 
these  reasons  I  have  never  io  recent  years  been  able  to  go  along  with  many  active 
and  highly  intelligent  foreign  colleagues,  whose  more  sanguine  aspirations  as  to 

SBsibiUtJes  of  what  a  census  can  tell  it  is  always  pleasing  to  witoees,  even  if  the 
isibtUty  of  their  suggested  developments  may  be  questioned. 
Sound  and  reasonable  advice  on  such  a  subject  may  be  found  in  the  timely 
remarks  of  my  colleague  Mr.  J.  A.  Baines,  in  his  paper  to  the  Royal  Statistical 
Socte^  in  February  last  on  the  '  limitations'  of  census-taking.  From  no  better  or 
more  practical  source  could  we  hope  to  be  instructed  on  what  can  and  what  can 
not  with  advantage  he  got  than  from  the  able  officer  whose  superintendence  of 
the  vast  Indian  Census  of  I8U1  brought  him  such  widespread  recognition. 

The  mention  I  have  made  of  the  suggestions  of  foreign  statisticians  on  censna- 
takiiig  reminds  me  that  although  the  proposal  which  has  been  before  the  Inter- 
national Statistical  Institute  in  one  form  or  another  for  a  synchronous  '  world's 
census,'  at  the  moment  of  passing  from  one  century  to  another,  is  hardly  likely, 
for  administrative  reasons  and  in  view  of  the  previous  fixtures  of  the  great  censur- 
taking  Governments  of  the  earth,  to  be  literally  realised,  the  dates  of  the  great 
countings  of  the  nations  will  nevertheless  come  sufficiently  close  for  all  practical 
comparisons.  The  great  Russian  enumeration,  on  the  success  of  which  M.  TroiniteW 
is  BO  heartily  to  be  congratulated,  is  not  yet  long  accomplished.  The  twelfla 
census  of  tlie  United  Slatea  is  now  being  taken.    The  ScftsdinaTiaa  M>qvii7 
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ooinddes  with  the  century's  eod,  the  Italiui  and  the  Spasieh  cesniaea  are  ftlreedy 
overdue,  and  both  Franca  &nd  England  take  their  count  within  a  few  munths  after 
the  twentieth  centurj  has  hegtu. 

Not  persoQH  aDl^,'but  tbeii  cfinditione,  theii  posseeuons,  their  trade,  and  their 
burdens  are  all  lubjects  of  perenmel  statjatica]  enq^uirj,  and  in  connection  with  the 
last  of  these  groups  :a  the  near  future  the  attention  of  atatisticnl  criticfl  will  no 
doubt  be  drawn  again  to  the  massive  collection  of  maleriala  reapecdng  local  taxes, 
their  growth  and  pressure,  which  maj  be  looked  for  from  the  noal  report  of  the 
ItoTal  Commiaaion  on  Local  Taxation.  How  manv  times  in  the  last  half  of  this 
century  this  seclion  of  our  finance  bos  been  debated  here  I  have  not  been  able  to 
ascertain.  In  one  form  or  another  it  has  exercised  a  fascination  on  the  minds  of 
•ome  of  our  most  active  economists.  Fersooall;  I  confsBs  the  field  was  one  of  the 
first  in  which  I  vontured  to  make  some  enquiry  and  draw  tabular  comparisons.  To 
this  I  wb3  incited  bv  the  study,  not  at  first  nf  the  second-hand  stores  of  the 
manv  blue-books  which  have  s.ien  the  lijtht  on  this  matter,  but  rather  by  the 
peculiar  drcumstances  of  my  local  residence  io  a  Yorkshire  township  four-and- 
tfairty  years  ago,  when  local  gOTemment  and  local  rates  of  necessity  csme  home 
"With  primary  concern  to  one  who  happened,  like  myeelf,  to  be  the  sole  inhabitant 
householder  of  an  area  constituimg  for  eevend  purposes  a  unit  of  local 
administration. 

I  cannot  pretend  to  have  ifollowed  through  the  later  yesrs  of  the  century  the 
wider  developments  of  these  controversies,  which  were  far  from  simple  even  in 
the  days  when  the  issue  was  limited  to  a  question  of  pressure  of  the  ratal  system 
on  agricultural  land.  Now,  when  the  vast  and  complicated  outlay  of  the  great 
urban  centres  on  matters  which,  in  time  past,  we  were  not  disposed  to  regard  as 
subjects  of  taxation  at  all,  but  rather  of  directly  remunerativa  outlay,  bos  to  be 
brought  into  the  survey,  it  may  well  tax  the  ingenuity  of  our  younger  statisticians 
to  unravel  the  facts,  and  it  may  try  the  courage  and  the  skill  of  the  economists  to 
pronounce,  as  this  Section  may  be  expected  to  do  before  its  sittings  close,  as  to  the 
orthodox  limits  and  sphere  of  ever- extending  municipal  expenditure  and  municipal 
trade. 

The  statistical  part  of  such  enquiries  as  thtse  will  abound  with  problems  in  the 
working  out  of  which  it  will  be  well  to  recall  the  warnings  I  have  indicated  as  to 
the  danger  attending  the  use  of  non-comparative  or  defective  data.  Pitfalls 
innumerable  await  the  less  wary  controvereialist  in  such  questions  as  these,  which 
seem  near  at  hand,  while  yet  wider  discussion  on  the  relative  pressure  and  com- 
paratire  c^wtfa  of  taxes  generally  may  erelong  attract  renewed  attention,  as  well 
as  the  subjects  of  statistical  debate  which  centre  round  the  records  ctf  crime  and 
its  punishment,  of  educational  facilitiea  and  the  economic  results  of  their  super- 
vision by  the  State,  or,  again,  of  excursioas  into  the  intricate  r^ion  of  labour  and 
wages,  wher^  some  of  our  aectioa  have  already  pursued  us^ul  iDvestigatioug, 
In  all  and  every  one  of  these  topics  the  scientinc  statistician  will  have  to  re- 
member that  his  profession  does  not  allow  him  to  be  a  partisan  advocate  of  one  or 
the  other  view,  in  search  of  some  figures  to  illustrate  or  decorate  a  predetermined 
theory.  On  the  contraiy,  his  function  is  to  work  in  the  cold,  clear  light  of  pure 
scientjiic  research,  and  with  a  single  aim  to  free  the  facts  of  each  case  from  obscuiity 
end  place  the  data  before  the  world  in  such  shape  as  to  allow  a  true  judgment  to 
be  recorded. 

Siite  OS  fullof  difficult  jmiblems  and  obstinately  iioD-con?parable  figures  will  be 
to  be  the  use  of  statistics  of  production  and  of  trade.  The  varying  and 
scanty  records  of  one  period  may  have  to  be  viewed  in  connection  with  aod  uter- 
preted  by  the  better  and  fuller  data  of  the  day,  and  the  conditions  of  one  country 
may  have  to  be  contrasted  with  those  of  another,  while  the  puzzling  variations  in 
the  system  employed  have  to  be  allowed  for  and  discounted  in  the  conclusioos. 

Perhaps  the  difficulties  of  just  comparison  between  the  records  of  one  time  and 
another,  or  one  State  and  its  ndgbbour,  come  home  to  me  with  peculiar  eropba^ 
whun  the  statistics  dealt  with  relate  to  agricultural  condition;.    VfitU  ounelw 
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and  itdll  more  in  oertain  qaartert  tbroad  regular  agricultural  aUtiitics  an  of  qnito 
recent  lurtlu 

It  ii  difficult,  perhapi,  ibr  lu  aow  to  recall  tlia  compuadTelv  recent  origin  of 
comprebaiiHve  statutics  of  ■frriculture  in  Great  Britain,  Writers  of  note, 
eetiniimitt!,  and  philotopherB  bad  no  donbt  from  early  times  Tentared  to  make 
eatimatea  of  more  or  less  individual  authority  on  the  probable  magnitDde  of  onr 
B^ctiltural  reeourcei.  Expert  nitneeeea,  nith  more  or  1e«8  opportunidea  of  indi- 
vidual obeervatione,  came  before  Parliamantaij  Committaee  with  rongb  imprMnou 
of  Ibe  extent  of  our  cultivatttd  area  and  the  diitribution  of  the  crops  which  it  bora. 
Tbelabouraof  the  old  Board  of  Agriculture,  which  eiiated  at  the  end  of  the  last  and 
for  a  Jew  years  at  the  beginmng  of  this  century,  amaased,  no  doubt,  much  valuable 
though  scattered  local  iaformatioD  and  many  details  of  farming  prectiee,  bat  they 
completed  no  such  exact  aurvey  as  would  have  proved  invalaable  now  to  the 
statisticians  of  1900  respecting  the  use  made  of  the  soil  of  our  country  a  hundred 
vean  ago.  The  erroneous  estimate  of  47,000,000  acres  of  total  area  assigned  to  Eng- 
land by  the  Chairman  of  that  Board,  when  lat«r  data  proved  the  measurements  to 
yield  10,000,000  acres  less,  is  a  waning  of  the  care  which  ia  needed  in  the  im  of 
such  figures  as  were  available  in  those  distant  days. 

After  efforts  mora  or  less  spasmodic  in  18S1,  again  in  1846,  and  yet  agun  in  tha 
more  complete  work  of  the  Highland  and  Agricultoral  Society  of  Scotland  in  1851- 
7,  encoungMl  by  the  verdict  of  the  Houseof  Lords' Committee  of  1666,  and  fortified 
by  the  repeated  mcommendations  of  International  Statistical  Congresses,  the  House 
of  Commons  was,  in  1864,  persuaded  by  Sir  James  Caird  to  pass  a  resolution  for  the 
establishment  of  annual  agricultural  returns.  These  were  firet  collected  in  1866,  and 
one  year  later  they  took  the  more  complete  form  which  gave  us  the  continuous 
records  Great  firitaio  now  poseesaea  for  tracing  the  development  or  retiogresaioQ  of 
our  countn  in  agricultural  conditions  throughout  tbe  last  third  of  the  nineteenth 
century.  The  data  thus  obtained  must,  of  course,  be  read  with  full  allowance  for 
some  minute  but  inevitable  yerJations  of  definition  due  to  the  gradual  impTOvement 
and  growing  completeness  of  the  returns  themselves,  first  under  the  Board  of  Trade, 
then  under  the  care  of  the  Privy  Council,  and  now  under  the  Board  of  Agriculture. 

Agricultural  statistics,  whether  in  this  or  other  countries,  are  assuredly  not 
exempt  from  the  need  of  careful  and  intelligent  handling  and  of  caution  in 
dnwinfr  comparisons.  The  leading  features  to  which  any  agricultural  enquiry  ia 
directed  are  naturally  the  extent  and  characteristic  modes  of  the  occupation  of 
the  surface,  the  number  of  persons  enga^fed  and  the  size  of  their  holdings,  the 
area  and  yield  of  the  distinctive  crops,  snd  the  numbers  and  classes  of  live  stock. 
Some  of  these  points  can,  and  others  with  advantage  cannot,  b«  made  the  subject 
of  direct  annual  enquiry  and  compilation.  But  in  all  cases  queetioDS  as  to  predaion 
of  definition  arise  when  the  carefm  investigator  looka  below  the  anrface  to  see  what 
the  figures  really  mean. 

Tbe  total  measured  areas  of  the  countries  we  desire  to  contrast  may,  it  ia  true, 
be  fairly  accurately  given,  thouc-h  even  here  there  ia  room  for  error,  in  regard  to 
the  practice  of  including  or  excluding  areas  covered  by  inland  and  tidal  watera, 
lakes,  and  rivers.  When  tbe  next  step  is  taken,  and  it  ia  desired  to  contrast  the 
respective  areaa  actually  made  use  of  lor  productive  purposes,  difficulties  of  eom- 
pinsou  at  once  present  themselvea.  The  phrase  '  cu1t:vat«d '  area  in  our  country 
IS  one  to  which,  at  least  in  unofficial  it  not  in  Government  publications,  two 
distiuct  meanings  are  often  attached.  Tlie  term  ia  sometimes  used  as  if  in  some 
sense  synonymous  with  the  arable  surface,  whereas  in  the  other,  and  with  us  by 
long  tradition  the  official  sense,  the  term  covets  all  land,  other  than  woodlands 
or  rough  wastes  and  mountain  grazings,  utilised  for  agriculture,  whether  under  the 
category  of  permanent  grass  or  under  yearly  varying  crops. 

Nor  is  uniformity  of  practice  much  greater  as  regards  the  methods  of  returning 
the  actual  agricultural  population.  The  number  of  persons  actually  employed, 
male  and  female,  may  as  a  rule  he  distinguished,  but  all  countrim  are  not  agreed 
as  to  what  employment  meana.  The  practice  aa  to  who  are  and  who  are  not 
to  be  regarded  as  dependents,  or  aa  occasional  and  casual  workers,  may  vary 
greatly.    In  all  countriea,  and  perhapa  rather  more  l)l>roA4  thup  hen,  there  an 
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tnanj  peraou  who  comlune  an  agricultural  with  totna  othei  callina^,  and  thia  in 
an  infinitelj  varjiDg  degree.  The  German  and  aome  other  atadstics  endeavour 
lahorioualy  to  give  tablet  which  take  account  of  these  penons  with  double 
occupations  and  allot  to  them  a  place  under  more  than  one  head.  In  England  we 
have  no  proviaion  in  our  cenans  for  theae  caaes,  and  a  fanner  and  brewer  or  a 
labourer  eniraged  eometimes  on  a  fiirm  and  at  other  timea  at  other  work  maj  be 
clafaed  by  tbe  accident  of  the  Srat  entry  in  one  or  other  cat^ory  at  random. 

By  what  ia  nearly  a  common  conaent,  the  attempted  enumeration  of  tha 
agriculturally  occupied  population  ia  connected  rather  with  tbe  general  enqniriea 
of  the  cenaus  than  with  tne  crop  returns  of  each  year.  Its  TOlue  of  neceaaity 
depends  on  tbe  coincideDt  and  relatiTe  record  of  tbe  occupations,  other  than 
agricultural,  in  which  tbe  inhahitanta  of  any  country  ara'eng;aged.  Snch  con- 
eiderationi  supply  tbe  answer  to  lome  of  our  leas  reflectjve  writera  on  thia 
queation,  who  would  have  a  perennial  investigation  going  on  into  tbe  avulable 
snpply  of  agricultural  labour — year  by  year,  if  not  month  by  month.  The  ntov»- 
ment  in  tbe  direction  of  concentration  of  growing  numheia  of  tbe  workers  of  a 
nation  in  the  urban  districts,  which  is  apparent  in  so  many  countries  besides  our 
own,  and  under  the  most  opposite  conditions  of  GoTemmental  polity  or  agri- 
cultural organisation,  will  no  doubt  form  in  a  short  time  a  very  interesting  topic 
of  statistical  discuseion.  But  the  general  figurea  cannot  be  bandied  with  very 
great  advantage  now  at  the  distance  of  wellnigh  a  decade  from  the  last  enumera- 
tiona  and  at  the  moment  when  tbe  taking  of  a  new  census  is  at  band.  Until 
that  enqnirv  reveals  its  &ct8,  the  student  of  questions  of  relative  rural  population 
may  be  referred  to  the  mine  of  informstion  collected  by  the  Royal  Commisuon 
on  Labour,  and  the  late  Mr.  W.  0.  Little's  admirable  and  exhaustive  anslysis, 
and  to  tbe  most  valuable  statistical  huff-book  which  the  Board  of  Trade  have 
jost  issued  from  the  pen  of  Mr.  Wihnn  Fox. 

Equally  or  even  more  full  of  pitfalls  for  comparison  aie  statistics  of  the  size  of 
holdings,  whether  the  comparison  be  made  between  one  dat«  and  another  in  a 
country  like  our  own,  or  between  one  country  and  another.  Not  only  will  the 
grades  employed  necessarily  vary  between  country  and  counCry,  but  the  starting* 
point  and  dettnitjon  of  what  is  a  '  holding '  is  usually  entirely  ditferent. 

In  one  of  the  Mrlieat  meetings  of  the  International  Statietica!  Institute  at 
Rome  I  drew  attestbn  to  the  barrier  thus  offered  to  international  comparisons  on 
the  latter  point.  I  then  showed  how  occasionally  it  may  happen  that  the  ract^- 
nised  'holdings 'seem  to  have  included  every  plot,  however  nunute.  Germany  and 
Belgium,  and  I  may  add  Ireland,  apparently  made  a  beginning  at  zero.  Qreat 
Britain  at  one  time  regarded  a  quarter  of  an  acre  as  a  limit  of  statistical  enquiij, 
although  since  1882  restricting  the  term  'agricultural  holding'  to  sometlung  over 
an  acre  of  land.  Elsewhere,  aa  in  Holland  and  in  tbe  United  States,  refusals, 
except  under  specially  defined  conditions,  to  take  sjiythin^  less  than  a  plot  of  two 
and  a  half  or  three  acres  in  extent  as  a  starting-point  in  the  agricultural 
enumerationB  are  encountered. 

It  is  not  always  remembered  that  we  ouiselves  have,  even  within  the  com- 
paratively brief  coorae  of  our  official  agricultural  returns  in  Great  Britain,  held 
more  than  one  opinion  aa  to  what  the  starting-point  should  be.  At  the  first 
collection  of  theae  statistics  nothing  under  five  acres  was  taken  account  of  aa  agri- 
cultural. The  scope  of  the  annual  enquiry  waa  subeequently  extended  to  plota  of 
R  quarter  of  an  acre,  and  tbe  limit  was  raised  again  eight  years  ago  to  tbe  preaent 
requirement,  which  refrains  from  requesting  annual  detuls  of  the  acreage  of  their 
crops  from  tbe  occnjders  of  holdings  of  a  single  acre  or  less.  As  a  matter  of 
administrative  convenience  there  is  very  consideraUe  advantage  in  the  course  now 
pursued,  and  no  real  statistiMl  loss  is  involved,  for  tbe  land  occopied  by  tbe 
various  petty  crofts  or  gardens  which  escape  annual  record  was  found  not  to 
reach  one-tenth  of  one  per  cent,  of  tbe  cultivated  area,  and  such  rare  changes  as 
might  occur  in  the  crops  raised  on  these  minute  sections  of  territory  could  in  no 
perceptible  degree  affect  the  value  of  tbe  returns  as  affording  a  general  view  of 
tlw  aunent  cbj^ng^  of  agrioultural  practice.    Changes,  however,  in  the  nuit  of 
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mrea,  *8  w«ll  u  chuwea  even  id  the  direction  of  impravemeiit  in  the  wmcliinwy  of 
collectioQ,  sre  all  hindnuicei  to  very  clow  uid  accuratfl  comparuoos. 

Att«mpta  httve  no  doubt  been  mwie  to  enomente  sepantel;  tbe  Btripe  of  Und 
held  ae  inmJeDS  or  allotment*,  at  different  dates,  in  EoglMid,  but  coDfaderatioiu 
such  M  I  have  sbore  indicated  have  rendered  the  results  of  much  lese  etatistical 
TaliM  than  can  be  claimud  for  the  yearl;  letama,  and  the  failuiea  of  some  of  tbeee 
repeated  attempts  furnish  a  conspicuous  warning  aKainat  overloading  the  nevci 
very  simple  task  of  rural  stock-taking  bv  too  frequent  and  necesaaiilj  coatlj 
CDquiries  into  Teir  mioute  points  of  agrictdtural  condition. 

Even  in  records  of  the  numben  of  animals  there  is  room  for  mnch  misuDdo'- 
standing.  'Horses 'are  defined  differentlv  in  tbe  returns  of  diflerant  countries, 
at  one  place  the  nnmbers  including  trade  and  private  horses,  in  another  unlj 
those  eninged  in  agriculture.  The  ages  and  the  claaaea  of  tbeanuDalB,andthe  dates 
of  the  collection  afrain,  maj  and  do  vary  coniddetablj,  and  this  may  bring  in  lamba 
in  one  couDtry  and  omit  some  portions  of  this  group  in  another.  Even  cows,  it  is 
found,  may  mean  one  thing  in  one  country  and  another  in  another,  and  may  be 
returned  with  other  cattle  in  a  single  claaii  or  shown  separately  from  other  horned 
stock.  Oxen  are  shown  in  some  countries  with  no  distinction  of  class  or  age ; 
in  others  those  still  used  for  working  the  farm  may  be  distiDguished  from  thoK 
reared  for  purposes  of  meat  production  only.  All  these  cautions  are  only  examples 
of  the  danger  of  venturing  on  too  close  reliance  on  data  of  this  kind  in  interna- 
tional comparisons. 

Over  and  above  all  difficulties  due  to  differance  of  n^cultural  practice  and 
local  definitions,  the  moet  serious  bar  to  exact  companaon  of  tbe  course  of 
agriculture  in  different  countries  is  the  widely  varying  ^metice  as  to  the  intervals 
at  which  statistics  are  collected.  Livestock  may  he  enumeTat«d,  as  with  ourselves, 
in  France,  or  in  tbe  United  States,  annually,  while  wide  gaps  occur  between  the 
years  of  stock-taking  elsewhere.  Tbe  acreage  of  each  crop  in  eadi  season  may  be 
recoTdi»d  in  one  country ;  in  another  five  or  ten  years,  in  some  cases  even  fifteen, 
may  elapse  between  the  enquiries  on  this  essential  point,  and  estimates  of  produce 
checked  by  no  local  eiamination  of  tbe  surface  occupied  too  often  prove  delusive 
guides  to  the  results  of  particular  years,  Tbsae  gaps  are  the  dread  of  any  one 
who  sets  himself  seriously  to  examine  what  has  bMU  the  guneral  movement  either 
in  the  changing  areas  of  crop  distribution  or  in  the  relative  growth  or  decline  of 
agricultural  production  abroad. 

Continuous  annual  data  of  acreage,  production,  and  live  stock  ought,  however, 
to  be  within  tbe  reach  of  most  fully  equipped  Governments  of  modem  times.  The 
method  of  the  collection  will  necessarily  oitFer.  Information  obtained  direct  from 
the  immediate  producer  by  written  schedule  is  perhaps  available  nowhere  but  in 
our  own  land.  The  fact  is  one  which  says  something  for  progreoaive  intelligence  and 
the  general  support  which  the  State  receives  from  the  great  bulk  of  farmers  of  Great 
Britain,  and  tne  working  of  our  system  bas  attracted  much  attention  of  late  from 
those  responsible  for  the  conduct  and  development  of  agricultural  statistics  in 
foreign  countiiea.  We  may  pardonably  view  our  position  in  this  country  witli 
satisfaction  when  it  is  recognised  bow  largely  foreign  correspondents  are  yearly 
seeking  for  more  and  more  information  as  to  how  so  big  a  statistical  operation 
is  annually  accomplished  here  between  June  4  and  August  2S  in  the  tune  and 
with  tbe  macbinervat  our  command.  To  the  statisticians  of  Russia,  Spain,  Italy, 
Germany,  Denmark,  and  even  of  Japan  we  have  had  lately  to  explain  ouiproceaa. 
Gould  some  approach  to  this  system  be  obtained,  tbe  means  for  accurate  measaie- 
ment  of  the  world's  agricultural  movements  would  be  greatly  helped,  and  it  may 
at  least  be  hoped  that  a  generation  hence  facilities  will  abound  for  a  closer  review 
of  tbe  position  of  food  supply  and  production  than  is  now  feasible.  But  it  is  not 
necessary  to  wait  quite  so  long  for  some  general  glimpse  of  the  facta.  Already  in 
France,  Germany,  Austria,  Hungary,  Koumania,  Russia,  and  tbe  United  States 
among  foreign  countrie8,iu  our  Indian  possessions,  and  in  our  Auatralaeion  cokmias^ 
we  find  indeed  annual  statements — not  all,  however,  collected  similarly — of  tb* 
area  under  the  principal  grain  crops.    Two  only  of  the  pronncas  of  the  C       ' '   - 
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Dominion  venture  an  annual  rstums.  Annasl.'if  later,  fignree  nach  lu  from  tlie 
Btnaller  States  of  Holland  and  Sweden,  and  from  Algeria  and  Japan. 

It  ie  not  for  ue  Itere,  like  amateur  war-critiea  distributing  praiee  and  blame  from 
our  armcbairB  on  slatUtidans  engaged  in  local  conflict  with  tlie  difficulty  of  cro^ 
collection  abroad,  to  forget  the  relative  compactoeaa  of  the  area  of  these  islands 
and  the  relativelj  developed  intelligence  of  an  agricultural  population  &rming,  on 
the  average,  larger  holdings  than  moat  of  our  continental  neighbours.  We  ou^ht 
not,  therefore,  to  refuse  to  appreciate  the  difBcultiea,  administrative  and  financial, 
which  a  dose  adoption  of  anything  like  the  British  system  would  involve,  either 
where  the  peasant  population  is  [ffedominant  or  where  the  areas  to  be  accounted 
for  are  vast,  as  in  the  United  8tat«e  or  in  Russia. 

It  is,  I  think,  in  the  circumstances  not  illegitimate  to  use,  at  all  events  for 
comparison  of  the  state  of  matters  within  the  same  country,  the  data  which  are 
now  available  from  year  to  year.  With  leas  conSdence  we  may  even  quote,  as 
presumptive  indications  of  the  directions  of  movements,  the  isolated  returns  of 
acreage  for  pardcular  years  which  abne  some  States  supply.  That  tiiere  is  peril, 
however,  in  such  a  course  may  be  seen  by  what  is  proved  to  have  happened  in  a 
oountry  like  France,  whence  we  do  receive  contiououe  data.  For  the  cost  quarter 
of  a  century  the  acres  devoted  to  wheat  in  France  have  been  practically  the  same, 
17,000,000  acres.  One  single  exception  appears,  however,  in  the  season  of  1891, 
when  under  ezceptional  climatic  conditions  an  area  of  only  14,000,000  acres  was 
reported.  Now,  had  France  rendered  only  occasioaal  acreage  records,  like  her 
Belgian  nraghbour,  like  Denmark,  or  like  Argentina,  and  had  the  year  1891  chanced 
to  be  the  date  of  the  enquiry,  an  investigation  of  the  rise  or  fall  of  wheat  culture 
in  Europe  might  have  been  deSected  from  a  true  conclusion  by  the  deceptive  record 
of  a  state  of  matters  occurring  only  once  in  a  (angle  exceptional  season,  and 
immediately  recovered  from. 

In  any  attempts  which  may  be  madt),  even  within  the  period  of  fairly  reliable 
agricultural  statistics,  to  trace  tbe  features  of  the  changes  of  toe  past  Inentyor  thirty 
years,  it  is  necessary  to  remember  that,  as  betireen  one  country  and  another,  the 
data  can  be  received  only  with  much  reserve,  and  as  strictly  comparative,  if  even 
that,  only  within  the  respective  States  compared  at  diiierent  dates. 

Attempts  to  utilise  etatistical  data,  to  determine  the  relative  development  of 
agriculture  in  different  parts  of  the  world  and  at  different  periods  of  time,  are 
sometimes  made  with  re«>rd  solely  to  what  is  described  as  the  world's  aggregate 
of  one  or  two  leading  individual  products  as  typical  as  the  rest ;  or,  again,  one  or 
two  typical  countries,  or  at  least  countries  where  the  available  information  is 
more  complete  than  elaewhote,  are  chosen,  and  the  courae  of  development  or 
decline  of  their  crop  areas  or  the  several  descriptions  of  their  animal  produce  is 
traced  and  compared. 

Certain  obvious  objections,  which  it  is  well  to  recognise,  impede  the  student 
of  figures  who  resolves  to  proceed  on  the  first  of  these  methods.  At  the  outset  he 
is  arrested  by  embarrssemer.t  attending  the  choice  of  what  single  products  are  to 
be  held  as  representative  of  agricultural  outturn.  The  most  usual  of  all  selec- 
tions is  that  which  restricts  enquiries  to  the  case  of  wheat.  This  course  appears 
to  be  rendered,  comparatively  speakiiur,  easy,  as  more  has  probably  been  wnUen 
and  more  statistics,  official  or  unofficial,  theoretical  or  commercial,  actual  or 
imaginary,  have  been  compiled,  with  regard  to  this  bread  grain  than  for  any  other 
crop.  But  it  ia  time  we  recognised  that  wheat  has  had  too  much  and  too  exclu- 
sive attention  directed  to  it  as  a  typ«  of  agricultural  production.  Very  widely  aa 
it  is  undoubtedly  used  in  the  form  of  bread,  even  as  food  its  plice  is  occupied  at 
one  time  or  another,  and  in  one  country  or  another,  by  other  subatitutes,  and  ita 
cultivation  is,  oAor  all,  not  the  employment  which  demands  the  most  attention 
and  most  skill  at  the  hands  of  the  agriculturist.  Not  only  do  rya  and  even 
maize  serve  as  substitutes  or  supplements  in  feeding  man,  but  other  crops,  such  as 
oata,  barley,  millet,  rice,  and  so  on,  have  claims  to  greater  notice  than  thej 
receive,  and  play  a  direct  as  well  aa  indirect  part  in  providing  food.  Cotton,  flax, 
and  wool  ate  other  typical  products,  the  use  of  whick  for  clotbiog  is  all-importaut 

ogle 


828  REPOKT— 1900. 

tu  an  enormoiu  popnlation,  and  the  ezteorioii  ot  retrognauon  of  sacli  eropa 
deeervM  some  of  the  attention  of  the  a);riculturel  statiatician.  .Tea,  coffee,  wine, 
aplri(«,  and  beer  are,  it  is  not  to  !»  forgolten,  agricoltural  prodacta  in  one  dime  or 
another,  either  directly  or  indirectly;  and  crops  so  important  as  eu)(ar  or  tobacco 
are  almost  to  be  classed  as  necessariee  of  existence.  Of  jearlj  grotrintf  importanca 
is  it  also,  in  these  days,  when  the  auimal  portion  of  our  food  supply  bulks  so  much 
more  fully  than  before  in  the  daily  rations  of  populations  as  the;  grow  in  wsaltii 
and  iuereaae  in  consumptive  power,  that  we  should  closely  follow  the  flactnations 
in  the  lire  stock  maintained  for  food  and  learn  the  teaching  of  the  agricultural 
retunia  on  the  maaufoctore  of  beef,  of  mutton,  of  pi?  meat,  or  of  milk. 

The  growing  requirements  of  our  40,000,000  of  population  in  this  conntrr — 
dependent  for  a  large  proportion  of  their  meat  oa  cattle,  sheep,  aod  swina  fed  in 
Other  lands  and  in  some  of  the  most  distant  countries  of  the  globe — have  pro- 
voked a  series  of  enquiries  into  the  extent  of  our  domestic  production  and  the 
density  of  the  herds  and  flocks  m^ntained  on  like  areas  of  the  surface  of  the  other 
and  different  regions. 

It  is  half  a  century  since  Sir  James  Caird,  in  calling  the  attention  of  farmers 
to  what  be  foresaw  was  the  certua  growth  of  the  demand  for  butcher's  meat,  for 
milk,  and  for  butter  in  the  United  E^ngdom,  amied  that  as  the  expenditure  of 
the  lower  clasBes  increased  the  development  of  household  outlay  with  increanng 
means  would  necessarily  take  this  direction.  Venturing  a  little  beyond  the  eaft 
fp^und  of  statistical  deduction  as  to  what  was  forthcoming  from  our  own  stock, 
It  is  true  he  prophesied  thfit  it  would  not  be  found  practicable  to  import  fresh 
provisions  coming  from  distant  countries,  and  be  therefore  BU|fgested  that  thfi 
enterprising  home  producer  would  have  the  full  market  here  practically  at  hia  own 
vommand.  The  same  authority  repeated  in  1868  his  adrice  as  to  the  direction 
the  development  of  agriculture  here  might  take,  placing  the  extent  of  the  reliance 
of  the  British  consumer  on  the  foreigner  at  only  one-ninth  part  of  bis  supply  of 
meat,  and  one-Gfth  of  his  consumption  of  butler  and  of  cheese.  That  these  ratio* 
have  altered  since,  to  the  detriment  of  the  producer,  if  to  the  benefit  of  the  con- 
sumer, assuredly  does  not  render  the  need  of  statisCical  enquiry  into  meat  and  milk 
production  less  urgent  than  it  was  as  a  most  important  factor  in  the  nation's  food 
supply. 

Sixteen  years  ago,  when  this  Association  met  at  Montreal,  I  ventured  to  lay 
before  tliis  Section  some  data  on  the  nature  and  extent  of  our  meat  supptiee  and 
the  scale  of  our  productioo,  based  in  the  latter  case  mainly  on  the  very  practical 
investigation  of  a  former  Preaident  of  the  Royal  Aprricultuial  Society— Sir  H.  M. 
Thompson — but  adapted  to  the  data  of  the  current  agricoltural  returaa  of  live 
stock.  For  numerous  purposes  the  formula  I  then  employed  has  since  been 
followed  as  convenient  for  serial  comparisons  of  annual  results  in  the  st*tislica 
founded  on  reports  by  Royal  Commissions  and  Parliamentary  Committees.  But 
no  student  of  statistics  wiU  contend  that  the  conditions  of  agricultural  production 
are  ever  absolutely  permanent,  and  I  have  seen  there  are  not  wanting  opinions 
that  it  may  be  needful,  from  one  cause  or  another,  to  revise  the  scalea  of  the  calcu- 
lation, ana  to  compare  the  most  recent  rate  of  meat  production  in  this  country 
with  that  of  other  lands. 

Few  aubjecta  seem  to  me  to  posseos  more  practical  int«rest  for  those  willing  to 
aid  in  atatistical  reaearcfa,  competent  to  apply  to  the  numerical  d^ta  a  ixir- 
responding  knowledge  of  the  development  of  stock-feeding  in  recent  years  and  in 
different  countries.  I  commend  a  re-investigation  of  this  suhject — and  the  kin- 
dred one  of  milk  production  and  the  manuracture  of  dairy  produce  in  this  country 
and  abroad — on  the  lines  in  the  one  case  of  the  inquiry  of  1871,  and  in  the  other 
on  the  lines  which  Mr.  Rew  sunested  in  a  paper  in  1692  to  tbe  Royal  Statiatical 
Society — to  the  best  attention  of  a  younger  generation  of  estimatorB.  Whether  and 
bow  far  the  earlier  maturity  of  our  present  breeds  of  sheep  and  cattle  and  swine 
has  resulted  in  the  production  of  a  larger  annual  volume  of  meat  is  a  factor 
which  should  have  careful  consideration,  and  if  a  careful  inquiry  should  su^^eM 
the  time  for  revinon  has  arrived  respecting  the  67  tons  of  beef,  the  12^  tons  of 
[puttop,  or  the  69}  tone  of  pig  meat  I  and  others  have  hitherto  need  u  ;])»  aqw- 
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valentitfllie&DDtialprodDctioD'of  1,000  animals  of  each  tj^e  reeooc&nly  I  shonld 
not  In  onpiepared  to  nuke  whaterer  change  is  prayed  needful,  despite  iLe  re- 
lactsnce  with  which  erety  BtatiaUdan  forsskea,  even  on  good  grounds,  s  bans 
of  conTSTsion  which  has  serred  without  break  of  continuity  for  the  comparison  of 
more  than  thirty  yean. 

How  largely  tba  demands  of  a  population  like  oni  own  have  upset  the  old  pra- 
portiona  of  our  reliance  on  imported  meat  and  imported  milk  products  may  be 
learned  from  the  fact  that  the  latest  calculation  which  I  have  made  sivgests  a 
meat  consumption  of  no  leas  than  lil2  lbs.  per  head  in  the  United  ^nf^dom, 
against  a  little  over  100  lbs.  thirty  years  ago,  more  thsn  two>fiftbs  of  the  whole 
now  reaching  us  from  forei^  countries  or  British  possesnons,  against  the  ninth 
part  at  which  Sr  James  Caird  estimated  the  foreign  quota. 

The  mention  of  these  meat  eatimatea  suggests  a  reference,  b_y  way  of  illustration, 
to  the  extremely  interesting  and  legitimate  application  of  the  important  deductions 
from  purely  agricultural  ststistics  posmble  wnen  once  the  temptation  to  narrow 
the  questdon  to  one  of  wheat  production  and  wheat  supply  is  reeist«d,  which  was 
made  by  my  coUesgue,  Mr.  (^awford,  in  a  paper  read  to  the  Boyal  Statistical 
Society  last  winter.  The  calculations  made  dealt  with  the  relative  dimensions 
and  sources  of  the  food  supply  of  the  United  Kingdom,  France,  Qermany,  and 
Balginm.  The  deductions  made  from  the  data  arailable,  and  the  useful  discua- 
sions  thus  provoked — including  a  supplementary  memorandum  by  Mr.  Booker  on 
the  relative  forces  occupied  in  production  under  the  dilfering  conditions  of  ihitish 
and  Continental  farming— are  replete  with  interest  to  the  future  inveetigator  who 
is  willing  to  face  the  labour  of  looking  below  the  suriace  either  of  agiicultural 
statisldcB  or  of  import  or  export  returns  into  the  economic  meaning  of  the  situa- 
tion thus  disclosed.  No  lesson,  perhaps,  of  this  paper  Is  more  worthy  to  be 
remembered  than  the  warning  which  it  gives  to  the  class  of  writers  who,  without 
a  due  appredation  of  the  facta,  are  as  ready,  from  the  vantsge-ground  of  the 
editorial  chair,  to  flght  the  baltie  of  the  agriculturist  for  him  on  paper,  as  to 
teach  our  generab  how  to  handle  a  British  army  in  the  field. 

But  for  considerations  often  overlooked,  which  were  on  tiiis  occasion  put 
forward,  the  abolition  of  our  dependence  on  sea-borne  produce,  it  is  sometimes 
aiyned,  could  be  procured  by  a  simple  extension  of  our  own  agricultural  area, 
what  that  extension  would  have  to  oe  it  is  now  shewn  is  something  mach  more 
serious  than  many  imagine.  It  is  not  alone  that  to  fill  the  gap  of  our  imports 
of  wheat  and  flour  would  take  another  6,000,000  acres  of  the  prolific  quality  of 
our  own,  but  the  direct  production  of  the  imported  meat  and  dairy  produce  and  of 
the  numerous  feeding  stufis  required  for  the  manufacture  of  our  present  quota  of 
animal  food  raised  at  home  would  at  the  moat  modest  computation  necessitate 
17,000,000  seres  more  to  be  added  to  our  productive  area,  and  that,  be  it 
remembered,  without  withdrawing  any  portion  whatever  of  our  present  surface, 
which,  whether  under  crop  or  grass,  helps  to  sustain  our  outturn  at  the  present 
level.  The  prospects  of  a  nractical  annexation  of  this  aggregate  of  23,000,000 
acres  to  those  now  under  cnltivation  at  home  I  confess  do  not  seem  to  me  great. 

Although  the  attempt  to  grani  the  relative  magnitude  of  the  agricultural 
production  of  one  State  as  compared  with  another,or  to  note  the  growth  or  decline 
of  its  prominence  in  the  cultivation  of  particular  staples,  or  the  manufacture  of 
particular  kinds  of  human  food,  is  always  an  enterprue  of  difficulty  in  existing 
statistical  conditions,  it  is  one  which  has  fascination  for  many  classes  of  economists 
and  politicians.  If  attempted  at  all  it  is  well  to  recognise  that  there  are  inevitable 
dangers  in  the  task,  and  that  if  any  figures  are  relied  on  as  conclusive  their 
meaniDg  most  be  interpreted  by  some  knowledge  of  .the  demographic  conditions 
of  each  State  and  its  geographical,  climatic,  and  agricultural  drcumstances. 

Taking  a  few  of  the  most  conspicuous  products  of  the  soil,  it  will  generally  ba 
found  that  a  very  few  leading  States  are  so  particularly  identified  with  one  or 
other  type  of  production  Uiat  the  examination  of  then  records  is  therefbra 
M ulabla  as  a  giude  to  the  course  of  a  single  crop. 
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Probftljly  quite  two-third*  of  the  cotton  of  the  teor\A  is  i^wn  in  the  ttoitecl 
States  alone,  where  the  surfoce  so  employed  reacltea  SS,000,000  acres  as  compared 
-with  under  9,000,000  acree  in  British  India,  the  next  larftest  cotton-growiDfr  region 
ei{  which  statistical  record  exists.  In  wool  the  produce  of  the  Aoetnlaaian 
Colonies  of  Great  Britain — with  flocks  which  still  exceed  100,000,000  bead — makes 
much  the  largest  conttibntion  to  the  total.  In  rice,  so  far  as  statistics  canj  m, 
our  Indian  powemrions  bead  the  liat  of  producers.  In  hops  the  Engliah  crop  still 
probably  exceeds  the  German  in  production,  although  the  latter  with  larger  ana 
ctoeel]'  contests  tbe  place.  In  tobacoo,  while  the  acreage  apparently  employed  in 
British  India  is  nearly  double  the  696,000  acres  in  tbe  United  States,  no  otber 
country  in  our  statistical  records  comes  witfaio  one-seventfa  of  the  American 
area.  The  vineyards  of  Italy  are  returned  a*  coverinj;  8,600,000  acres,  and 
those  of  France  4,300,000  acres,  while  those  of  Austria  and  Hunnry,  next  in 
nugoitude,  cover  Init  a  serentb  part  of  tbe  last-mentioned  Sgnre.  Russia  bulks 
largelr  as  a  grower  of  flax,  and  aloue  shows  a  whole  third  of  tbe  area  of  barley 
}untries  which  supply  returns,  aod  if  in  the  case  of  potatoes 
is  not  -very  different  from  that  of  Germany  the  total  produc- 
re  reaches  the  largest  aggregate  of  any  single  country, 
inquiry  be  the  place  of  wheatgrowing  in  tbe  world  at  one 
lid  not  be  lo  tbe  older  European  countries,  other  than  Rufoia 
at  all  evente,  we  should  turn  to  see  where  tbe  surface  so  utilised  was  extending. 
Reckoned  by  the  percentage  of  her  cereal  area  which  she  still  devotes  to  wheat, 
Fiance,  witli  47  per  cant,  under  the  crop,  or  Italy,  with  66  per  cent.,  would 
naturally  be  selected  as  typical  wheat-growers ;  but  both  are  practically  in  a 
stationary  or,  collectively,  even  in  a  slightly  retrograding  position.  It  is  on  tbe 
other  ude  of  the  Atlantic  where  tlie  most  noteworthy  movements  hare  occurred. 
In  comparatively  new  exporting  countries,  such  as  Argentina  and  Canada, 
though  ibe  statistics  from  neither  are  complete,  wbest  areas  still  extend,  and 
that  of  the  United  States,  though  fluctuating  with  great  sensitiveness  under  vaiy- 
ing  price  conditions,  and  moTing  from  one  centre  to  another  westward  or  nortfa- 
weetward  across  tbe  American  continent,  is  now  reported  as  covering  44,600,000 
acres.  This  total,  it  must  be  allowed,  -whatever  views  may  be  held  as  to  future 
progress,  makes  the  United  States  a  typical  grower  of  this  particular  cereal,  to 
which  it  giTes  an  importance  second  only  to  the  still  more  extensive  prodact  of 
American  soil,  to  which  we  give  the  name  of  maize,  but  to  which  alone  in  Ameri- 
can parlance  is  allowed  tbe  title  of  com. 

The  leading  changes  in  the  production  of  typical  crops  as  meaenred  by  tbe 
acreage,  and  the  st^^k  of  cattle,  sheep,  and  swbe  rwxadei  at  or  near  tbe  com- 
mencement, tbe  middle,  and  tbo  cloee  of  tbe  past  tbirty  years,  may  be  oontraetad 

for  exporting  countries  with  expanding  populations  sod  growing  agriculture,  and 
in  countriea  where  these  conditions  are  absent,  or  in  a  typical  consuming  centre 
like  our  own  country.  Relying  on  tbe  agricultural  returns  of  the  United  States, 
a  table  could  he  constructed,  as  under,  for  three  dates  within  the  past  thirty  yeara 
which  fumiab  tbe  following  indication  of  agricultural  changes : — 


United  States 


Population,  in  million  persons  . 
Area  nnder  maize,  In  million  ace 
Area  tinder  wheat  „ 

Area  nnder  oats  „ 

Area  under  cotton  „ 

Cattle  (million  head) 

Swine  „  ... 


1870 


1866 


In  1870  the  tJuited  States  held,  it  would  thus  appear,  a  pt^Utipn  qf 
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58,600,000,  and  grew  an  acre  of  maiie  for  each  unit  of  the  population,  and  an 
acre  of  wheat  for  efeiy  two  persona,  and  eoinewhat  more  than  an  acre  of  cotton 
Jbr  every  four.  At  thii  period  tbe  surplus  eipoiled  to  other  nations,  it  maT  be 
added,  represented  two-tltiida  of  the  cotton,  rather  more  than  one-fifth  of  tbe 
wheat,  bnt  less  than  one  per  cent  of  the  moiie. 

Id  1886  the  population  had  augmented  to  an  estimated  total  of  £6,000,000,  or 
bj  M  per  cent.  The  area  under  the  crops  above  quoted  had  meantime  been  ex- 
tended in  nearlj  twice  this  ratio.  The  United  States  exported  still  about  two- 
thirda  of  the  cotton  srown ;  the  wheat  export  was  slightiy  greater  in  proportion 
to  the  product  than  before,  or  26  per  cent.,  while  nearly  S  per  cent  ofthe  maise 
cropfound  a  market  abroad.  ^ 

The  population  of  tbe  States  is  now  es^mated  to  have  risen  to  76,000,000,  or 
twice  what  it  was  tbirtr  years  ago,  althotigJi  the  census  has  jet  to  say  if  this 
calcnlation  has  been  realised.  The  ciiltiTaiion.  of  maize  had  meantime  reached 
82,000,000  acrea,  wheat  wan  reported  to  cover  44,000,000  acres,  and  cotton 
^6,000,000  acres,  while  the  foreign  market  received.  06  per  cent,  of  the  cotton, 
32  per  cent,  of  the  wheat,  and  now  as  muoh  as  9  pea  cent,  of  the  maize  grown  on 
these  arsat. 

In  none  of  these  cases,  it  will  be  noted,  has  the  area  under  crop  failed  to 
increase,  but  in  all  the  rate  of  increase  was  dislinctl;  slower  in  the  second  than 
in  the  first  half  of  the  period.  If  time  sudiced  to  trace  the  annual  courte  of  move- 
ment between  the  contrasted  dates,  it  might  be  well  remembered  that  iront  1871 
onward  to  1889,  with  only  a  sinHe  slight  check  in  1887,  the  growth  of  the  maize 
acreage  has  been  continuous.  From  1880  to  1884  fluctuations  were  reported 
yearly,  ending  in  the  latter  year  at  a  total  acreage  DO  higher  than  that  of  1880,  but 
returning  again  in  a  single  year,  if  lie  record  can  be  trusted,  to  the  highest  point 
reached.  The  wheat  acreage  movement  has  been  more  irregular,  and  the  bteat 
fif^res  are  complicated  by  the  admitted  coirections  which  were  made  to  an 
amouDt  of  5,000,000  acres  for  too  low  prerious  estimates  in  1807.  Allowing  for 
thia,  the  regular  upward  movement  of  tbe  wheat  acreage  was  apparently  checked 
in  1880,  and  has  only  begun  again  since  1898  under  the  stimulus  of  higher  pricee  in 
tliat  year. 

In  live  stock  the  development  noald  eeem  to  have  been  arrested  altogether 
between  1885  and  the  end  of  tbe  century  in  the  case  of  cattle,  and  turned  into  an 
absolute  declinein  the  number  of  sheep  and  swine,  although  in  the  fifteen  years 
before  1886  cattle  had  increased  more  than  71  per  cent.,  awine  74  per  cent.,  and 
sheep  2S  percent  As  a  matter  of  fact  the  maximum  number  of  cattle  was  reached 
in  1892,  when  the  numburs  were  54,000,000,  or  ten  milliona  more  than  at  present, 
the  stock  of  swine  declining  in  a  stiil  greater  ratio  &om  tbe  same  year,  and  sheep 
declining  and  rising  again  in  the  separate  periods  between  1883  and  1889,  and 
between  18S3  and  1897.  If  the  ratio  under  each  head  to  popnlation  is  considered, 
it  would  appear  that  the  United  States  possessed  601  cattk  lor  every  1,000  of  her 
lUtiEene  in  1870.  This  was  raised  to  8SU  per  1,000  persons  in  1686,  while  the  ratio 
now  has  fallen  again  below  the  starting-point,  or  to  604  per  1,000  persons.  Sheep 
have  fallen  in  the  thirty  years  froml.OeO  in  1870  to  880,  and  now  to  537  head 
only  per  1,000  inhabitants.  These  remarkable  changes  are  worthy  of  note  in 
connection  with  the  exports  of  living  animals  and  animal  products,  which  last  have 
been  maintained  at  a  still  higher  level  than  before. 

Turning  to  a  country  of  nearly  stationary  population,'  provided  for  In  the  main 
from  its  own  agricultural  produce  with  only  slight  assistance  ftom  abroad,  a  like  con- 
treat  for  the  beginning,  the  middle,  and  the  end  of  the  period  tmder  leview  will 
give  roughly  the  resuTte  shown  below.  Here,  although  we  are  provided  with  an 
anno^  figure,  the  start  has  to  be  made  after  the  Franco-Oerman  war  with  the  data 
two  years  later,  or  in  187S.    (For  table  see  p.  832.) 

ThnsinFrance,  where  wheat^p^wing  has  always  had  such  a  predominance  among 
the  cereala,  the  area  ia  neither  increasing  nor  diminishing.  Tbe  total  of  17,000,000 
acrea  falls,  however,  somewhat  short  of  the  proviuon  of  an  aci«  to  two  peracme. 
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wiiich  lield  gwd  in  the  Umted  Statu ;  but  this  Ib  mora  than  corrected  V  ^ 
higher  avenge  vield,  which  is  aettrlj  6  buihels  per  icre  greater  in  Tnnoe  th*n  in 
America,  ^king  wheit  had  rfe  together,  theie  ue  a  nuUion  acm  leaa  of  bnad 
com  grown  in  France  than  there  was  when  hei  elow-moving  population  wu  two 
tnilliona  smaller,  or  lees  than  fi6  acrea  to  100  persona  now  aa  againot  60  acne  to 
the  100  twentjHBight  jears  ago. 


FnuiM 

ISTS 

1S8S 

18M 

Area  under  wheat,  in  milljoa  acres 

Area  under  oaU                  „             ... 

Area  in  vinejaidi             „            ... 

Cattle  (mUlion  head) 

Bhoep          „                    

Swine         ,.                  

Ml 
17-1 
JB 
4-7 

e-s 

US 
24-B 
6'4 

38-J 

US 
91 
41 
4-9 
131 
M-G 

es 

SB-S 
171 

9-7 

S-G 

43' 
13-4' 
Sl-3' 

6-8' 

The  changes  which  the  last  ijnarter  of  the  nineteenth  cantimr  baa  seen  in 
the  leading  features  of  Prench  agnculture  maj  be  aoailj  snuunariMd.  The  popo- 
latioa  of  1872  but  little  exceeded  86,000,000,  that  of  1866  raacbed  88,000,000,  and 
the  latest  data  only  bring  it  np  to  little  oter  36,500,000.  The  wbeat^owing 
area  remaine,  it  woiild  appear,  under  all  conditions  practically  at  17,000,000  acns, 
the  only  break  to  the  general  imiformity  of  the  cultivation  of  this  cereal  (with 
which  the  returns  iuclude  apelt)  occurring  in  the  seaaon  of  1801,  when,  onder 
exceptional  climatic  conditions,  only  14,000,000  acr«e  were  harvested. 

There  is  one  t^ical  Freneti  agricultural  product — wine — which  haa  materially 
declined  under  arcumstaDcea  which  are  well  known.  The  vineyarda  of  187S, 
which  were  reported  as  covering  6,600,000  acres,  are  now  returned  as  leas  by  a 
third  of  that  area,  and  covering  4,300,000  acree  only. 

Incattle  a  material  growth  up  to  1886,  but  a  ver^  small  incrMSe  dnce  that  year, 
is  reported ;  while  if  sheep,  as  in  all  European  countnea,  are  fewer,  the  fall  ia  less  than 
in  Qennany,  and  it  is  most  marked  in  the  first  half  of  tbe  period.  Swina  in  Francs 
have  steadily  increased.  As  regards  the  cattle,  it  may  be  notad  that  France  had 
313  cattle  to  each  1,000  of  her  people  in  1672, 346  in  1885,  and  362  per  1,000  now. 
Of  sheep  the  number  per  1,000  u  660,  against  681  at  the  earlier  date. 

Treating  a  few  of  the  distinctive  itointa  of  our  own  agriculture  in  the  same  way 
at  the  bej^inning,  middle,  and  end  of  the  past  thirty  years,  the  statiatice  of  the 
United  Kmgdom  would  give  these  results  : — 


United  Kingdom 

1S7D 

ISSG 

1S0B 

Population,  Id  million  persons . 

31'2 

36-0 

4fr7 

Area  under  wheat,  in  million  acres  . 

88 

2-6 

2^1 

*■* 

4-3 

41 

Area  nnder  other  com  cropa 

3-G 

31 

2^ 

Cattle  (million  head) 

9-2 

10-9 

11-8 

Sheep 

30-1 

Swine          „ 

8-7 

8-7 

4-0 

Here  the  most  strikiDj;  contrast  with  France  is  in  the  growth  of  popnlatioa. 
From  being  a  country  with  6,000,000  fewer  inhabitants  the  Dnited  Kin^om  is 
now  one  actnally  greater  by  2,000,000  persona  than  ia  France.  Thiaiaan  mcraaie 
of  more  than  80  per  cent.,  while  the  surface  under  wheat  haa  heavily  fallen,  the 
mam  loss  occurring  under  circnmatancea  which  have  been  amply  diacuHsd  b 
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1876  ud  1895.  With  mom  reriT&l,  u  in  America,  conieqaent  od  an  ituproTe- 
ment  of  price  in  recent  jewte,  the  aligbt  sppuent  decline  I  have  ataown  in  the 

coltkation  of  oats  ia  in  fact  confined  to  IreUnd,  the  area  in  Omat  Britain  being 
KTeater  than  at  the  b««iniiiDg  of  the  period.  The  cattle  stock  of  the  United 
Kiturdom  is  increaaed  bj  aome  23  per  cent,  jnd  the  swine  bj  about  8  per  cent., 
whib  OUT  flacks  of  sbeep  bare  been  maintained  at  a  level  far  ecceediitg'  that  of 
other  European  States,  and  dietinctlTe  in  a  peculiar  manner  of  the  agricaltute  of 
Ureat  Britain,  for  they  Btill  repieeent,  as  it  appears,  on  the  average  400  sheep  to 
every  1,000  acres  of  land,  against  164  in  France,  81  in  Qennany,  32  in  Belgium, 
and  17  in  the  United  States. 

Passiog  to  a  comparison  with  anotber  great  country,  nhicli,  like  the  United 
States,  is  a  typical  exporter  of  more  than  one  form  of  agricultural  produce,  it  may 
be  asked  how  far  the  available  statistics  of  Rusaa  allow  such  information  to  be 
fumiahad.  For  the  earliest  of  the  three  years  contrasted  the  dates  for  the  Russian 
empire  are  meagre  and  unsatisfactory.  Poland  must  be  excluded  as  blank  in  our 
statistics  at  that  time,  while  as  regards  animals  no  figures  at  all  would  appear  to 
have  been  made  public  for  any  of  the  last  twelve  years.  With  such  qualidcatjons 
as  these,  the  availaUe  data  for  the  nearest  year  in  the  larger  crops  stood  as 
under: — 


1                   Boieis  in  Europe  (™  PoUod) 

1870 

1885 

"»    1 

Area  of  rye  in  million  acres     . 
1   Area  of  wheat             „ 
Area  of  oats                ,. 
Area  of  other  cereals  in  million  acres 
Cattle  in  million  head     . 

65-7 
66*' 
287' 
328 ' 

T 
23'8 
48-1 
91 

81'7 
6V6 
28-9 
34-3 
31-4 
23-6' 
46  7' 

94-3* 

63-4   I 

38-0 

361 

84'2 
(24-6)  < 
(445)  < 

(9-2)' 

1   Swlno             ,                    ... 

Thirtv  years  ago  the  population  of  European  RugsiB,  ej;  Poland,  would  appear 
from  such  data  as  we  pAssess  to  have  been  estimated  in  round  numbers  at  under 
aixty~six  million  persons.  It  is  given  as  somewhere  about  eighty-two  millions  in 
18d6,  and  accordicg  to  the  recent  census  it  is  ninety-four  millions  now.  The  bread 
corn  of  the  countrv  continues  to  be  much  more  largely  rye  than  wheat,  and  the 
area  in  the  year  1875,  for  which  statistics  are  available,  occupied  by  the  former 
as  practicnlly  sji  acre  to  tlie  person,  or  in  all  66,400,000  acres,  Jeaa  than  half 
e  per  inhabitant,  or  iiO,OUO,000  acres,  being  under  nhsat.  The  combined 
surface  devoted  to  thvse  two  bread  grains  together  was  thus  1)6,000,000  acres  in 
the  areregate,  or  145  acres  to  every  100  persons. 

Fifteen  years  later,  when  the  population  was  apparently  greater  by  16,000,000 
pei-BOOS,  or  2-1  per  cent.,  the  statistics  of  rye  acreage  indicate  2,000,000  acres  less 
tban  before,  or  6J,6OO,0O0  acres.  Thx  wheat  acreage,  if  the  ofEcia]  data  be  accepted, 
was  little  if  nt  all  in  excess  of  the  1672  figure,  the  rpe  and  wheat  together  roughly 

e'viug  llSacresto  100  persons.    Theauggestionof  this  decline,  while  the  ezportsof 
lib  grains  were  maintainsd  oreitended,  affords  an  opportunity  for  closer  enquiry 
into  Uie  basis  of  the  published  returns  which  are  received  from  that  country. 

But  carrying  the  review  of  the  oE&cial  figures  further,  the  very  latest  data  for 
this  section  of  the  Russian  territory  would  appear  to  indicate  a  yet  further  shrink- 
age in  the  acreage  of  rye,  but  accompanied  now,  as  was  apparently  not  the  case 
until  lately,  by  a  considerable  increase  in  land  under  wheat.  The  total  of  this 
cereal  is  now  put  as  high  as  38,000,000  acres,  but  the  net  available  area  of  brmd- 
■tufis,  although  brought  up  to  101,000,000  acres,  represents  a  still  diminishing 
ratio  to  population,  or  107  acres  to  every  100  persons.    Moreoyer,  as  Russia  must 


'  In  1872. 
190  0. 


a  01.1897. 


*  In  1888. 
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Iw  mgsided  m  gtaviag  botli  whe&t  and  lye  for  export  M  well  as  eonsamptioD,  the 
Urg«t  proportiaiu  of  oer  acKM«  which  is  employed  in  feediog  ft  iioa-Rusei«n 
populaUon  deserve  to  be  specdAllj  mulied  is  thu  conoectioD,  when  tbia  low  yields 
4^  both  cereale  are  remenibeTed. 

Whether  the  forcing  figureB  do  indeed  repremit  the  beta  of  each  period  ic, 
I  think,  a  worthy  object  of  enquiry  for  some  of  our  youngsr  atatiaticiuia,  aad  it  ia 
a  problem  one  woula  like  to  see  oolTsd  as  regards  this  particalar  coontry  befors 
Tentnring  on  any  too  oonGdeut  eoucliuion  aa  to  what  is  the  real  meanlog  of  the 
changes  of  the  paat,  and  what  may  be  the  future  posdon  in  regard  to  the  growth 
of  breadstuff^  and  the  growth  of  population  in  the  world  aa  a  whole. 

Calculations,  however,  such  as  those  just  quoted  cannot  fail  to  remind  the 
student  how  very  difisrent  in  productive  power  the  '  acre'  of  wheat  may  be,  and 
is,  in  different  countries.  Aaauming  that  we  take  the  existence  of  38,000,000  acres 
as  reported  of  wheat  land  in  Russia  in  Europe  (ex  Poland)  to  be  proved,  a  com- 

Jirisou  of  the  estimated  yields  shows  that  such  an  area  represents  leea  than 
S,000,000  acres  of  the  productive  power  we  are  accustomed  to  in  Great  Britain. 
So,  too,  for  the  vast  wheat  area  of  tha  United  States,  it  takes  two  and  a  third  acres 
to  produce  what  is  now  our  average  yield  in  thit  country.  Three  Indian  or  three 
Italian  acres  of  wheat  of  the  ealibe  iiow  in  use  would  in  tbe  same  way  be  required 
to  supply  the  number  of  bushels  that  a  single  acre  of  our  soil  in  the  climate  wa 
enioy,  and  worked  under  the  system  of  farming  that  we  practise  here,  would  in 
ordinary  seasons  produce.  In  other  extensive  areas  of  wheat-growing  the  yields, 
though  greater  than  the  above,  are  very  conwderably  below  our  own,  the  Austrian, 
Hungarian,  and  French  yields  standing  at  16, 17,  and  18  bushels  reepectivelj, 
against  the  30  bushels  which  is  apparently  the  average  yield  of  the  last  five 
years  in  the  United  Eingdom.  Only  when  we  con)e  to  very  small  total  areas  do 
we  find  instances  where  the  average  wheat  yields  approach  or  over  any  consider- 
able periods  exceed  our  own.  When  Denmark,  for  example,  is  referred  to  aa 
Teaching  42  bushels  per  acre  ia  the  season  of  1896,  it  is  not  to  be  forgotten  that 
only  a  minute  area  of  selected  land,  in  this  case  only  8i,000  acree,  is  devoted  to 
this  cereal.  Basalts  realised  on  this  small  scale  can  hardly  be  spoken  of  as  an 
average  in  contrast  with  those  of  countries  where  millions  of  acres  are  grown,  and 
can  usually  be  paralleled  in  some  sections  of  tbe  lugger  country. 

Nor  should  it  be  foigotlan,  if  the  agricultural  position  of  one  State  be  com- 
pared with  another,  how  widely  the  conditions  ol^  different  parts  va^  from  tho 
picture  presented  by  the  average  figures  credited  to  the  State  as  a  unit,  and  bow 
oiten  sections  of  one  country  differ  more  from  each  other  agriculturally  than  from 
the  country  with  which  they  are  contraated.  Within  the  United  Kingdom  alone 
we  are,  or  ought  to  be,  familiar  with  essential  local  differences  of  this  type,  which 
have  to  be  kept  in  mind.  Even  in  respect  of  the  relative  density  of  population 
and  the  number  of  mouths  to  be  sustained  io  a  given  area,  it  may  be  qmte  correct 
to  describe  eveiy  1,000  ecree  in  the  United  Kingdom  as  carrying  on  thor  surface 
on  tbe  average  619  persons,  but  it  may  be  remembered  with  advantage  that, 
considered  (reographically  apart,  Scotland,  for  o-vample,  is  a  country  of  but  220 
persons,  and  Ireland  of  but  219,  to  the  1,000  acres  of  area. 

Such  a  po»iitton  suggests  that  it  might  be  fair  to  draw  our  agricultural  com- 

Birisona  between  Scotland  or  Ireland  as  units  of  area,  and  sDch  a  country  as 
enmark,  where  the  population  is  94S  to  the  1,000  acres.  Thus  one-third  of  the 
cereal  area  of  England  ia  still  devoted  to  the  growth  of  wheats  while  Denmark  has 
but  3  per  cent,  so  occupied,  thereby  resembling  Scotland  or  Ireland,  where  some 
4  per  cent,  only  of  the  cnrn  is  wheat.  Similarly,  on  this  population  hasis,  Austria 
with  390  persons,  or  Switreriaud  wiih  311,  to  the  1,000  acres  may  be  not 
inappropriately  classed  with  Wales,  whpre  the  density  is  345.  In  particular  an 
examination  o'f  the  live  etock  maintained  bj  each  1,0(>0  acres  of  the  surfsce  in  all 
these  case's  affords  parallels  aod  contrasts  which  are  both  iatereatinj  and  instmc- 
tive.     (i'^r  table,  see  p.  63-5.) 

Thus  Wales  bears  eaaily  tbe  palm  as  r«raids  the  total  atack  of  sheep 
carried,  while  Ireland,  with  apopulationpracticulybearinga  similar  ratio  to  that  of 
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Beotland  to  lier  nrfice,  ban  more  than  three  times  u  dense  a  stock  of  c&ttle  and 
more  than  ei^ht  t'lauv  &t  raan;  pi|»,  although  not  much  more  tban  half  m  muij 
dieep  to  the  1,000  acres.  Al&ough  beaten  as  Totnrds  the  number  of  pigs  maintained 
on  a  given  are&  by  UenoiBrk  ud  l^  Hungary,  Iraland'scaltleanmore  than  twice  as 
nameniUB  relatival;  as  those  of  France,  where  the  popnlation  is  not  so  very  different 
in  proportion  to  the  soil. 


Pet  1,000  Aerosol  Total  Area                        1 
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Among  countries  where  the  areas  nre  atill  greater  in  proportion  to  the  readent 
population  it  msj  not  be  without  interest  to  group  b^uier — as  regards  their 
present  denut^ — persons,  cattle,  sheep,  and  awine. 


1,000  Acres  of  Total  Area 


New  South  Wales    . 
Kew  ZeSiland    . 
Victoria   . 

Doited  States  '. 

Sweden    . 

Bnstla  (ez  Poland)  . 

Such  figures  serve  to  emphasise  the  vast  dUTerence  between  the  flocks  main- 
tained in  our  Australsaian  colonies  and  the  other  countries  in  this  poap. 

The  animal  weslth  of  England  bj  herself,  oniitling  the  Celtic  fnngee  above 

; noted,  ma;  be  compared  with  a  nearer  competitor.  Belgium  has  S93  persons  to 
,000  acres,  England  925;  and  Belgium  has  196  head  of  c&ttle  and  160  head  of 
swine,  but  only  33  sheep,  on  an  average  area  of  this  size  in  her  little  kbgdom, 
against  144  cattle,  64  pigs,  and  as  many  as  48S  sheep  in  Eofcland,  Were  the 
comparison  to  be  made  more  closely  yet,  the  cattle  r.tock  of  Belgium  agrees 
closely  in  point  of  density  with,  say,  the  particular  division  of  our  area  com- 
priung  the  north-western  counties  of  EnglaudfWhicb  have  194  cattle  to  1,000  acres, 
or  considerably  more  than  the  grcfit  butler-exporiicg  country  of  Denmark,  and 
at  least  a  veryclo^e  approach  to  the  197  head  per  ],OOUaciea  which  are  to  be  found 
in  the  fat  pastures  of  the  Netherlands. 

These  limited  comparisons  on  single  points  of  agricultural  production  in 
single  countries  do  not,  I  know,  satisfy  the  demands  which  are  often  made 
for  world-wide  aurvuja  and  comparisons  on  a  larger  scale.  I  confess  I 
somewhat  distrust  the  strength  and  due  coherence  of  the  statistical  bricks  on 
which  these  heroic  conclusions  are  built  up.  It  is  most  usual  in  corn  trade 
journals,  and  the  practice  is  sometimes  followed  in  reriouB  debate  and  repro- 
duced in  the  year-books  of  the  United  St&tes  Oovemment,  to  give  a  yearly 
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picture  of  at  leut  the  world's  wheat  crop.  For  the  close  compariBon  of  one  wason 
with  another  much  must  depend  on  the  Buficiency  of  the  weakest  item  in  the 
account,  and  weakness  is  sure  to  creep  ia  somewhere  when  crops  are  estimated  on 

TSTjin^  BjBtems,  at  different  dates,  and  on  authorities  of  unequal  value.  The 
definitions  adopted  bj  one  caleulator  as  to  the  limits  of  the  'world'  vary  from 
those  of  another,  and  commercial  estimates,  as  they  are  called,  maj  be,  at  the 
diEcretion  of  the  computer,  substituted  for  or  adoplsdintheabsence  of  official  data, 
so  that  the  g-uesses  at  a  single  country's  harvert  may  diSer  mora  widely  from  each 
other  than  wouldaccoant  for  the  toUu  marf^in  between  one  jear's  aggregate  supply 
andanother,  to  the  confounding  of  satisfactory  coiiclusioas  as  to  what  is  reaU; 
happening.  -  Last  but  not  least  of  the  obstacles  to  uniform  groupinf;  of  harvests  iu 
complete  years — ending  as.  thece  years  do  at  different  periods — is  the  fact,  not  to 
be  overlooked,  that  wheat  harvests  are  being  gathered  somewhere  in  every  month  in 

One  is  driven  back  then  to  the  attempt  to  rest  opinions  on  the  growth  of  one 
form  of  culture  or  another  on  recorded  acreage,  rather  than  assumed  production. 
Yet  ev^n  here  a  good  illustration  of  the  difficulty  of  any  extensive  compilation 
nay  be  found  in  the  ^tentative  memorandum  Sir  Rjibert  Giffen  put  before  the  last 
Itiiyal  Commission  on  Agriculture  as  indicating',  with  many  necefsary  rBservalions 
and  qualifications,  the  relative  movetuents  of  grain  area,  live  stock,  and  population 
in  the  twenty  yents  before  1S93.  Briedy,  the  earlier  totals  brought  into  conjunction 
for  ihis  purpoHS  were  made  up,  as  regards  the  popiitation  figures  taken  to  represent 
the  starting-point  of  1873,  from  the  statistics  of  groups  of  countries  and  colonies  at 
dales  for  the  most  part  about  1871-3,  but  in  some  instances  rsngiofr  hack  to  1866 
and  on  to  1 88 1 ,  and  aggregating  30^,800,000  persons.  Against  these  were  set  a 
total  of  461 ,800,000  persons,  enumentted,  for  the  most  part,  about  1890-93,  but  in 
a  few  instances,  where  later  data  were  wanting,  going  back  to  1880-88,  the  growth 
of  population  between  the  totals  being  26  per  cent. 

The  acreage  about  1873  and  about  1893,  contrasted  with  these  figures,  included 
wheat,  rye,  barley,  and  oats,  but  not  maize — a  larger  crop  than  any  of  the  laat 
three.  The  countries  contrasted  were  limited  necessarily  by  thp  extent  of 
information,  and  the  list  did  not  include  all  of  which  the  population  was  accounted 
for,  the  increases  per  cent  being  28  per  cent,  in  the  case  of  oats,  19  per  cent,  in  the 
cose  of  wheat,  6  per  cent,  in  the  case  of  barley,  with  a  decrease  of  6  ^r  cent,  in 
rye.  It  should  oe  observed,  however,  that  the  calculation  as  to  the  incraaae  of 
wheat  would  have  been  much  clowr  to  that  of  population  had  not  a  very  large 
area,  nearly  stationary  iu  amount,  been  crediti^d  to  India  and  Japan  at  both  dat«E ; 
h  a     population   of  these  Atiatic  countries  being  disregarded  as,  generally 

p    ki  g  no II -wheat -eating'. 

I  was  only  as  an  outline  pointing  the  direction  in  which  enquiry  might  ba 
Sc  H   Sir  Ri>bett  Giffen  called  attention  to  these  figures,  which,  as  ne  acknow^ 

di^d  w  e  of  the  roughest  possible  description,  and  rather  suggestive  of  a  closer 
ni;  y  which  should  take  account  of  the  difference  between  the  consumptive 
p  w  he  countries  ag^rregated,  the  varying  productive  power  of  nominally 

equal  areas  of  surCuce,  and  the  varying  type  of  live  stock  maintained. 

If  the  wheal  acreage  table,  in  the  memorandum  referred  to,  is  examined  in 
detail,  a  very  eifective  picture  of  the  difficulty  of  exact  comparison  as  between 
nny  two  given  dates  la  incidentally  presented.  Out  of  twenty-four  countries 
enumerated  (including  Canada  and  Australasia  as  units)  a  twenty  or  twenty-ona 
,vears'  comparison  is  only  really  effected  in  five  cases — Russia,  the  United  States, 
France,  United  Kingdom,  ard  Australasia.  In  five  other  instances  the  period 
dealt  with  is  only  from  seventeen  to  eighteen  years;  in  three  other  cases  only 
fourteen  or  fifteen  years.  In  Canada,  Egypt,  and  Denmark,  the  comparison  will 
he  found  to  be  more  limited  ptill,  and  only  to  cover  eleven  or  twelve  years ;  while 
in  the  Argentine  Republic,  where  the  recent  expansion  of  wheat-growmg  has  been 
prominent,  the  available  statistics  allowed  only  of  s  comparison  of  two  periodo,  no 
more  than  nine  years  apart.  For  seven  other  countries  the  wheat  acreage  was 
necessarily  either  omitted  or  inserted  as  presumably  the  same  at  both  the  earlier 
and  the  later  date.    Had  the  retrospect  been  conSned  to  the  casei  where  a  twenty 
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or  tffBbtyonb  yeare'  comparison  wai  poaaible — and  theae,  after  all,  included  the. 
most  important  and  tjiucal  wheat^growiog  communitiat — the  increase  would  Iuta 

atood,  not  at  19,  but  at  24  per  cent.,  or  scarcely  belotr  that  of  the  growth  of 
population  D«nerall;.  This  result  ta  reached  without  taldDg  account  ofaDy  South 
American  figiireB,  where  the  increiise  of  area  in  relatively  inucb  greater,  or  of 
those  of  India,  wbere  the  compariMiQ  ia  difficult  and  the  acreage  growing  but 
alifj^htly.  But,  further,  it  is  to  be  temembared  that  if  the  eonparisun  of  tbe 
memorenduoi  were  to  be  coutiuued  up  to  1899,  initead  of  atoppiug  at  1883,  the 
figures  would  have  shown  that  wheat-growing  had  apparently  made  a  new  start 
ID  the  fire  important  countries  for  which  the  long  comparison  was  possible,  aa 
many  million  acrei  having  been  added  in  the  pe^t  six  year^  as  in  the  whole  pre- 
ceding twenty^  result  which  may  afford  much  occasion  for  suspending  our  bual 


^ince  the  above  calculations  were  be^re  the  Commisaion  there  has  been  an 
eztensioD  of  10,000,000  acres  in  tbe  official  estimates  of  wheat  areas  in  the  United 
SUtM,  and  6,400,000  acres  in  Huaaia,  while,  although  official  detaila  are  alill 
wanting  beyond  1896  for  Argentina,  nearly  3,000,000  acres  more  were  in  that 
year  accounted  for  in  that  repubUc;  and  there  ia  an  impression,  apparently  well 
founded,  that  by  the  present  time  the  total  may  have  reached  8,000,000  acres,  or 
nearly  five  million  acres  more  than  the  final  figure  in  Sir  Robert  Gifien's  calcula- 
tion. If  anything  like  S0,000,000  acres  have  thus  been  added  to  (he  wheat- 
growing  surFoce  of  the  globe  in  the  last  five  or  sis  years,  which  these  further 
figures  suggest,  even  if  no  correction  be  made  for  the  Indiau  quota,  there  may 
be  much  less  diBerence  than  waa  suggested  in  the  memorandum  between  the  growth 
of  population  and  wheat-growing. 

Without  attempting  in  any  way  to  controvert  what  was  one  of  the  leaaons  of  ' 
the  memorandum  I  have  bean  examiniug,  as  to  the  tenden^  to  increase  the 
numbers  of  cuttle  at  a  ratio  above  that  of  population,  it  has  also  to  be  remenihered 
that  the  apparent  37  per  cent,  increase  there  shown  between  187S  and.  1893  may 
have  to  bs  discounted  by  subsequent  deductions  in  the  United  States,  in  Aus- 
tralasia, and  at  the  Oape  in  recent  yean ;  while  it  is  one  of  tbe  problems  I  have 
nerer  vet  seen  satisfactorily  answered,  why  in  almost  all  old  countries  except  our 
own  the  diminntion  of  tbe  stock  of  sheep  seems  continuous  and  remarkable.  I 
mention  these  matters  only,  however,  to  suggest  the  amount  of  uncertainty  which 
muit  attend  the  effbrta  to  arrive  at  conclusions,  made  even  by  the  highest  authori- 
ties, on  the  only  data  which  exist.  If  there  is,  as  I  have  shown,  audi  uncertainty 
still  in  the  facts  on  which  a  conclusion  could  be  built  as  to  the  post  history  of  the 
relative  growthof  live  stock,  or  of  cereal  culture  and  the  supply  of  bread -stuSs, 
how  much  greater  must  the  difficulty  be  of  those  who  attempt,  on  the  basis  of 
•och  data,  to  forecast  the  course  of  events  for  a  generation  yet  toeome  I  I  confess 
I  am  not  intrepid  enough  to  follow  some  of  tba  conjectures  which  have  been 
haiarded  on  this  point,  and  can  ouITi  'u  concluding  this  address,  recur  once  more 
to  the  prime  qualifications  for  safe  statistical  deductions  with  which  I  opened 
my  remarks — redoubled  caution  in  bandlmg  calculations,  a  very  guarded  use  of 
data  giving  records  of  single  and  isolated  years,  and  a  wise  reservation  in  any 
prophetic  pictures  of  the  ^ture  of  agricultural  production,  whether  of  wheat  or 
cotton,  in  meat  or  in  wool,  of  the  contingency,  always  present,  of  altered  con- 
ditions which  ever  and  anon  in  the  past  have  altered  and  falsified  the  prediction* 
of  earlier  obaervers. 


The  following  Reports  and  Paper  were  read  i — 
1.  Report  on  Future  Dealvnga  in  Raw  Produce. — See  Reports,  p. '421. 


>  2.  Report  on  Slate  Monopolies  in  other  Counlriet. — See  B«porte,  p.  436. 
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3-  Population  and  Birth-rate,  vietoedfroni  tie  kittorieo-BlatiMicaittandpoifU, 
By  Mabcds  Rcbiit,  JHreetor  of  the  Xoyal  Danith  Bureau  of  Statittiea. 

Kt  is  well  known,  it  bu  become  more  common  thftn  fiirmei'l;  for  histori&oa  to 
•eek  the  help  of  ^tetUtics  to  support,  as  &r  as  mky  be,  with  observatbns  of  group*, 
thoM  (cattered  racorde  which  frequently  give  misleading  results.  A  not  on- 
important  part  of  the  investigationa  undertaken,  and  of  the  tracts,  £c.,  published  bj 
tbe  author  outjude  his  official  reportu,  hSiVe  been  concerned  with  hiatorico-fltatia- 
tical  inTestigations.  One  of  tha  earlieit  of  them — published  in  1883 — was  con- 
cerned with  the  question  of  the  number  of  the  inhabitants  of  Gopenbatren  in  the 
seventeenth  ceutur;,  an  inqnirj  based  on  the  records  of  baptiunt  in  tbe  church 
refcistets  for  that  century.  The  paper  offers  an  extension  of  the  discussions  of 
principle  to  which  thnt  tni^uirj  gave  rise. 

The  chief  question  to  be  answered  is  the  following:  Assumiogthat  the  number 
of  baptiams  at  some  period  in  the  psBt  can  be  ascertained  for  a  town  or  a  conntrj', 
how  can  its  population  be  deduced  fi^im  that  number  F  As  a  rule  tbe  registers 
ftive  information  only  of  baptisms,  not  of  still-births.  In  general,  at  anj  rate  in 
Denmark,  children  were  baptised  as  sOon  se  possible  after  birth,  so  that  the 
numbers  not  baptised  maj  rather  be  compared  with  tbe  still-bora  of  later  timea. 
Given  the  number  of  baptisms  at  some  period  in  the  pest,  this  number  must  first 
he  subjected  to  an  addition  before  it  can  be  compared  with  the  record  of  births  of 
recent  times  (living  births  and  still- births).  At  the  beginning  of  the  present  cen- 
tury the  still-births  were  some  8  per  cent,  of  those  bom  alive.  Thus  to  find  the 
number  of  births  of  the  earlier  times  at  least  8  per  cent,  must  be  added  to  tha 
number  of  baptisms.  Having  obtaioed  this  datum,  what  multiplier  will  yield  the 
*  total  of  the  pofulationP  This  is  dependent  on  whether  people  in  former  times 
married  earlier  than  now ;  further,  on  whether  marriages  were  more  fruitful ; 
and,  finally,  on  whether  the  number  of  illegitimate  births  was  greater. 

It  is  quite  clesj  that  il',  in  comparison  with  the  population,  more  children  were 
bom  in  preceding  centuries  than  nowadays,  the  multiplier  must  be  made  leea  than 
would  serve  now  to  deduce  population  from  Urths,  and  Dice  iwr«a.  Unfortunately, 
the  old  Danish  church  registers  contain  no  record  of  the  ages  at  marriage,  but  one 
may  assume  that  people  married  earlier  than  at  present,  becauM  such  a  course  was 
in  agreement  with  the  needs  and  wishes  of  the  time,  whether  connidered  from  the 
point  of  view  of  State,  of  L'burch,  or  of  pubhc  opinion. 

I  have  secured  information  on  this  point  from  the  records  of  a  census  of  Den- 
mark in  the  year  1787,  which  exist  in  the  Daniah  Statistical  Bureau,  but  have  not 
been  published  hitherto.  This  census  proves  the  following  both  for  town  and 
cotmtry : — In  former  times  the  well-to-do  and  independent  section  of  the  population 
married  earlier  than  now,  while  the  masses  married  lat«r.  This  is  a  conaequeiie« 
of  the  fact  that  the  labouring  elassea  were  not  then  free  as  now,  but  boarded  in 
their  master's  house,  and  for  this  and  other  cognate  reasons  were  obliged  to  delay 
marriage;  whereas  nowadays  they  need  not  wait;  indeed  they  often  find  advan- 
tage in  marrying  young.  The  more  well-to-do,  on  the  other  hand,  married  as 
eoon  as  they  could,  since  in  old  days  people  did  not  take  our  modem  views  in 
social  matters,  but  regarded  it  as  both  the  right  and  the  duty  of  men  (and  of 
women)  to  marry  as  soon  as  law  and  custom  made  it  possible.  But,  further,  not 
merely  did  all  marry  ss  soon  as  they  might,  but  they  married  as  often  as  might  be. 
I.e.,  there  were  fewer  widows  and  widowers  than  in  our  time,  since  none  who 
could  marry  remained  unmarried.  To  sum  up,  on  the  average  the  age  of  marriage 
was  higher  than  in  our  time,  because  the  masses  were  compelled  to  postpone 
marriage,  but  in  spite  of  this  the  number  of  marriagee  was  greater,  partly  because 
the  weD-to-do  married  earlier  than  now,  panly  because  the  masses  marri^,  almost 
without  exception,  as  soon  as  they  could,  and,  further,  partly  because  the  widowed 
remarried  in  far  greater  proportion  than  now.  The  statistical  proof  of  the  fact  ia 
given  in  the  paper,  where  it  is  also  shown  that  preciselv  the  opponte  happeu 
novradays  to  that  which  occurred  formerly.     Now  the  well-bMlo  tnany  late,  tlM 

Although,  on  the  average,  marriages  were  later  Uuu  now,  yet  the  nnmlwr 

■  See  Table  I.  oL- 
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of  children  to  a  marriage  wu  at  least  as  great  as  in  oqt  tune.  In  our  time  the 
fartilitj  of  marria^  is  determined,  partly  by  physical,  partly  by  social  causes. 
Formerly  the  fertility  of  naniage  was  as  great  as  nature  permitted,  just  as 
marriage  was  undertaken  as  freely  as  the  Uw  and  the  economic  deTelopment  of  the 
eommnni^  permitted,  not  as  nowadays,  when  people  remain  unmBrried  though 
not  restramed  by  the  fact  of  being  unable  to  afford  it.  In  spite  of  the  marriages 
taking  place  later  on  the  average,  the  fertility  of  marrioge  was  not  less  than  now. 
This  position  is  establislied  in  tbe  paper  by  means  of  atatistica. 
,  FinallT  comes  tlie  question  of  illegitimacy.    A  result  of  the  masses  bein^  com- 

Eslled  to  defer  wedlocif  to  a  later  af^  than  now  was  tbat  the  number  of  illegiUmate 
irths  was  greater  than  in  our  time.  This  cannot  be  proved  directly,  but  the 
paper  shows,  by  the  use  of  modern  autiatics,  how  the  number  of  iUegitimate 
children  increases  as  the  age  of  marriage  among  the  mBsees  increases.  I  am 
confident  tbat  the  rule  can  be  laid  down  for  Denmark  that  in  former  times,  both 
within  and  without  the  bonds  of  wedlock,  more  children  were  bom  relatively  to 
the  population  than  in  our  own  time.  The  tendency  towards  a  diminished  birlh- 
tate  which  can  be  shown  for  out  time  (and  is  demonstrated  in  the  paper)  did  not 
exist  of  old,  That  the  population  did  not  increase  was  due,  not  to  a  small  natality, 
but  to  a  great  moitaUty,  as  is  also  shown  in  the  paper. 

When  the  number  of  the  baptised  in  former  centaries  is  determined,  a  smaller 
factor  must  be  used  with  which  to  multiply  it,  in  order  to  deduce  the  population, 
than  would  ba  appropiiate  for  our  time.  If  the  number  of  baptisms  in  former 
times  be  multiplied  by  80,  the  numbers  of  the  population  will  probably  be 
determined  to  within  10  per  cent,  of  excess  or  defect. 

The  following  tables  Ulustrate  some  of  the  more  important  fitcts  to  which 
allnwon  is  made : — 


Tamlb  l.— Change  in  the  Satio  of  Civil  Qniditioiu  at  each  Age-group 
100  in  each  Ag^-group  and  for  each  of  the  Seie». 
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12-6                0-8 
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765              20-7 
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Tablb  II.— 

Change 

in  Number*  m  different  Ag^in-oupe. 

Of  everj  1,000  Hale* 

01  eiar;  1,000  Females           1 

Age. 
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1801 

1880 
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1787        1801 

1880 
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0-80 
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80 
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464 
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1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

FJtIDAr.  SEPTEMBER  7. 

The  following  Fapera  were  reid : — 

1.  Remdta  of  ExperimetUal  Work  in  Agriculture  in  Canada  underGovem- 
ment  Organisation.  By  Willia?!  Sadndkbs,  LL.D.,  Dirtetor  of 
Canadian  Experimenlal  Fanru. 

For  Rome  jean  prior  to  1884agTieuUure  in  CanidAwaa  in  a  depressed  condition, 
and  daring  that  yenr  ■  Select  Committee  was  appointed  b^  the  House  of  Commons 
to  iitc|uire  into  the  best  mean«  of  encouraging  and  developing  the  agricultaral  in- 
dustries of  Canada. 

From  the  inT^tifations  of  this  Committee  it  waa  shown  that  fanning  in 
Canada  was  at  that  time  in  a  very  defective  condition,  that  there  was  a  lack  of 
thorough  tillage,  that  no  sufficient  measures  were  talien  to  muntain  the  fertilitr 
of  the  soil,  that  there  was  e.  want  of  knowledge  in  regard  to  rotation  of  crops,  and 
of  the  selection  of  improved  varietiee  of  seed ;  that  laclc  of  information  eusted 
also  in  reference  to  manj  of  the  principles  underlpng  the  snecessfol  rearing  of 
stock,  the  manufacture  of  dairy  products,  iind  the  groiring  of  fruit. 

This  Committee  recommended  that  the  Qoremment  establish  an  Ezpenmental 
Farm  where  experiments  mutht  be  carried  on  in  connection  with  all  branches  of 
agriculture,  horticnlture,  and  arboricultuni,  and  that  the  results  of  these  experi- 
ments be  puUtshed  from  time  to  time  and  disseminated  &eelj  among  the  farmers 
of  the  Dominion. 

In  1886  an  Act  was  passed  hy  the  Parliament  of  Canada  authorising  the 
Qovemment  to  establish  a  Central  Experimental  Farm  and  four  Branch  Experi- 
mental Farms  in  different  parts  of  the  Dominion,  and  during  the  two  ;earB 
following  these  farms  were  established  and  set  in  operation. 

The  resulbi  of  twelve  years'  experience  have  shown  that  these  institutions  hare 
been  highly  beneficial  to  the  farming  community.  Experimental  research  haa 
been  carried  on  along  the  lines  prescribed  by  the  Act  by  which  these  &tdm  were 
establiahed,  and  much  information  has  been  accumulated  and  distributed  freely  to 
the  farmers  of  Canada  m  reports  and  bulletins.  Benefits  have  thus  been  con- 
ferred on  Canadian  farmers  in  connection  with  all  the  more  important  fhrm  crops, 
in  the  development  of  the  stock  and  dairy  indnatries,  in  the  production  of  fruits, 
in  the  growing  of  trees  for  shelter  and  timber,  and  in  the  advancement  of  other 
branches  of  arboriculture. 

Mnch  attention  has  been  given  to  experiments  relatinj;  to  the  mwntenanco  of 
the  fertili^  of  the  land,  to  the  best  methods  of  cultivating  the  soil,  to  a  proper 
rotation  of  crops,  to  the  best  time  for  sawing,  uul  the  selection  of  the  beat  and 
most  productive  varieties  for  seed. 

By  freely  spreading  the  information  gained,  supplemented  by  a  liberal  distri- 
^■-''~n  of  samples  of  the  best  and  most  productive  cereals,  crops  have  been  im- 


proved, and  the  attention  of  farmers  ^neraliy  awakened   t 

adopting  such  measures  as  will  result  m  increased  crops.  The  steady  advance* 
ment  which  has  taken  place  within  recent  years  in  Canada,  and  the  increasing 
prosperity  of  africultural  industriss,  may  in  large  measure  be  attributed  to  the 
useful  work  of  these  Experimental  Farms  established  and  maintained  by  the 
Oovemment  in  different  parts  of  Canada. 

2.  The  Economic  Poitibililieg  of  the  Growth  of  Sugar  Beet  in  England.  By 
A.  D.  Hall,  M.A.,  Principal  oj  the  South-Eatlem  Agricultural  Cot- 
lege,  Wye. 

The  sugar  beet  can  be  ^wn  successMly  in  the  south  and  ea«t  of  England ; 
the  yield  of  sugar  per  acre  is  equal,  if  not  superior,  to  the  yield  in  other  conntriesi 
where  the  industiy  is  conducted  on  a  laige  scale. 

The  economib  question  of  the  value  of  the  indnstiy  b  confused  bf  boanties  and 

Coogic 
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dntiefl ;  it  ia  tlierafoia  atetestxy  to  ascertain  the  possible  profit  of  the  crop  at  the 
price  of  Bugor  which  prevAile  in  the  open  British  m&rliet.  It  is  also  desirable  to  fiad 
the  value  of  the  crop  for  cotiBumptioD  on  the  farm,  pending  the  general  establish- 
ment of  factories  to  deal  with  the  roots  ^wn  in  each  district. 

In  1896  a  wrieB  of  trials  was  carried  out  on  farms  in  -various  parta  of  the 
country ;  the  BTSnge  yield  per  acre  was  IfiJ  tons  of  unwashed  roots.  This  figure 
is  probablj  too  hi^,  if  roots  with  a,  high  sugar  content  are  grown ;  in  the  same 
year  the  average  yield  of  six  German  estates,  where  an  intenave  system  of  cultiva- 
tjon  is  practised,  waa  only  10'7  tons  of  washed  roots  per  acre. 

In  1898  eix  different  kinds  of  sugar  beet  were  grown  upon  the  farm  of  the 
South-Eastem  Agricultural  College  at  Wye,  Kent,  the  crop  being  managed  in  the 
same  manner  as  the  adjacent  mangold  break ;  the  average  yi^d  per  acre  was 
14  tons  of  unwashed  roots,  as  against  29  tons  of  mangolds.  The  sugar  content 
was  highly  satisfactory,  the  season  being  one  of  prolonged  warmth:  it  is  calcu- 
lated that  about  1 J  ton  of  sugar  per  acre  could  have  been  extracted,  representing 
a  gross  return  of  18^.  lOa. 

In  several  respects  the  crop  is  more  expensive  to  grow  than  mai^UB ;  nanura 
and  cultivation  were  found  to  cost  10/.  8t.  per  acre,  to  which  rent,  supervision,  and 
all  incidental  charges  must  be  added. 

The  roots  grown  were  stored  with  the  mangolds  until  spring,  and  given, 
together  with  cake  and  com,  to  two  selected  lota  of  sheep,  with  the  general  result 
that  each  sheep  consumed  03  lb.  of  sugar  beet  per  week,  against  146  Ih.  of 
mangolds,  and  that  the  increase  in  live  weight  was  SOQ  per  ceut.  with  beat  and 
37'S  per  cent,  with  mangolds.  Recalculating  on  a  basis  of  acreage  required :  ten- 
elevenths  of  an  acre  of  sugar  beet  will  provide  the  same  amount  of  succulent  food  for 
sheep  as  an  acre  of  mangolds,  and  will  supply  38  sheep  for  12  weeks;  thesheepon 
mangolds  will,  however,  make  293  lb.  greater  increase  in  live  weight.  The 
experiment  showed  that  the  beet  forms  an  indifferent  fodder  for  sheep. 

Turning  to  the  geueral  question  of  the  return  to  the  farmer,  the  average  price 
paid  in  1898  in  the  six  selected  German  cases  mentioned  above  was  19t.  Sd,  per 
ton  for  roots  delivered  at  the  factory. 

Assuming  from  the  1698  experiments  an  average  English  production  of  14  tons 
of  dressed  roots  per  acre,  the  gross  return  to  the  former  at  the  above  price  would 
be  13^  13a.  The  coat  of  cartage  from  the  factory  to  the  farm  must  be  taken  into 
hccount :  it  is  estimated  that  the  3,000  acres  of  eui;ar  beet  which  Lawes  and 
Gilbert  specify  as  required  to  maintain  a  factory  would  mean  an  average  distance 
from  farm  to  factory  of  four  miles,  the  cartage  over  which  distance  would  cost 
about  80«.  per  acre  for  the  14-ton  crop.  When  this  is  added  to  the  cost  of 
cultivation  and  an  allowance  made  for  rent,  &e.,  there  is  no  margin  left  for  the 
farmer  from  the  gross  return  of  131. 13«.  per  acre  set  out  above. 

The  19«.  6d.  per  ton  for  rootfl  is  a  price  that  is  not  posMble  in  this  country,  the 
price  payable  for  the  raw  material  beiog  dependent  on  the  price  of  sugar.  Taking 
similar  grades  of  sugar,  the  return  received  by  the  German  manufacturer  was  in 
January  1900  13«.  per  cwt.,  while  the  price  in  England  was  lis.  Sd.  per  cwt. ; 
a  difference  of  35<.  per  ton  of  sugar.  As  7^  tons  of  beet  are  required  to  produce 
a  ton  of  sugar,  this  difference  in  the  price  of  the  finished  product  is  equivalent  to  a 
reduction  of  4s.  8d.  per  ton  in  the  pnce  payable  for  roots. 

The  English  figorea,  then,  become :  Average  yield  per  acre,  14  tons ;  price 
at  the  factory,  14t.  lOd.  per  ton ;  gross  return  to  the  farmer,  10^  Bi.  per  acre ; 
against  an  expenditure  which  has  been  set  at  llf.  18s.  per  acre,  without  iDcludiog 
rent. 

The  Bdccesa  of  the  sugar  beet  industry  depends  upon  several  factors : — 

fl)  Cheap  technical  skill  lathe  factories. 

(2)  A  farming  community  workiag  for  smaller  returns  than  prevul  in  Britain. 

(3)  A  ayetem  of  bounties  and  countervailing  duties. 

For  further  details  eee  the  Jounal  oi  the  South-Eastsrn  Agricultural  College, 
n,g  -ccT'GoOgIc 
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3.  Tlu  Xconamieal  Position  of  the  Agrieulhtral  Labourer  considered 
hietorieallt/.     By  Frajtk  F.  Walkkb,  B.Sc. 

1.  HistoricKl  iketch  of  tLe  chief  phsMS  in  tha  history  of  agricultural  labour, 
noting — 

The  Black  De&th,  some  of  its  results. 

The  depreciation  of  the  coinage  under  Henry  VIII,  and  its  effecta. 
Poor  relief  and  the  settlement  and  allowance  Gystema. 
Comjpetilion  the  fanner  has  now  to  maintain  (i.)  in  the  market  for  labour 
with  manu&cturing  operations,  and  (ii.)  in  the  produce  market  witb 
foreign  supplies  of  fooa. 

S.  Three  tables  derived  from  replies  to  a  form  of  queations  attached  to  the 
paper  and  sent  to  certain  farmers  of  ray  acquaintance.    These  show  ;— 

(a)  An  increase  io  the  amount  of  land  laid  down  to  permanent  pasture. 

(b)  An  increase  in  the  wages  paid  for  tha  several  kinds  of  piecework 

concomitant  with 

(c)  An  increase  in  the  weekly  wages  paid  for  all  kinds  of  agricultural 

labour. 

3.  Not«s  on  these  replies,  and  concluaion. 


4.  Trade  MucluatioTU.     By  John  B.  C.  Krbshaw,  F.S.S. 

The  author  stated  that  this  sul^ect  had  attracted  in  the  past  the  attention  of 
many  miods,  especially  in  times  of  commerdal  depression,  and  that  the  records  of 
the  Boyal  Sta^tical  Society  and  of  the  Economic  Section  of  the  British  Aeaocistion 
proved  that  the  members  of  tbeee  two  learned  bodies  had  not  ne)^lected  to  under- 
take their  share  in  this  investigation.  But  though  eome  of  the  keenest  minds  in 
the  realm  of  economic  science  had  attempted  to  discover  the  laws  which  govern 
trade  fluetuatJons,  these  phenomena  of  the  industrial  and  financial  world  were  still 
lai^y  unexplained. 

The  currency,  protection,  free  trade,  war,  famines,  labour  disputes,  trade 
unionisni,  radicu  governments,  and  sun-spots  bad  been  advanced  at  one  time  or 
another  as  chief  causes  of  the  periodic  depressions  from  which  British  trade  suffers. 
Each  of  these  explanations  bod,  however,  on  examination  proved  nnsatii&ctory 
and  insuffidentto  account  for  the  fluctuations  revealed  when  the  trade  figurae  over 
a  long  period  of  years  were  subjected  to  scrutiny  in  the  light  of  the  particular 
theory. 

daa  theory,  however,  hod  seemed  to  the  author  worthy  of  further  examinatian 
and  inquiry,  and  for  some  months  he  had  been  collecting  statistics  bearing  upon  it. 

The  theory  was  that  first  advanced  by  Sir  William  Herechel,  and  supported  in 
a  qualified  manner  at  a  later  date  by  Giffen,'  Jevona,"  and  Binna.^  Briefly 
summarised  it  was  as  follows: — 

Normal  trade  between  any  two  countries  when  reduced  to  its  ultimate  compo- 
nents was  seen  to  be  simply  an  exchange  between  the  commodities  which  they  ^o- 
duced.     The  countries  of  the  world  might  be  roughlj'  classified  as  those  in  which  Hie 

E reduce  is  chiefiy  that  of  the  soil,  or  in  which  it  is  chiefly  that  of  the  hand  and 
rain.  The  agriculturailabourer  and  the  skilled  mechanic  were  therefore  the  repre- 
sentative human  units  of  the  two  great  dlTiaions  of  employment,  and  all  commerce 
was  merely  the  exchange  or  barter  of  the  products  of  their  activities.  The  volume  of 
trade  must  consequently  be  dependent  upon  the  volume  of  crops  if  this  theory  of 
'e  correct;  and  a  series  of  bad  harvests,  using  that  term  to  cover  every 

'  Journal  SogeU  StatUtieal  Soeiety,  vol.  zlii.  p.  3S. 

*  C«rreney  and  Firuatee,  chap.  ix. 

•  Javmal  Manchatar  Phtlofofihieal  Sooiety,  Deoember  1S91 
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product  of  the  Boil,  mufit  tooner  or  later  have  their  effect  upon  tiie  trade  in  manu- 
Mctured  goods. 

The  trade  etatietics  dealt  with  related  to  the  valae  aud  volume  of  the  exports 
of  the  United  Eingdom  for  a  period  of  fortj-thrae  jfeara;  aai  BtaUstics  relating  to 
the  total  world  crops  of  cotton,  wheat,  imd  Bugar  had  been  songht,  with  only  par* 
tial  Buccees,  for  the  same  period. 

'  These  three  agricultural  products  were  selected  became  they  are  tfaoae  upon  the 
ample  provision  of  which  British  ioduBtrial  activity  and  prosperity  appeared  most 
largelv  to  depend.  The  period  1856-1898  was  selected  because  during  these  jearB 
Bntuh  export  trade  bad  eiperisDced  mostsevere  fluctuations,  and  also  because  the 
nearer  one  approached  to  the  end  uf  the  century,  the  more  reliable  aod  complete 
were  the  statistics  relating  to  trade  and  cropn. 

The  figures  collected  by  the  author  in  the  course  of  hia  inquiry,  with  full  infor- 
mation as  to  their  source,  were  given  in  an  appendix  to  the  paper ;  and  for  tfan  pur- 
■  of  comparison  they  had  been  thrown  into  diagrammauc  form,  which  was 
latributed  at  the  meeting. 

The  curve  Bhowiog  the  volume  of  our  export  trade  year  by  year  Bioce  1857  waa 
marked  by  dips  in  1800'(I2,  1873,  1876,  18tf5,  ia:.ll-93,  and  in  1897-08. 

The  curve  showing  the  volume  of  the  sugar  crop  of  the  world  was  marked  by 
dips  in  1861,  1864, 1868, 1872,  1876-77,  1880, 1886, 188a,  1896,  and  in  1898.      - 

The  curve  showing  the  volume  of  the  cotton  cropa  of  the  four  loading  producing 
countries  since  1870  waa  marked  by  dips  in  1872-73,  1877-70, 1882, 1884-85, 
1889, 1883,  and  in  1896. 

The  curve  showing  the  volume  of  the  wheat  ciope  of  the  world  since  1876  was 
marked  by  dips  in  1879, 1883,  1666, 1686-89,  and  in  1895-97. 

Finally  a  compounded  curve  showing  the  total  crops  of  cotton,  wheat,  and 
BUgar  since  1U76  waa  marked  by  dips  m  1879,  1836,  188S-89,  1883,  and  in 
1886-97. 

In  conclusion  the  author  claimed  that  the  theory  of  a  connection  between  trade 
finctuationa  and  agricultural  prosperity  found  support  in  the  figures  he  bad  pre- 
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mood  of  bankers  and  capitalists — bo  ably  discussed  by  Ur.  John  Mills  before  the 
Manchester  Philosophical  Society  in  1867 — being  one  of  these,  and  sudden  change 
in  foreign  tariffs  another.  But  the  cause  discussed  in  the  author's  paper  was  not 
leas  important,  and  when  fuller  statistics  relating  to  wheat  were  available  he 
hoped  to  continue  his  investigations.' 


SATURDAY,  SBPTSKBER  g 
d  not  meet. 


MONDAT,  SEPTEXBER  10. 
The  following  Papers  were  read : — 

1.  Muninpal  Trading.    By  Akthuh  Pbikstjcan. 

The  recent  action  of  the  London  Chamber  of  Commerce  and  the  Royal  Com- 
mission. 

The  commercial  world  does  not  object  when  the  trading  helps  them  in  their 
private  undertakings.  I'he  increase  and  extent  of  municipal  trading  in  U.S.A. 
ctnd  other  countries.  Sir  Henry  Fowler's  figures  and  the  Blue-hook  returns. 
Oomparison  with  capital  investod  in  co-operative  societies.     Reasons  urging  stdll 

■  Tbs  Paper  will  be  pubUshed  in  the  Jowmal  of  the  'British  Boooomlc 
AaAOoiatioD.' 
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fuTther  munidpal  enterprise :  (a)  health  and  bou^Df^ ;  (i)  milk  inpply ;  (e)  tele- 
phones; (d)  fire  inaiu'ftiicei  (e)  savings  banks;  (/)  drink;  (;)  combmations 
amonKat  tradera. 

MoDopolj  bj  combination  of  private  traders  in  compariaon  with  a  municipal 
monopol;.  '  Oeneral  user '  tbeorj.  Artificial  raising-  of  wa^  bj  muoidpal 
standard  rate  of  wages.  Can  a  citj  councillor  undertake  bo  man;  and  iocresBinK 
duties?  Fos^bility  of  reintTodu(^oii  of  cottage  industries  by  cheap  municipsi 
electric  power  supply.    Conrluelon. 


2.  Municipal  Building /or  the  Overcrowded.    By  Aobero:)  Hbrdert. 

We  can  supply  this  want  either  by  the  system  of  free  trade,  which  has  done  so 
much  for  us,  or  Dy  enlargii^  once  more  the  area  uf  compulsion.  The  real  question 
is  then ;  Is  compidsioa  a  good  or  a  bad  thing  ?  Undoubtedly  it  is  easy  and  con* 
venient :  but  does  it  not  tend  to  bring  serious  evils  with  it—disagreement,  care- 
less and  eipensiTB  management,  corruption  P  does  it  not  moke  children  of  ua, 
cpoiling  the  temper  of  compeller  and  compelled  P 

I^t  us  see  how  the  liuid  lies.  Looking  round  at  Europe  to-day  we  ae«-  a 
general  failure  of  highly  oigsnised  eyetems  of  compulsion.  Writers  of  different 
schools  complain   that   parliamentary  institutions  are   breaking  down.     Almost 


everywhere  minorities  are  in  revolt  against  majorities.  They  obstruct,  prevent 
discussion,  and  lock  the  machine.  Once  we  hoped  great  things  from  the  system  of 
majorities  and  minorities.     The  sting  was  to  be  extracted  from  human  diMgree- 


e  side  by  side  in  a  happy  family.  Unfortunately  n 
have  disCAvared  that  majorities  are  very  keen  to  pursue  their  own  particular 
interests;  that  to  be  in  a  minority' means  to  lose  all  control,  perhaps  for  many 
years,  over  one's  own  mind,  body,  and  property,  and  that  the  lugemous'  precept 
that  it  is  the  duty  of  minorities  to  turn  themselves  into  majorities,  and  so  to 
possess  the  promised  land,  is  rather  like  the  nursery  maxim— jam  yesterday,  jam 
to-morrow,  but  never  to-day. 

"Why  has  the  governing  machine  failed  P  Partly  because  men  are  not 
scrupulous  enough  to  possess  this  power  over  each  other,  and  spend  the  money 
of  others  on  their  owa  pet  projects ;  partly  because  the  game  of  politics  accustoms 
us  to  the  use  of  crooked  weapons;  partlj  because  compulcdon  destroys  competition 
and  disfavours  difference — '  Progreaa  is  difference,'  said  Spencer,  condensing  a 
whole  philosophy  of  life  into  that  short  sentence,  and  packing  enough  moral 
dynamite  into  it  to  upset  a  good  many  comfortable  armchaira— and  partly  because 
the  human  race,  keen  to  get  its  business  done  for  it  on  such  easy  terms,  and 
entirely  forgetting  the  narrow  limits  of  brain-power  in  these  daye  of  accumulated 
knowledge,  has  piled  such  a  monstrous  amount  of  work  on  the  governing  machines. 
The  consequence  ia  that  Oovernments,  overpowered  by  details  and  lost  m  s  flood  of 
useless  paper-work,  cannot  control  their  own  work ;  and  the  people  cannot  control 
their  Qovernments,  or  even  understand  what  is  done  in  their  name.  The  vastneae, 
the  multifarious  character,  the  ever^itending  range  of  what  in  undertaken,  render 
ignorance  compulsory  on  all  of  ua,  and  we  all,  representatives  and  repreaented,  go 
■tumbling  and  blundering  an  together,  attempting  to  do  the  impossible. 

Just  as  it  is  with  tfae  big  central  machine,  so  it  is  with  the  smaller  local 
machines.  The  same  ambition  to  undertake  everythiug  and  to  play  the  part  of 
earthly  Providence,  to  be  all-wise  and  all-directing ;  the  same  strife  between  parties, 
with  Uie  same  handing  over  of  the  minds,  the  bodies,  and  the  property  of  all  to  the 
victorious  section — are  producing  the  same  results.  What  a  chronicle  of  ex- 
travagance and  corruption  bos  met  our  eyee  in  many  dties  of  other  coimtries  I 
what  violent  partisanship  in  the  Paris  and  Vienna  of  the  present  hour!  what 
organised  illegality  in  New  York  I  what  desperate  remedies  in  the  suspensions  of 
the  risht  to  govern  themselves  in  the  cities  of  America  I 

What  is  the  remedy  F  Let  our  municipal  bodies  develop  a  volnntaryist  aide  to 
their  work,  bistead  <u  always  compeUing,  let  them  aometdmea  pertuade  na  to  help 
them  in  some  of  their  many  duties.    In  this  very  matter  let  them  appeal  to  na  to 
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form  building  companlea,  witb  stuns  plsced  at  a  low  amount,  bo  that  all  maj  join. 

We  cannot  go  on  for  stst  slipping  and  sliding  against  onr  will  into  Socialism ;  wa 
must  learn  to  meet  great  wsjits  in  better  fashion — the  fashion  of  men  who  are  not 
compelled.  Then  the  new  wanta  of  civilisation  will  prove  to  be  our  beat  educa* 
tore — devolopinr  energy  and  friendlinees,  and  the  power  Eo  work  together.  So 
long  as  we  satiuj  every  new  want  by  the  eaavand  Idle  methods  of  compulsion,  wa 
learn  nothing,  for  compalrion  laavea  all  iacultiea  undeTeloped  and  onlj  deepens 
the  causes  of  strife. 


3.  Jieeent  Changes  affecting  the  Legal  and  Financial  Position  of  Local 
Atithoritiei  in  England.     By  F.  W.  Hiaai,  B.A. 
Obaoges  in  our  Local  CFoTemment  'Law  may  be  produced  in  four  dUtinct 

1 .  Bj  Act  of  Parliament,  priratA  or  public. 

2.  Bj  decisions  of  the  Courts,  i.t.  changes  of  inl«ipretation. 
S.  Bj  orders  and  r^fulations, 

4.  Bj  byc'laws. 

With  resard  to  the  third  heading  it  may  be  pointed  out  that  tber^  arc  draw- 
backs as  well  as  advantages  in  connection  witii  the  central  cootrol  ei:erciseJ  by 
departments  like  the  Ltxel  Qoveniment  Board,  Home  Office,  and  Board  of  Trade 
over  the  Local  Authorities.  The  Byiitem  of  auditors  is  a  good  example  of  a  form 
of  adminiatrativa  control  which  is  wholly  adTsatageous.  But  otber  forma  of 
control  involve  administrative  law,  and  both  Parliament  and  the  Courta  are  justly 
jealous  of  interference  by  bureaucratic  boards  which  ut  in  London  with  the 
free  play  of  representative  local  councils.  In  the  case  of  Kreese  e.  Johnson,  the 
late  Lord  Chief  Justice  held  that  Justices  should  be  slow  ta  invalidate  a  bje-law 
made  by  a  local  representative  body.  On  the  other  hand  the  Fritate  Street 
Works  Act  of  1893  substitutes  Ma^^trates  for  the  Local  Government  Board  in 
appeals  against  apportionment. 

Perhaps  the  development  of  Local  Qovernmsnt  by  judicial  decisions  has  been 
most  marked  of  late  years  in  the  spheres  of  rating  and  drainage  law.  In  the  first, 
the  recent  caw  of  Cartwright  v.  Sculcoates  TJoion  de««rvas  particular  attention. 
It  follows,  I  think,  from  the  important  decision  of  the  House  of  Lords  in  that  cafe 
that  the  rent  of  a  tied  public-house  is  legally  worthless  as  evidence  of  its  rateable 
value,  and  that  evidence  of  the  business  actually  done  on  the  premises  not  only 
may  be,  but  ought,  in  such  cases,  to  be  obtained. 

Ab  regards  public  bill  legislation  there  is  no  more  interesting  study  than 
the  rules  by  which  Parliamentary  Committees  are,  or  ouf^ht  to  be,  guided  in  dealing 
with  applications  for  borough  extension.  This  is  a  suqiect  well  understood  and 
practised  by  Bradford,  which  is  also  a  pioneer  municipality  in  consolidating  rating 
areas  and  placing  the  levying  and  collection  of  rates  under  the  control  of  the 
Urban  Authority — a  reform, much  to  bo  desired  in  the  interests  of  good  govern- 
ment and  public  economy.  Another  kindred  subject  is  the  extension  of 
municipal  industry  by  Private  Acts.  Lastly,  it  may  be  well  to  pass  in  review 
some  of  the  more  important  measures  which  hare  been  placed  on  the  Statute-book 
during  the  last  ten  years,  including,  besides  those  alrmdy  mentioned,  the  Light 
Railways  Act  of  1897,  the  Highways  and  Locomotives  Amendment  Act  of  1896, 
the  Isolation  Hospitals  Act  of  1S98,  the  Parish  Councils  Act  of  1894,  the  Agricul- 
tural Rates  Act  of  1896,  and  the  London  Govemtuent  Act  of  1899. 


4.  The  Local  Incidence  of  Diaeaie  in  Bradford :  a  Companion  between  the 
Rate*  and  Caitaet  of  Mort^Uy  vn  Bradford  and  those  of  England 
generally.    By  A.  Babaguati,  M.D. 

The  period  dealt  vrith  is  from  1874,  when  a  Medical  OfScer  of  Health  was  ap- 
pointed m  Bradford,  to  1895.    The  woollen  industry  u  a  whole  not  unhealthy,  i&- 
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tbongh,  in  lome  detail*,  as  '  Kuun^ '  and  tba  large  unount  of  moiBtoie  preaent  in  the 
aiiiD  soma  of  the  dyeing  proMoaes,  it  might  be  improTed.  The  birth-rate  in  Bradford 
exeeedinglf  low.  Thia  largely  accouDU  for  a  low  death-rate  and  a  low  lymotjc 
death-rate.  Tha  Bradford  maniage-rate  ezceedioglj  low,  and  yet  infant  mortality 
yeej  high ;  an  tmaatiafactory  combioatioD.  Connection  between  the  state  of  trade 
and  the  marriage-rate.  Why  the  zymotic  death-rate  has  not  dimioisbed  in  the 
laat  ten  years,  fias  any  part  of  the  causes  of  zymotic  disease  been  ovar- 
loobedF  Why  has  influenza  come  apparently  to  EtayP  Increaae  in  cancer. 
Diminntion  in  consumption.  ComparisoD  of  mortality  in  Bradford  from  con- 
TulaLons,  diarrhoea,  and  the  respiratory  diseaaea,  with  that  of  England  generally. 
Qeneml  concluaona. 


TUESDAT.  SEPTEMBER  11. 
The  following  Papers  were  read : — 

1.  American  Currency  Dij^cidlita  in  the  Eighieenth  Cevivry. 
By  W.  CUHKINOHAM,  D.I>. 

To  many  Englishmen  it  is  a  matter  of  surprise  that  currency  (jnestiona  ahould 
be  such  pTODiiDent  political  isauea  in  the  TJniled  Statee  at  the  present  lime,  and 
it  ia  inetructive  to  remember  that  debates  about  the  circulating  medium  were  as 
common  there  in  the  ei^hteentb  century  as  they  are  to-day.  There  has  always 
been,  as  it  seeips,  a  conaidaTable  body  of  colooints  or  citizens  who  have  believed 
that  eidstin^  monetary  conditions  had  been  devised  in  the  interest  of  some  par- 
,  ticular  class,  and  that  it  was  right  and  fair  to  manipulate  the  currenc;  so  that  it 
should  be  more  favourable  to  th«  interests  of  their  own  class  or  district.  These 
efforts  have  generally  resulted  in  depreciation  of  some  kind. 

1.  The  American  Colonies  in  the  seventeenth  and  eiffhCeenth  centuries  had 
practically  no  coinage  of  their  own,  and  there  was  great  difficulty  in  maintaioing 
the  right  standard  of  weight  among  the  Spanish  ctnns  which  formed  the  ordinary 
currency.  The  clipping  and  sweating  of  the  coin  was  \'ery  common,  and  was  even 
connived  at  by  the  authorities.  In  178i!,  when  CoDgreciS  obtained  a  loan  tiova 
France,  it  seemed  absurd  to  let  tha  heav;^  coins  get  into  drenlatioD,  and  Mr. 
Timothy  Pickering  was  ordered,  much  against  his  will,  to  get  '  a  pair  of  good 
shears,  a  couple  of  punches,  and  a  leaden  anvil  *  for  the  work.  If  he  had  difScolty 
in  the  budness  he  was  referred  to  the  Paymaster. Qeneral  of  the  Forces,  who  was 
supposed  to  know  all  about  it. 

2.  There  have  of  course  been  various  examples  of  the  depreciation  of  the 
currency  by  the  over-issue  of  paper  in  Massachusetts  in  1740,  m  1779,  when  a 
suit  of  clothes  cost  /S.OOO  in  Continental  paper,  and  in  17tJ6,  when  attempta  to 
circulat«  the  bills  of  Maasacbusetts,  Rhode  Island,  and  New  Jersey  gare  rise  to 
much  trouble. 

3.  There  were  few  facilities  for  mining'  in  America,  and  thu  issue  of  debased 
coin  was  impracticable ;  but  the  separate  colonies,  both  on  the  mainland  and  the 
islands,  had  recourse  to  the  expedient  of  raising  the  rating  at  which  the  coins  in 
circulation  should  be  accepted,  bo  as  to  give  each  piece  of  money  a  greater  nomisal 
value,  and  temporarily  at  least  a  greater  purchasing  power.  This  can  apparently 
be  practised  with  success  in  a  country  where  business  is  practically  done  by  barter, 
or  with  commodity  money,  or  where  prices  are  the  subject  of  authoritative  assess- 
ment. All  these  conditiomi  were  largely  preaent  in  the  oolonias  in  the  seventeenth 
and  eighteeaCh  centuries.  The  object  of  a  colony  in  enhancing  the  coinaf[a  and 
thus  lowering  all  prices,  was  to  attract  silver  from  its  neighbours,  so  that  there 
might  be  more  currency  within  its  own  area,  and  some  relief  from  the  inconveni- 
ences  of  barter.  In  It{96  Pieces  of  Eight  were  suddenly  raised  in  Pennsylvania 
from  six  sbilUngs  to  pass  for  aeven  shillings  and  eightpence.  This  involved  a  loss 
of  nearly  30  per  pent,  on  the  tobacco  duty  when  the  cost  of  collection  was  defrayed. 
The  variations  were  frequent  and  considerable,  and  were  said  to  be  due  to  '  the 
contrivance  of  some  designing  man  in  those  countries  who  engnnB  it  wbn  at  tha 


TRANSACnONa   OF  SECTION  F.  '  847 

loweit,  and  eo  make  mercluitdiw  of  it  and  azport  it  into  foreign  ports.'  At  all 
events  it  gave  rise  to  a  sort  of  cnirency  war  Mtweea  the  coloniea,  eacli  tryinr  to 
draw  awaj  the  circulatdo);  medium  from  others  to  itself.  Thun  about  1740 
Virginia  was  attractiD|{  money  from  Maryland,  and  in  1798  the  West  Indian 
Islands  set  about  eBtabliBbing  what  Mr.  Chalmers  calls '  retaliatoiy  ratings '  agatost 
each  other  on  a  conmderable  scale- 
It  would  be  interesting  to  follow  oat  the  probable  reeults  of  this  method  of 
manipulating  the  currency ;  immediately  tbej  would  be  precisely  oppoNte  to  the 
consequences  of  debasing  ^e  issues  from  the  mint.  Debasiiig  the  comage  means 
a  rise  of  prices ;  enhancing  the  coin  is  a  lowering'  of  prices  all  round ;  it  does  not 
increase  the  quantity  of  money  in  circulation;  and  while  debosinff  the  currency 
renders  the  exchanges  unfuTourable,  the  object  of  enhancing  tbe  com  is  to  attract 
bullion  to  the  country.  In  so  far  as  quantities  of  bullion  were  secured,  there  would 
of  course  be  subeequeut  readjustments,  but  the  immediate  resulte  would  be  very 
different  irom  those  of  debasing  the  currency,  except  in  one  particular.  Both 
methods  of  manipulating'  the  carreucj  would  mean  that  creditors  must  accept 
smaller  quantities  of  silver  in  satisfaction  for  existing  debts. 

This  last  does  not  appear  to  have  been  tbe  motire  of  the  Ooremments  at  the 
time ;  they  seem  to  have  been  actuated  by  a  reasonable  desire  to  attract  currency 
or  prevent  a  drun  of  ccinage,  and  to  have  pursued  their  aim  by  a  method  of  very 
questionable  houestj,  but  well  calculated,  under  the  circumstances,  to  attain  the 
wisbed-for  result.  Tbe  conditions  under  which  'enhancing  the,  coinage'  can  be 
sncceesfully  practised  so  as  to  influence  internal  prices  are  unlikdy  to  recur  in  the 
business  communities  of  the  world;  and  there  is  little  motive  to  have  recourse  to 
it,  dnee  it  yields  no  immediate  gun  to  a  Qovemmeot ;  but  there  is  at  least  a 
scientific  interest  in  noting  how  this  method  of  manipulating  the  currency 
'ported  in  a  state  of  buiineaa  relations  with  which  many  of  us  ate  unfamiliar. 


2.  Some  Economic  Conaequewxa  of  ike  South  African  War.  By  L.  L.  Peicb. 

There  is  a  tendency  to  attach  an  unreal  importance  to  divisions  of  time  lilie 
those  parting  one  century  from  another ;  but  the  end  of  the  nineteenth  century  is 
accompaiiied  by  a  aeriee  of  remarkable  events.  At  tbe  be^ning  of  the  century 
England  was  engaged  in  the  Great  War  with  Napoleon,  which,  in  addition  to 
direct  inflnence  on  the  flnances  of  tbe  country,  postponed  the  prioress  of  fiscal 
reform,  caused  the  suspension  of  cash  payments,  asaiBted  the  alarming  growth  of 
pauperism,  ag^avated  the  evils  of  tbe  early  Factory  System,  and  was  followed  by 
prolonged  depression.  The  South  African  War,  witb  which  we  have  been  occu- 
pied at  the  close  of  tbe  century,  is  not,  so  far  as  its  direct  financial  consequences 
are  concerned,  an  economic  event  of  the  same  magnitude.  War  is  indeed  more 
costly  now,  but  the  duration  of  tbe  war  with  tbe  Boers  will  bwr  no  comparison 
with  the  twenty  years  of  the  Napoleonic  contest.  It  may  occasion  a  considerable 
permanent  increase  in  militair  expenditure ;  but  the  sums  involved  in  the  two  cases, 
taken  absolutely,  are  very  dinerent,  and,  measured  by  the  material  resources  of  the 
nation,  the  earlier  figure  was  enormou*,  while  the  later  is  triGin^.  The  increased 
military  expenditure  msy  be  accounted,  on  a  strict  interpretation  of  the  term, 
'  unproductive,'  and  the  growing  pressure  of  foreign  competition  in  our  own  manu- 
factures and  trade,  coupled  witb  the  increasing  cost  of  oWining  the  coal  which  is 
still  tbe  source  of  much  motive  power,  and  the  large  additions  made  to  local  and 
municipal  indebtedness,  may  render  it  desirable  to  husband  resources  and  avoid 
augmentation  of  the  National  Debt.  The  Transvaal,  however,  will  bear  part  of  the 
direct  expenditure  of  the  vrar,  and.  even  when  the  indirect  burden  is  brouglit  into 
the  account,  the  total  weight  may  be  described  as  inappreciable,  contrasted  with 
the  Ktrain  imposed  by  the  Great  War.  But  some  of  tbe  possible  economic  effects 
of  the  later  contest  deserve  attention ;  for  it  has  been  a  disturbiag  factor,  which 
may  supply  the  force  needed  to  move  the  currents  of  action  from  a  groove  in  which 
they  had  settled.  Passing  by  some  obvious  immediate  consequencea  to  the  laboui 
market  and  to  trade,  three  points  demand  especial  notice. 

(1}  In  the  fii«t  place,  the  influence  of  an  incieaaed  output  {tarn  tlw  ndiiei  of 
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the  Band  shoulil  be  seen  in  &  rise  of  gold  price*.  This  is  difficnlt  to  bring  to 
qaantitiitiTe  meuunj,  and  prediction  may  prove  deceptive.  Sir  Robert  Qiffen 
foretold,  in  1894,  that  the  fall  of  gold  prioea  was  ended ;  but  in  1897  he  confeaaed 
that  bia  expectations  ware  not  yet  realised.  B;  tba  present  time,  howsTer,  thft 
evideace  of  index-numbers,  such  ss  that  of  Hr.  Saaerback,  seeina  to  show  a  riaa 
beyond  any  moTement  due  to  credit,  in  spite  of  the  temporary  cessation  of  snppLiea 
from  the  'lYansTaiLl.  But  past  experience  enjoins  caution  in  any  estimate.  The 
percentage  of  increase  in  the  output  is  at  present  much  leas  than  it  was  at  the 
Australian  and  Colifornian  discoTeries  in  the  middle  of  the  century.  Predictions 
mode  at  that  timq,  even  by  &  competent  scientific  obwirer  like  JeFona,  were  dis- 
appointed; and,  although  the  'compensatory  action'  of  the  bimetallic  mint  at 
Paris,  which  then  acted  as  a  '  paraehuta '  to  break  the  fall  in  the  value  of  gold,  is 
now  absent,  yet  the  normal  counteracting  causes,  such  as  the  increased  nw  of  the 
metal  in  the  currencies  of  the  world  (apart  from  any  Bpecial  new  demanda),  the 
great  growth  of  trade  and  industry,  and  the  inBuenca  of  credit,  have  become  mare 
poweiful.  A  rise  of  gold  prices  may  be  expected ;  but  it  is  impossible  to  Sx  the 
point  which  it  will  reach.  Its  consequences  will  be  beneficial,  and  may  assist  in 
solving  unsettled  monetary  questions. 

(2)  The  aid  rendered  by  the  colonies  to  the  mother  country  in  the  war  is 
likely,  in  the  second  place,  to  increase  the  momentum  behind  the  conception  of  an 
Imperial  Zollverein.  There  ere  special  diffieulties  attending  a  Customs  Union  of 
the  British  Empise,  ariainf  from  the  separate  utuation  of  its  component  part^ 
which  have  not  presented  themselves  in  the  cose  of  Qermauy  or  the  Imted  States. 
These  difficulties  may,  or  may  not,  be  eventually  overcome;  but  some  general  eot^ 
siderations,  apposite  to  the  question,  may  be  submitted  to  a  sdeotific  gathering 
like  the  Bntish  Atsodation.  Such  a  Customs  Union,  while  it  may  conceivably 
result  in  on  increase  of  internal  free  trade  within  the  limits  of  the  Empire,  muet, 
io  all  likelihood,  involve  some  difierential  treatment  of  foreign  goods,  ft  must,  bo 
far,  infringe  (he  principles  of  Free  Trade  strictly  interpreted.  Recent  theoretical 
discussion,  especially  ot  the  inddence  of  taxation,  has  weakened  some  aivomenta 
for  Free  Trade,  but  the  practical  difficulty  of  limiting  your  action  to  what  you 
really  intend,  and  the  great  advantage  of  an  attitude  of  neutrality  on  the  part  of 
GoTemment  in  matters  of  trade,  have  not  been  diminished  by  recent  experience. 
Yet  an  economic  sacrifice  may  be  incurred  to  secure  a  political  end,  or  a  temporary 
loss  may  be  risked  in  the  hope  of  an  ultimate  gain.  The  economist  will  mge  that 
the  step  should  be  uken  knowingly,  and  that  its  consequences  should  he  seen  and 
realised.  On  thia  ground  the  more  obvious  and  open  action  of  bounties  is  to  be 
preferred  lo  tba  obscure  indirect  influence  of  import  duties.  Lastly,  the  economist, 
while  noting  the  crude  fallaciouanesa  of  not  a  little  reasouing,  may  admit  the 
weight  of  some  arguments  employed  ajj^oiust  Free  Trade,  He  may  reach  the  con- 
clusion that  the  matter  must  be  decided  maiidy  on  practical  grounds,  and  that 
theory  ends  with  opening  men's  eyes  to  the  result*  of  their  action.  A  iron 
poitumus  attitude  towards  a  Customs  Union  is  no  longer  possible. 

(3)  A  third  and  last  consequence  oi  the  South  African  War,  which  must  be 
brieHy  noted,  is  its  elTect  on  Socialism.  The  unity  of  classes  at  home,  which  has 
resulted  from  common  interest,  is  not  favourable  to  class  dissension.  The  increased 


military  expenditure  is  calculated  to  prevent  or  delay  the  execution  of  costiy  social 
experiments,  altiiough  Chancellors  of  the  Exchequer,  seeking  to  broaden  the  basea 
of  revenue,  may  possibly,  if  improbably,  give  efiect  to  some  socialistic  aspiratioiis 
of  mulcting  '  noeamed  increments.'  \  et  it  may  be  a  sound  instinct  which  draws 
a  distinction  between  socanlism  and  militarism. 

Finally,  it  may  be  remarked  that  the  consequences  of  the  war  thus  noted  are 
certainly  not  unimpoctant,  if  they  may  seem  problematic. 


3.  Colonial  GovemmenU  aa  Honey-lenders. 
.By  Hon.  W.  P.  Rkkvrb. 
For  many  years  high  rates  of  interest  have  been  almost  aa  much  e 
by  formers  and  grasieta  ir  * — "— '"  "■ '  " —  ■/— i— j  -- :-  ^u-  «'— 
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America.  Fort;  Tens  uo  16  per  cent,  wu  conunonlf  pud  in  the  year  in  interast 
and  commiuioiis  b;  this  class  of  borrowers.  By  1693  tnis  had  fallen  to  from  9  to 
8^  per  cent.,  but  the  prices  of  produce  had  fallen  in  proportion.  In  the  yean 
1894-06,  the  Qavemments  of  fonr  colanies — New  Zealand,  South  Auatralia,  Weatem 
Atutralia,  and  Victoria — established  monev-lendiDB;  departments  for  maldq;;  ad- 
Tancea  on  mortgage  to  the  smaller  class  of  farmers.  In  tbis  way  over  ifiOOflOOL  has 
already  been  lent  out.  Details  are  given  in  thepaperof3,600,000/.,of  which  about 
2,200,000/.  has  been  lent  in  New  Zealand,  790,000/.  in  Victoria,  630,000/.  in  South 
Australia,  and  100,000/.  in  Western  Auatralia.  About  460,000/.  hat  already  bwn 
repaid.  The  New  Zealand  Government  raises  its  loan  capital  by  iaeoing  stock  in 
London;  the  others  by  selling  mortgage  bonds  from  time  to  time  locally.  In 
Victoria,  this  capital  has  been  obtained  at  3  per  cent,  (from  the  State  Savings 
Bank) ;  in  New  2^and  it  has  cost  3^  per  cent.,  and  in  South  Australia  3^  per 
cent.  The  rates  charged  to  farmers  are  in  New  Zealand  6  per  cent. ;  in  the 
Australian  colonies  ^  per  cent.  The  fees  charged  by  all  Uie  State  landing 
offices  are  very  low—lowest  of  all  in  South  Australia.  The  management  expenses, 
are,  however,  small  also,  and  the  lending  would  seem  at  present  to  hare  been  doce 
prudently.  At  any  rate,  balance-sheets  to  the  end  of  June  1899  and  March  1900 
show  no  losses,  while  of  arrears  of  interest  there  were  none  in  T^ew  Zealand,  and  bnt 
a  few  hundreds  in  Australia.  The  lendin^^  is  done  by  way  of  first  mortgage  on 
freehold,  or  on  leasehold  held  from  the  Crown.  The  loans  are  devoted  to  improving 
settlers'  holdlnge,  or  to  payinfi;  off  existiag  mortgages  bearing  a  higher  rate  or 
interest.  In  Weetem  Australia  they  are  restricted  to  the  former  purpose ;  rise- 
where  more  than  half  the  monejr  is  applied  to  the  latter.  The  highest  sum  which 
may  be  lent  to  one  borrower  is  3,000/.  The  proportion  of  loan  to  security 
must  not  exceed  60  per  cent,  of  a  freehold,  or  half  the  selling  value  in  case 
of  a  lease.  An  intareatiug  feature  is  the  system  of  repayment  of  loans  by 
instalment.  Under  this  the  borrower  pays  3  or  7  per  cant.  aouuaUy,  of  which  4} 
or  S  represents  interest,  and  the  remainder  goes  to  form  a  inking  fund  to 
estingnuh  the  debt.  In  New  Zealand  every  loan  must  thus  be  repaid  by 
seventy-three  half-yearly  instalmenta.  The  mortgagee  may,  however,  hasten 
the  process  by  depoaitii^  additional  sums  or  payinr  off  the  whole  principal 
whenever  he  chooses.  In  1899  the  Qovernmeut  of  New  South  Wales  followed 
tbe  example  of  the  nMghbour  colonies  and  passed  an  Advances  to  Settlers  Act. 

As  an  example  of  the  effect  of  these  Acts  in  reducing  rates  of  interest,  it  may 
be  remarked  that  in  1894  almost  two-thirds  of  the  monej  of  regiatered  mortgage* 
in  New  Zealand  bore  from  OJ  per  cent,  upwards.  In  1808  six-sevenths  of  the  mort- 
gage money  was  yielding  less  than  6J  per  cent. 


4.  Variationg  of  Wages  in  some  Co-jmrtnership  Worktliopt,  v>Uh  aonu 
Compariatms  with  Non-Co-operatiw  Industries.  By  Robkkt  Halstkao, 
Secretary  <ff  the  Lancashire  and  Yorkshire  Centre  of  Uie  Laiotir 
Association. 

The  difficulty  of  securing  suitable  data  for  the  purpose  of  the  paper  was  con- 
eiderable,  owing  to  the  fact  that  the  kind  of  information  rei^uired  was  very  local  and 
very  special.  The  officials  of  thirty-four  co-operative  productive  societies  furnished 
information  reepecting  4,012  co-operative  workers  with  a  total  wage  of  209,621/. 
for  the  year  1899.  Fourteen  sodeties  sent  replies,  tJie  total  wages  of  which 
amounted  for  that  year  to  122,313/.  The  average  increase  of  wages  in  these 
co-partnership  workshops  since  169 1  was  0  per  cent.  Means  for  comparison  with 
non-co-opemtive  wages  are  available  for  1899  only,  which  shows  a  result  in  favour 
of  ccHoperation  of  7  per  cent.  Co-operative  workers  also  have  two  hoars  a  week 
less  than  non-co-operative  workers.  The  figures  also  reveal  that  a  large  number  of 
CO-partnershia  workers  were  connected  with  their  own  trade  unions.  Particulars 
wore  Bupplied  by  ten  societies,  in  which24fl  workers  were  concerned,  and  in  which 
loot  year  the  total  wages  were  9,486/.  These  showed  that  the  workers  had  wagea 
in  ezcea  of  notHW-operative  ones  in  the  same  trade  and  district  1^  11  per  cenLi 
1900.  ;(^^,|e 
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Md  that  tlie;  worked  one  uid  a  heLf  hoiiT  a  week  leu.  Horeover,  tlie  loyalty  of 
tbcM  worken  to  trade  uoioiunD  wu  shown  bj  »  high  percenUgo  of  them  beiog 
memben  of  llieir  own  trade  and  dutrict  hraDchea. 

i^Te  co^putnenhip  Boaotiaa  with  a  tntal  Dumber  of  workers  of  501,  and  wagsi 
for  1808  of  23,&67/.,  ehow  an  average  iDcrease  in  wages  of  17  per  cent,  sincfl 
1891;  but  there  ia  no  meaaa  of  comparing  thia  with  the  wage*  of  non'«o-opentiTa 
workera. 

With  ragsrd  to  the  fire  remainipg  eocietiea  little  more  can  be  said  than  that 
thej  paid  mon  than  etandard  or  trade  union  rate  of  wages  in  addition  to  a  abare 
of  the  profit,  and  that  in  wime  casaa  they  worked  fewer  botira  than  non-c(M)pentiv« 

The  ntuma  alao  ahow  that  in  nineteen  cases  concerned  there  waa  an  averaga 
increaaa  of  11  par  cent,  from  1881  to  1899,  and  that  in  fourteen  cases  diere  waa 
an  average  differeflce  in  &Tour  of  cooperative  as  againat  non-cooperative  wagM  of 
9  per  cent. 

This  result  in  favonr  of  co-ooeration  is  argued  to  be  due  partly  to  Ibe  eoureea 
from  which  the  facta  are  obtainea,  but  muni;  to  the  high  relative  efficiency  of  co- 
partnerahip  industries.  The  causes  of  this  efflciencj  ate  held  to  reside  in  the  fact 
that  co-partneiahip  brings  the  workers  to  more  points  of  contact  with  the  profit- 
making  aspect  of  an  industry  than  ordinary  forma  of  production.  Workers  in 
co-partnerahip  concerns  have  a  speoal  incentive  to  obtain  higher  wages,  because 
they  share  in  profits  in  proportion  to  their  wages,  thus  absorbing  as  much  as 
possible'  of  the  results  of  the  extra  effidency  due  to  their  spenal  form  of 
entarptue.  The  tsige  proportion  of  the  worker  being  trade  unianist  is  held  to 
increase  in  force,  inducuig  co-partnership  societies  to  take  the  lead  in  the  matter 


B.  Labmir  Legulation  for  Women.     By  Mahgaret  E.  MacDoitaux 

Certain  fundamental  differences  between  men  and  women  engaged  in  indnattT' 
affect  the  question  of  l^al  regulation. 

(a)  Fby^cal  differances,  e.g.,  young  mothers  need  apedal  protection  troat  nn- 
healtby  conditions. 

(i)  Differences  in  economic  jMuition.  Even  those  women  who  do  not  many  an 
influenced  by  the  fact  that  marriage  ia  an  event  which  revolutionises  the  economic 
condition  and  the  industrial  outlook  of  the  great  majority  of  women,  Aa  th« 
result,  women  have  a  lower  standard  of  pay  and  work  tban  men.  Id  a  large  yro- 
nortion  of  cases  the;  only  need  their  wages  as  pocket  money,  or  at  most  only  to 
Keep  themselTes,  and  where  they  are  the  breadwinners  of  the  family  they  an 
nsoally  overburdened  with  household  cares  and  unable  to  stand  out  for  better  con- 
ditions. They  are  comparatively  unorganised,  e.^.,  only  116,016  women  are  re- 
turned as  members  of  trade  unions,  and  of  these  llJ0,470  are  in  the  textile  trades. 
Thev  are  lees  ready  to  complain  tlian  men ;  e.g.,  in  the  Post  Office  women  only  get 
halt,  or  less  than  half,  as  much  pay  as  men  for  the  same  amonnt  and  quality  of 
work ;  yet  the  Tweedmnuth  Commission,  while  devoting  gnat  atteotbn  to  the 
grievances  of  the  men,  made  no  recommendations  with  regud  to  women,  naively 
explaining  that  'there  is  a  general  absence  of  complaint  from  them.' 

The  comparatively  low  standard  of  women's  work  and  pay  has  on  injurions 
effect  upon  men's  labour  wherever  it  comes  iuto  competiuon  with  it ;  e.g.,  the 
introduction  of  light  mnchinery  is  constantly  made  the  excuse  for  subetituting 
women  for  men  workers  at  Inwer  rates.  By  setting  a  legal  standard  the  State 
C0Dipen!-ati;s  to  some  extent  for  the  lack  oJ  organisation  and  of  a  high  stsndatd 
amongst  the  women. 

We  liave  experience  of  labour  legislation  for  women  in  certain  classes  of  em- 
ployment from  1642  onwards.  By  cumparing  the  conditions  of  workers  in  these 
trades  before  and  after  regulation,  and  also  comparing  their  conditions  at  the 
present  time  in  regulated  and  unregulated  trades,  we  find  tiiat  in  regulated  txadat 
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(1)  SuiitftrV  coDditioDs  have  impioTed  relatively. 
(3)  Wagea  hnve  risen  relativelj. 

fS)  Tbe  niunber  of  'women  employed  have  increued  relsitiTely. 
1)  Orgamaation  amongst  the  worken  is  mora  general. 

This  atndr  encoura^  the  further  exteiuion  of  le^I  regulatioa.    tn  diicusang 
the  details  of  &esh  legislation  the  following  points  are  to  he  considered: — 

(1)  Claasea  of  workers  at  preKnt  unr^dlated,  or  verr  putiallr  lej^ated, 

t-jf;  home-workers,  shop^uietaiite,  lanndiy  worKers,  clerks,  Ac' 
(^  Matters  for  legislation— e.;.,  hours  of  work,  sanitation,  dangerous  pro- 

cessea,  wa^. 
(3)  Administntion,  central  t.  local  authorities,  women  inspectors. 
""  Codification  of  preaent  law,  accc  '  '  '      ''" 

q)ecial  requirements  of  special  ti 


6.  The  Trealmant  of  the  Tramp  and  the  Loqfh: 
By  WlLLtAU  Habbdtt  Davsoit. 
Ko  time  can  be  more  fitting  than  the  preaent  for  fllliog  up  an  importUt  gtA 
in  our  penal  system  and  for  introducing  a  reform  which  became  a  lof^ou  aaA  aodu 
necessity  when  tbe  Poor  Law  was  placed  on  its  exisdi^  baals.  The  time  W 
come  for  tnnaferrinff  the  hatntnal  ragrant  and  tbe  lo^er  generally  boat  th« 
province  of  the  Poor  Law  to  that  of  the  Penal  Law.  To  theformet  they  do  not 
In  any  sense  belong.  The  bilnre  of  centuriee  of  reformers  ahd  legislatnres  t« 
make  the  aU^-btest  impression  upon  the  tramp  populadon  is  largely  due  to  tb* 
pwniatent  mistake  of  treating  his  case  as  coming  under  the  law  of  puUic  cbari^. 
What  sodety  is  bound  to  do,  as  fiu  as  posmbte,  is  to  exterminate  tbe  sodal 
pataaite  of  every  kind.  His  existence  is  a  positive  injury  to  the  State  in  evoy 
way.  He  robs  the  State  not  onlv  of  the  industry  which  he  owes  it,  bat  be 
cOBHUMa  the  produce  of  other  people's  labour  and  renders  it  nngatorv,  abstracting 
from  tbe  wealth  of  society  without  adding  to  it.  His  example  acaadalisea  boiMit 
workers;  be  la  a  stAnding  menace  to  public  peace  and  aafe^;  and  for  sodety  Is 
tolerate  bim  is  not  merely  to  condone  injury  done  Xa  itself  but  absolutelT  to  place  k 
premium  upon  social  treason  of  tbe  moat  insidious  and  moatvidous  nnd.  Think 
what  we  do  for  the  profesaional  idlers  I  Take  the  urban  loafsr.  While  bonest 
men  are  workioK  we  give  him  the  free  run  of  our  tboroagh&ies  and  aet  i^art  tat 
bim  tbe  beet^ofonr  street  comers.  Should  he  be  a  vagrant  loafv  we  nuke  it 
poaaible  for  him  to  travel  through  EDgland  from  the  Tweed  to  tbe  Channel  witb* 
out  doing  one  honr's  serious  work,  save  for  tbe  labour  testa  iriiich  an  imposed  by 
some — and  only  some — of  the  workhotises  at  which  he  may  call.  Who  should 
wonder  that  our  pest  indulgent  tieatment  of  the  vagrant  has  had  the  effect  of 
perpetuating  and  mnltiplying  this  class  of  social  parasite  F  The  dictum  of  visa 
Sir  Alattbew  Hale  is  still  irrefutably  true ;  '  A  man  that  has  been  bred  up  in  the 
trade  of  begging  will  never,  unless  compelled,  fall  to  industry.'  But  that  is  not 
the  whole  of  the  truth.  Every  6ne  of  these  men  creates  imitators.  On  the 
highways  he  is  a  walking  advertisement  of  the  advantages  of  idleness,  Vhilc  in 
the  model  lodging-house,  or  wherever  else  the  workhoose-sbonning  tramp  seeks 
nightl;^  shelter,  he  acts  the  part  of  recruiting  sergeant  for  the  great  army  of  sloth 
and  vice.  What  we  should  do,  and  shall  have  to  do  sooner  or  later,  is 
to  collect  the  tramps  from  the  four  winds  of  heaven  and  try  to  diadplina  the 
idlenees  out  of  their  natures.  For  it  is  not,  in  the  main  at  any  rate,  a  dangeroua 
criminal  class  with  whidi  we  have  here  to  do,  but  for  the  most  part  the  vreak  and 
aimlees  characters  whose  great  need  is  the  moral  tonic  of  diacipUne  and  comwl- 
sion.  No  faith  should  be  placed  in  any  cobbling  of  tbe  exietiog  Poor  Law.  no 
doubt  a  good  deal  more  could  be  done  to  disoounge  vagrancy  if  the  sep«ral«  ceD 
nstmn  were  made  nnrrersal,  and  if  taskwork  were  raticmally  imposed ;  m  a  word* 
if  the  regime  of  tbe  caaoal  vrazd  were  made  sufficiently  rigorous  to  be  deterrentj  ud 
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if  iuch  rigorotu  teHoo  were  made  unifbim  throughout  the  conntrr  i  ■^''^  finaU;  if 
nu^patnUs  mon  cooaiiteiitlj  enforced  the  laws  agaiiiat  b^fring,  Bleeiang  ant,  tni 
■imilu  tramp  oHmicm.  But  this  iroold  only  be  a  tempOTarj  makeihift,  and  ths 
troe  nmedf  is  to  hand  tb««e  paraMtM  over  to  the  PeiuQ  Law.  In  the  firat  plic«, 
TagTaiiC7  uid  loafing  generallj  ahould  be  made  indictable  offences.  The  right  of 
free  migration  in  the  case  of  the  destitute  should  be  restricted  to  the  extent  of 
making  it  dependent  on  police  permission  t«  travel  in  search  of  work,  aft»  ths 
principle  of  the  police  pedlar's  Ucence.  But,  further,  the  casual  ward  miut  be 
abolished.  This  might  seem  a  strong  measure,  but  it  is  reall;  the  fulcrum  on 
which  the  lever  of  reformation  must  rest.  If  loafing  is  to  be  regarded  as  an 
offence  to  be  punished,  instead  of  an  innocent  weakness  to  be  humoured,  the 
loafer's  free  lodging-house  must  disap|>ear.  The  casual  ward  is  entireiy  beom- 
patible  with  the  laws  which  already  exist  for  the  repression  of  Taerancj.  It  is 
illegal  to  bcfr ;  it  is  illegal  to  wander  about  without  means  of  subsistence;  bat 
tiime  is  no  habitual  vagrant  liviuff  who  b  not  guilty  of  this  compound  fractote 
of  the  law,  and  few  who  have  not  been  punished  for  it.  Nevertbeleaa,  we  wink  at 
thMe  iiuBdMiieaw)ur8,  and  in  housing  10,000  vagiants  btbtt  night  in  the  casual 
.  wards — whicb^  of  course,  is  but  a  fraction  of  the  total  highwav  population — we 
offer  direct  encotuagement  to  known  law-breakers  to  persist  in  breaking  the  law. 
Itwoold,  (tf<!M)ne,beneceflBa^  tomeet  the  case  of  (renuine  seeken  of  work,  and 
we  ihonld  meet  it  conrideratdr  and  indulgently.  They  would  be  expected  to 
legitimiae  tbemaalTea  bj  means  of  a  police  or  properly  attested  private  cwtifieate, 
-— *i»f  their  bonajldei  and  deatinatbn,  and  this  labour  passport  should  eeoua 
right  ctf  loc^|it%  and  food  on  the  way.  For  them  honamg  might  be  fomd 
in  pmpar  qnaitars,  the  woriihonse,  or  any  decent  house  of  all,  or  in  tiigU 
ataelten  Ricti  as  exist  in  Qennany  and  Switserland.  But  the  crucial  pMBt  i% 
How  (a  deal  wilii  the  ngranta  ami  loafers  who  do  not  abandon  thaii  idle  w^ 
had  seek  workp  After  a  first  warning  these  should  be  detained — for  a  period 
sufficiently  lon^  for  disciplinary  purpoeea— in  twrrectional  instttntioiu;  the 
hardened  caaes  in  penitentiaries  to  be  specially  nrorided  for  in  eusting  houses  of 
oorrection  whose  regime  should  be  modified  to  their  needs,  and  the  more  hopafbl 
Does  in  some  form  of  labour  colony  which,  bendes  recetving  vagranta  who  had 
uueed  under  magisterial  jurisdiction,  should  also,  as  in  Oermany,  Holland,  and 
Bwitserland,  offer  a  temporary  home  to  work-severe  of  all  kinds.  It  might  be 
said  that  that  was  to  admit  the  principle  of  the  light  to  work.  Even  if  that  wen 
•0,  the  right  to  work  is  an  infinitely  better  and  wiser  and  safer  Mindple  t« 
concede  to  the  massee  than  the  right  to  be  idle.  Early  English  laws  really 
{vopoeed  in  a  crude  fashion  this  very  treatment  of  habitual  vagrants  and  idlen, 
and  Germany  and  Switzerland— the  one  a  conservative  and  the  other  a  demociatte 
sobntiy^-aie  treating  the  problem  on  theae  lines. 


WEDysssAr,  septsmser  12. 

The  btlowing  Papers  were  read  :— 

1.  Tht  Relation  between  Spinners  and  Piecers  in  tht  CoUon  Tndwiry. 
JJ^a.  J.  Chapman,  M.A. 

When  spinningflrst  became  a  separate  industry  for  men  atthebeginningof  tfaii 
tentury  the  spinners  successfully  enforced  apprenticeship  rules ;  and  even  after  tba 
'mules'  and  'jennies'  became  longer,  caring  more  spindles — espedally  afitt 
power  was  used  for  driving  the  carriage  backwards  and  forwards — and  when  coi^ 
•equently  more  piecers  were  required,  on  some  '  wheels,'  the  old  appnatioeahip 
rnMB  were  still  enforced,  and  a  distinction  was  drawn  between  those  piecers  wkff 
were '  leamete '  and  those  who  were  not.  When,  however,  it  became  the  role  to 
Ikve  on  each  machine  piecers  who  were  not  learners,  and  when,  moreoTer,  inn 
proved  machinery  waa  ruidering  the  learning  of  spinning  an  nay  tuk,  the  diatinc* 
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tioa  between  piecen  and '  learneM '  broke  down,  and  the  appnnlicMhipnilei  eouU 
no  longer  be  nuiintaiiied.  Tba  tho  apinners  adopted  a  new  policy.  Tbej  mraely 
luiited  on  their  existing  JaigB  share  of  the  total  wage  paid  on  tho  '  mulea,'  op. 
poaed  all  increaMa  in  pieoers'  wag«i,  which  they  knew  wonld  be  at  their  axpeiiM, 
and  Umited  the  qnantity  of  machuiery  to  each  spinner.  The  result  is  that  than 
an  tOHiaj  from  two  to  three  times  as  many  piecere  aa  spinnen,  and  that  a 
neat  number  of  the  former  have  been  for  years  as  fully  qoaJified  as  the  latter, 
Uioogli  they  receive  at  most  only  aboat  half  a  Bpinner's  wajfe.  Both  mastan  and 
piecers  have  attempted  to  do  away  with  this  arrangemeot,  which  is  W  no  meana 
eoonomical,  and  which  benefits  omy  eslBtiog  spinoerB  at  the  expense  of  the  piaoeia 
and  all  future  workers  in  the  industry.  But  the  oppoddon  of  the  piecera  ia  weak 
because  they  are  badly  paid,  and  are  ever  hopii^  to  become  soon  highly  paid 
spinnere  or  something  else ;  and,  on  the  whole,  the  men  have  been  aocccsaAu  in 
iwiisting  the  masters'  attempta  to  introdnce  the 'joiiung,''doffln|ir,'and 'appmi> 
ticeehip'  nstems,  and  the  'coapling  of  wheels*  (doubts-  and  treble-daoking),wnick 
were  all  directed  against  the  existing  arrangement  of  hands  on  the  '  mulaa.' 


2.  Indian  Guaranteed  BaUwayt;  an  Illustration  o/*LuaBer  Fain  Theory 
and  Practice.     By  Ethel  R.  Fabaday,  M.A. 

The  dogmatic  rigidity  of  the  Untter  /aire  school,  and  their  refusal  to  recogtiiaa 
the  principle  of  development  in  economics,  have  produced  the  characteristic  weak- 
nasMi  of  their  policy,  its  carelesaneas  of  detail,  its  sacrifice  of  actual  to  nominal 
freedom,  its  neglect  to  provide  for  future  posaibilities,  and  its  attempt  to  apply 
the  same  reasoning  to  difierent  (urcumstaDces ;  all  of  which  are  illustrated  in  the 
later  history  of  the  Indian  guaranteed  railways.  The  guarantee  system,  in  origin  a 
Burelj  practical  expedient,  nad  outlived  its  utilitj^  before  it  was  revived  by  the 
Enghsb  Government  of  166S-74,  apparently  as  being  preferable,  from  the  laitier 
faire  point  of  view,  to  the  direct  State  ownership  which  was  considered  br  Lord 
Lawrence,  as  W  Boscher,  advisable  in  India.  In  the  contracts  renewed  with  t^ree 
lailwaya — the  Great  Indian  Peninsula,  Bombay,  Barods,  and  Central  India)  and 
Madras  lines— it  was  agreed  that  the  companies  should  receive  interest  at  tba 
guaruiteed  rat«  of  6  per  cent,  and  half  the  surplus  profits,  no  account  being  taken 
ordeflcits;  that  remittances  to  England  ehould  be  converted  at  the  rate  of  i«.  ](U. 
the  rupee;  and  that  caloulatioDs  should  be  made  on  a  half-yearly  hana.  Tha 
result  waa  that  the  Indian  Government  boie  all  the  loss  of  the  unprofitable  half- 
years  and,  after  187S,  never  received  its  full  share  of  gain  in  the  profitable  ones, 
unce,  as  the  exchange  value  of  the  rupee  fell  below  l».  1(U.,  the  shareholders  recdved 
agradually  increawng  proportion  of  the  surplus  profits,  while  the  contract  obligation 
to  pay  intereet  at  f>.  per  cent,  deprived  the  State  of  advantage  from  cheaper  money 
ana  improved  credit,  which  would  lately  have  enabled  it  to  raise  money  at  2j[  oi 
8  per  cent,  to  pay  off  loans  advanced  at  a  higher  rate  of  intereet.  On  the  three 
lines  in  question,  taken  together,  the  average  proportion  of  earnings  yearly 
remitted  to  England,  1802-7,  was  99*70  per  cent.,  and  the  net  annual  loss  to 
Government  amounted  to  18,000,0002^*.,  a  tax  imposed  on  the  Indian  public,  for 
^e  benefit  of  the  British  shareholder,  by  that  laieter  faire  school  which  objects  to 
State  railways  as  taxing  one  part  of  the  communis  for  the  benefit  of  the  other. 
Statistics  showing  the  working  azpensee  of  rulwavs  formerly  guaranteed,  beforo 
and  after  their  acquisition  by  the  State,  indicate  tnat  the  guarantee  system  was 
uneconomical ;  but  the  fault  is  less  with  the  companies  than  with  the  laitter/aire 
English  QoTsmment,  which  gave  them  the  material  advantage*  of  liberty,  and 
freed  them  from  its  responHiUlities. 


3.  Price-changes  in  the  Foreign  Trade  o/Frmux. 
By  Professor  A.  W.  Flux,  M^. 

Some  twenty  years  uo,  H,  de  Foville  traced  the  variations  of  prioa-leval  in 
Frencb  trade  l^^  nang  for  the  years  1837  and  1847  to  1862  the  nine*  of  the  ' 
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timda  of  evik  jmr  u  ueertuaed  and  comparing  it  with  the  Officitil  Vtjue,  wbieli 
•xpreMfid  its  value  at  the  prion  fixed  for  the  feu  1827.  From  1662  onwards 
these  OfHoial  Values  are  not  recorded,  but  in  each  Te«r  the  tnde  is  first  Tsloed  at 
the  prices  of  the  praoedinfc  jeu,  and^  later,  a  leviwa  valustioii,  at  the  prices  of  the 
veer  itself,  is  eopplied.  Thus  the  pnce-moTements  were  tnced  ^om  1847  to  1678.' 
toie  paper  continues  the  latter  series  of  comparieons  to  1898,  Taking  the  price- 
larel  ^18^  as  100,  the  lowest  level  iubseauentlj  reached  was  in  1897,  when 
Inporta  reached  S7'3  and  expcnts  67*6.  In  1698,  neglecting  firactions,  the  level 
of  pice  for  both  importji  and  exports  was  58.  In  the  intervBl  the  fall  of  price- 
level  for  exports  was  almost  nnbroksn,  the  elevations  of  1864,  1872,  1880,  and 
1890  bMng  comparatiTaW'  slight.  In  the  case  of  imports  there  was  a  conndersble 
and  sharp  rise  from  1869  to  1872,  after  which  the  course  of  the  movement  has 
been  sisular  to  that  of  exports,  but  so  much  more  rapid  has  been  the  dsdine  as  to 
^~~g  the  figures  for  both  sectiooa  of  trade  to  approximatelj  the  same  level  in  the 
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The  piecing  together  of  a  rectffd  of  price-movement  before  and  after  1862  ae 
ascertained  by  two  different  methods  gives  interest  to  the  comparison  of  the 
moasnree  of  the  movement  irom  1887  to  1896  hj  each  of  these  two  methods.  The 
ToUeoulUcenna/ for  1887  to  1896Bai^iesaraliiBtioq  of  tbetrade  of  each  jesr  at 
1896  jmces.  The  two  measures  of  pnce-movement  give  nubstantiallj  the  same 
reaulta  except  in  the  ;rBBra  most  removed  from  the  vear  with  which  comparison  is 
made.  The  fall  of  price  is  greater  for  exports,  less  for  imports,  from  1887  to  1886 
Mmeasoredb;  direct  evaluation  of  the  trade  of  each  ;ear  at  thepricee  of  ISflBthan 
aa  measnrad  b;  the  index  of  price-movement  previously  obtained.  The  greatast 
difitoenoe  shown  falls  short  of  3  per  cent.  It  is  poeeihle  that,  just  as  a  divergence 
between  the  course  of  price-movement  of  imports  and  exports  up  to  1872  did  not 
prevent  the  substantial  identity  of  price«hange  in  both  over  the  period  1862  to 
1398,  ao  the  diveigence  shown  over  a  ten-jear  period,  in  the  two  measures  of 
price-movement,  is  no  proof  that,  could  the  same  method  have  been  used  for 
tnuang  pric«-change  from  1827  to  1898,  instead  of  two  methods  linked  together  at 
t^  date  of  passing  from  one  to  the  other,  the  indication  of  change  of  price-level 
over  the  whole  period  would  have  differed  substantially  from  that  actuallj 
obtuoad. 

It  is  interesting  to  note  that  the  difference  of  Dnce-lavel  in  the  early  uxtiea  and 
the  lata  nineties  as  shown  by  Sauerbeck's  Index  Number  is  not  &r  from  the  aama 
as  that  ascertained  by  the  methods  used  in  the  paper  for  f>ench  fordgn  trade. 
■  Cf  Jwmat  lifthe  So^al  3tatittieal  Sxietg,  December  UTS, 
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bbction  a.— mechanical  science. 

PBBBIDBirT  OF  1KB  SBcmoR— Sir  Alkzasdhb  Bisris,  M.Iiut.C.£.,  F.O.S. 


THUB8DAT,  SEPTEMBER  6. 

I^  Preaideat  cleliTerod  Uie  following  Address  :— 

LooKiHa  bick  kt  tha  A.ddreieas  of  mj  many  diiUnguufaed  pTedecesson  in  this 
chair,  I  find  that,  devoting  their  attentioQ  as  thej  hare  done  either  to  the  general 
progTSBs  of  engineenng  knonledge  or  to  those  particulAr  porta  of  it  that  have 
eiig«^wl  their  personal  study,  the  possible  field  of  obaerTation  has  become  soma- 


drcumscrLhed.  Every  one,  I  think,  must  bv  this  time  be  fairlj  well  acquaioted 
witD  the  piogress  made  in  our  work  during  the  preMnt  century  Oi  durmg  the 
reign  of  Her  Majesty  the  Queen. 


But  although  this  detailed  examination  of  progresuTB  ftdvincement  ma;  appear 
at  firtt  sight  to  be  exhaustsd,  yet  it  may  be  not  altogether  uuproGtabltt  if  w« 
endeavour  for  a  few  minutes  to  consider  how,  and  under  what  circumstances,  that 
■dvaneement  has  alona  become  possible. 

Living  as  we  do  at  the  end  of  the  nineteenth  century,  and  surraunded  M  we 
have  all  of  ua  been  from  our  earlleat  ynars  with  a  march  of  progrem  anequaUed 
in  the  world's  annals,  we  are  apt  to  assume  that  the  circumstancM  which  surrouad 
usy  tha  general  attitude  of  the  scientific  mind,  and  our  conception  of  nature  and 
its  phenomena,  are  t-hings  which  come  to  us  by  nature  as  our  birthrigbt,  forgetting 
that  they  are  the  result  of  thousands  of  years  of  work  and  thought  among  some 
of  the  greatest  minds  that  the  world  has  ever  prod  need. 

It  may  not  therefure  be  displeasing  to  the  audience  which  I  see  before  me  if 
in  an  imperfect  way  I  attempt  to  lay  before  them  some,  at  all  events,  of  the  salient 
facts  which  lead  up  to  onr  present  outlook  on  the  scientific  matters  with  which 
our  profession  deals. 

We  as  civil  engineers  define  our  profession  as  being  '  the  art  of  directing  the 
great  sources  of  power  in  nature  for  the  use  and  convenience  oF  man.'  Conse- 
qnantly  our  success  or  otherwise  will  depend  on  the  estimate  we  may  form  of 
nature  as  a  whole,  and  of  those  great  sources  of  power  which  it  places  at  our 
disposal.  Undoubtedly  in  the  history  of  the  world  there  has  never  been  a  period 
when  the  study  of  nature  has  been  so  open  and  free  from  all  prejudices  of  any  kind 
whatever  as  it  has  been  during  the  present  century ;  nor,  perbape,  with  but  few 
azeeptiouB,  baa  there  ever  been  in  any  age  or  country  a  time  when  nature  and  her 
laws  have  been  investigated  with  so  pure  and  ateadrast  an  aim  after  actual  truth 
without  the  mind  being  prejudiced  by  authority  or  preconceived  idfas  derived 
from  those  great  departments  of  human  thought  which  deal  more  particularly 
with  matters  of  faith,  morals,  and  religion. 

This  equanimity  of  mind  in  which  we  now  approach  all  subjects  relating  to 
KieuM  \u  not,  I  need  hardly  Mjr,  bwD  the  caw  in  Uie  past,    {3one  pwponv  TfiVJ 
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ueiibo  it  entirely  to  the  indaclive  method  introduced  hj'Bteaa,  u  oppomd  to  tto 
too  eieliuive  conGnemeDt  of  the  mind  to  the  deductive  ajsteme  of  ti»  oUel  ■ 
■cholnstic  philoBophf  which  preceded  hie  time,  end  to  vhich  in  a  luge  DMMOie 
he  wee  Qndauhtealj  iiutnimentel  in  giving  the  deftth-blow.  This  view,  howeMr, 
ie  not  ftltogetber  correct,  for  in  the  teechmg  of  SocMtea  and  Aristotle  we  fiitd 
continued  reference  to  the  impor  uice  of  inquirj,  obeemtion,  and  indnctioiL 

And  inihe  casesof  HlpparchuHBodPtolemjinthebeetdsjBof  the  Alexindrieti 
school  of  BitTonnmj  we  God  the  most  laborioue  ofaeerTBtions  curied  on  for 
hundreds  of  years  under  eircumstancee  and  with  instruments  which  we  ehouM 
now  consider  totallj  inedequete ;  and  b;  their  means  discoveries  were  thm  made 
with  an  accuracj  which  Burprisee  at ;  end  from  these  discoveries  eoncloaiom  were 
drawn  which  for  more  than  a  thousand  years  stood  the  test  and  satisfied  the 
requirements  of  some  of  the  most  acute  thinkers  of  the  world. 

We  should,  I  think,  in  the  first  instance  inqoire  how  it  came  about  that  the 
great  mental  enerfnea  of  philosophers  of  the  ancieat  world  failed  to  produce  that 
fruit  which  we  in  later  sges  are  gathering  in  such  rich  abundance. 

To  arrive  at  some  idea  on  this  question  we  must  endeavour  to  picture  to  oar- 
■elves  the  inner  coDSciousneas  of  the  great  minds  of  antiqultj  wtien  tbaj  fint 
began  to  contemplate  the  circumstances  oj  which  thej  were  surrounded,  and  wete 
celled  upon  bj  that  inexorable  and  mjBterious  lonfuing  of  the  human  ndnd  to 
answer  those  great  questions  of  the  whence  and  the  whither  which  are  W  •traogdy 
rooted  in  the  hearts  of  all  deep-thinking  people. 

To  them  were  presented  for  the  first  time  those  great  phenomeu  of  nature  hy 
which  we  are  alwaje  surrouoded,  man;  of  these  b^g  of^  a  character  at  once  to 
charm  and  at  other  times  to  terrify  the  beholder.  And  in  what  I  may  caB  the 
childhood  of  the  human  mind,  the;,  like  children  of  a  later  age,  were  protis  to 
aectihe  to  what  they  saw  around  them  qualities  and  properties  to  which  tlw 
phenomena  in  themedves  had  no  relation. 

What  I  may  call  the  naecent  deductive  principle,  so  Strong  in  all  our  nunds, 
had  given  to  it  by  these  ancient  philosophers  the  free  pjaj^  of  fancy  and  ima^na- 
tion  which  led  them  to  conclusions  based  on  their  own  ideas  and  not  upon  tbs 
facts  of  unerring  nature.  Consequently  we  see  in  the  early  age  of  Ure^  uioi^bt 
the  natural  laws  of  the  universe  in  smiling  morn  or  darkening  night,  in  raging  sea 
or  the  thunderbolts  of  heaven,  sscribed  to  the  immediate  action  of  benevolent  or 
malevolent  powers  in  the  celestial  world  ;  and  as  a  consequence  the  Qreek  mind 
from  its  earliest  ^riod  became  eatuiated  with  the  beautiful  conceptions  of  her 
poets,  and  following  from  this  when  philosophy  first  approached  the  subject, 
theories  were  broached  and  conelnsiona  were  adopt«d,  many  of  them  on  an  nttslj 
erroneous  baais. 

Steeped  as  the  Greek  mind  was  in  its  lovely  ideals  of  tiatnre,  it  is  not  ear- 
prising  to  find  that,  when  their  philosophers  b^fan  to  formulatA  thur  theoriet, 
these  deductions  took  the  place  of  fact;  and  celestial  obBervatioi)s,wliailhe^niade 
them,  as  they  undoubtedly  did,  were  ueed,  not  for  the  parpoee  of  DlDstratangtlw 
laws  of  nature  as  we  interpret  them,  but  as  a  means,  partly  religioud  and  puilj 
philosophical,  in  sunparl  of  their  preconceived  ideas  of  the  universe,  tbefouD&lioM 
of  which,  having  been  Inid  in  poetry,  became  crystallised  in  the  mwderfiil  eon- 
neptions  of  the  great  men  who  directed  their  country's  mind. 

In  looking,  tnerefore,  at  nature  in  the  earlier  ages  of  sdentiflo  thonght,  we  find 
that  the  standpoint  ftom  which  everything  was  viewed  was  narrowed  down  to  a 
universe  constructed  for  man  alone,  the  ooweis  of  which  were  governed  by  tke 
caprice  and  whim  of  the  great  gods  of  Olympus,  and  yet  even  in  this  period  we 
notice  true  opinions  arising  with  rward  to  the  structure  of  the  ontTerse.  Fw 
instance,  Fytnagoras — and  Arislarchus — concuved  the  idea  that  the  sun  was  the 
centre  of  the  universe,  aod  that  the  planeta  revolved  around  him. 

This  correct  deduction  was  to  a  large  extent  vitiated  bj  brin^g  it  into  rel»- 
tion  with  another  conception,  that  of  harmonies. 

Hence  we  find  the  true  ideas  of  Pythagoras  mixed  up,  and  in  a  eetm  otmfiiaed, 
by  this  theory  of  the  harmony  of  the  epbwes. 

And  even  when  at  »  later  period,  more  aceiimt«  obeerratitn  gnt  t)i»  ■wimll 
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•till  bettor  data  on  wbich  to  reason,  thef  yet  continued  to  ascribe,  la  tLo  very  ncinea 
of  the  pUoets  indicate,  ootmectiona  between  tbem  and  the  gods. 

The  outcome,  however,  of  the  teaching  of  the  Qreek  awooU,  cnlminatins  u  it 
did  in  the  splendid  work  of  the  Aleundnan  philoeophen,  resulted  in  the  mistaken 
formula  that  the  earth  was  the  centre  around  which  all  the  phenomena  of  nature 
were  carried  on. 


It  must  not  be  imagined  for  one  moment  that  Hippaichns  and  Pt4>)emT  wen 
not  acute  and  accurate  obserrers.  They  at  an  earlv  period  detected  eoma  of  thoM 
inequalities  in  the  moon's  motion  which  requin  all  the  force  of  the  gravitation 
theory  to  explain, 

Tbey  defined,  bj  patient  observation,  the  irregular  motions  of  the  planets, 
sometimes  progreasing,  Bometimes  retn^sding,  and  with  wonderful  acsuracj  they 
were  able  to  measure  the  precesaion  of  the  er|uinaXB8  which  carries  tha  equinoctial 
points  backwards  along  tjhe  hne  of  the  ecliptic. 

The;  had  a  very  clear  conception  of  the  rotundity  of  the  earth,  as  we  know 
from  the  fact  that  they  made  attempts  to  nu>-asure  an  arc  of  meridian. 

-  All  this  wonderful  mass  of  obseryation  and  discovery,  when  tatdng  into  con- 
sideration the  imperfect  means  at  their  disposal,  will  ever  remain  tiiroughout  all 
ages  one  of  the  grtAiett  moouments  to  perpetuate  the  fame  of  the  men  who  pro- 
duced it. 

The  question  at  once  arises,  How  was  it  that  with  their  wonderfully  accurate 
observattons  and  their  perfect  knowledge  of  the  moyements  of  the  heayenl;  bodies 
they  did  not  arrive  at  aame  of  those  reyelatioos  which  later  ages  have  brought  to 
light  P 

It  is  difficult  to  answer  this  question  with  any  degree  of  precision,  bnt  one  can 
see  dearly  that  their  minda  were  governed,  and  the  resnlts  of  their  induction) 
Titrated,  by  conceptions  such  aa  those  of  which  I  have  above  spohen. 

These  conceptions  were  that,  seeing  that  the  sun,  moon,  and  planets  appeared 
to  revolve  around  the  earth  and  return  at  different  periods  into  oIosedT  orbits, 
theKfore,  aa  a  circle  was  the  most  perfect  of  all  figures,  they  must  necenarily 
revolye  in  drcular  orbits,  and  that  as  celestial  bodies  this  motion  must  u 
otuform 

Consequent]^,  to  unite  together  the  accnrate  observationB  that  they  had  made 
of  all  the  varying  motions  of  the  heavenly  bodies,  they  had  to  invent  circiilai 
orbits  and  smaller  orbits  carried  by  theee  in  which  the  sun  and  planets  revolved) 
and  so  gisdually  built  up  that  wonderful  and  complex  system,  to  which  the  name 
of  Ptolemy  is  always  attached,  of  cycles,  epicycles,  and  deferents,  by  which  in  a 
most  complicated  manner  they  were  able  at  length  to  reconcile  their  aooQrat« 
obaervations  with  tbai  precoQceived  idea  of  circular  motion.  The  Ptolemaia 
sretem  will  always  remain  a  wonderful  monument  to  the  skill  of  the  observers  and 
tne  acQteness  of  the  thinkers  in  the  ancient  world. 

Turning  now  to  the  domain  of  mecbantcs,  with  which  were  intimatoly  bound  up 
their  ideas  of  geometry,  we  find,  as  our  old  friend  Euclid  has  long  since  taught  US, 
not  only  that  they  were  among  the  most  acute  reasoners,  but  that  they  possessed 
logic,  which,  when  applied  to  such  conceptions  as  these,  has  remained  after  2,000 
years  the  text-book  in  our  schools. 

But  in  their  estate  of  the  uses  of  geometry  and  the  functions  of  the  conic 
sections,  tb«  pbiloaopbers  of  old  r^^eathem  mainly  as  a  species  of  intellectnal 
athletic*  by  which  the  mind  was  trained  and  perfected,  and  they  believed  that  it 
was  degradation  to  apply  that  knowledge  to  the  aflairs  of  mundane  life. 

In  the  case  of  Arcnimedee  we  see  the' master-mind  grappling  for  the  first  time 
with  some  of  the  great  Broblems  of  mass  and  ot  force,  and  solving  to  a  large  extent 

nixed  np  with  others, 

which  ascribe  to  them  properties  perfectly  ideal,  and  it  was  considered,  in  the 
worda  of  our  great  poet,  tliat  the  application  of  these  wonderful  discoTmea  to 
tbo  a&irs  of  life  was  '  base  mechanical.' 

No  doubt  much  of  this  was  dne  to  the  fact  that  the  teaching  of  the  old  Greeks 
wen  held  to  be  exclusvely  tbe  proper^  of  certain  sohoola  and  scademisfl,  and  that 
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the  cultun  of  the  mind  wm  the  olject  ia  view.  On  the  other  bftod,  ill  the  ftbin 
of  life  coDQect«d  with  the  tnechtnicel  arte  wen  coDtioed  fot  the  moat  pftrt  to  • 
large  section  of  the  people  who  were  held  in  eUTetj,  and  who,  with  but  few 
exceptions,  never  rose  to  intellectual  purauita. 

But,  above  ell,  m  their  ideae  crjstalli^ed  into  the  form  of  concrete  thsoriea 
nearly  allied  to  manj  Hupematural  conceptions,  theee  were  gradnallv  absorbed  by 
the  prieatbood  and  mingled  with  the  national  faith,  to  differ  from  wnicb,  as  in  tlu 
caae  of  Sucratee,  meant  recantation  or  death. 

Reviewing,  therefore,  the  above  impreaaiona  of  the  andent  world,  we  find  tha 
moat  accurate  observationa  combined  with  the  moat  &nciful  theorieg,  worked  oat 
tvith  a  logical  and  a  mathematical  akill  which  alt  the  vroild  admirea,  jet  viti«tfld 
by  conceptiona  or  thecriea  tiased  on  fanciful  reeemblancea,  and  the  whole  ((raduallr 
MDBOlidated  by  prieatcrafV-  into  a  mass  of  auperstitioua  dogma,  to  ditfer  from  whicn 
waa  to  iucor  the  odium  of  hereay. 

We  ahall  see  as  we  proceed  that  this  palay  of  the  mind  waa  tgtia  repeated 
after  a  lapse  of  1,500  yeara. 

fiut  even  in  the  century  which  iniinediat«ly  preceded  our  era,  we  have  indica- 
tion that  there  were  clear  theories  which  had  they  been  followed  out  to  tba  full 
mif^t  have  led  to  an  earlier  gathering  in  of  the  fruits  of  edeuce. 

At  this  point  I  may  perhaps  be  permitted  to  read  a  few  passages  from  tha 
great  Latin  poet  LucreUua,  who  in  hie  aweet  Pyrrhean  veraes  attempts  to  lay 
before  his  beloved  Uemmiua,  the  Roman  aoldier,  the  learning  of  the  Qreeka. 

I  shall  nae  Munro'a  translation. 

The  entire  six  books  are  taken  up  by  an  attempt  on  the  part  of  Lucretius  to 
explain  to  Uemmiua  the  whole  realm  of  nature,  starting  from  the  atonuo  stand- 
point of  Dentocritna  and  £picurua. 

I  should  eiplun  that  in  the  following  passages  Lucretius  caUa  the  atoms  tlie 
flnt-b^inningB  of  things. 

This  poem  waa  written  in  the  first  century  before  our  era,  and  gives  a  good 
idea  of  the  attitude  of  the  Roman  mind  in  ibi  admiration  of  Qreek  philoaophy, 
while  at  tha  same  time  attacking  the  gross  eupersdciou  of  the  priests. 

'  When  human  life  to  view  lay  foully  prostrate  upon  earth  cruahed  down  und^ 
the  weight  of  religion,  who  showed  her  head  from  the  quarters  of  heaven  with 
hideous  aspect  lowering  open  mortals,  a  man  of  Greece  ventured  first  to  lift  up  his 
mortal  eyes  to  her  face  and  first  to  withstand  her  to  her  face.  Him  neither  atory 
of  gods  nor  thunderbolts  nor  heaven  with  threatening  roar  could  ouell :  they  onljr 
chafed  the  more  the  eager  courage  of  his  B'>ui,  filling  him  with  aedre  to  be  the 
first  to  burst  the  fast  bira  of  nature'a  portala.  Therefore  the  living  force  of  his 
BOul  gained  the  day :  on  he  passed  far  beyond  the  flaming  walls  of  the  world  and 
travened  throughout  in  mind  and  spirit  the  immeaaurable  universe ;  whence  be 
returns  a  conqueror  to  tell  ua  what  can,  what  cannot  come  into  being ;  in  abort 
on  what  principle  each  thing  haa  ita  powers  defined,  ita  deep-set  boundiary  mark. 
Hierefore  religion  ia  put  under  foot  and  tiampbd  upon  in  t-um ;  ua  his  rietorr 
Imoga  level  with  heaven.'  > 

'  Thia  terror  then  and  darkneas  of  mind  most  be  dispelled  not  by  t^e  raya  of  the 
eon  and  glittering  shafts  of  day,  but  by  the  aspect  and  the  law  of  nature ;  tbe  warp 
of  whose  deeigo  we  shall  begin  with  thia  firat  principle,  nothing  ia  erer  gotl«D  out 
of  nothing  by  divine  power.' ' 

'  We  must  admit  therefore  that  nothing  can  come  from  nothing,  unce  thinga 
require  seed  before  they  can  severally  be  born  and  be  brought  out  into  the  buxom 

'Moreover  nature  dissolves  everything  back  into  its  firat  bodies  and  does  not 
annihilate  thinsa.'* 

<  And  yet  aU  things  are  not  on  all  aides  januned  together  and  kept  in  by  body : 
there  ia  also  void  in  tninga.' 

'  Time  also  exists  not  by  itself,  but  simply  from  the  things  which  bappen  tha 
■snse  apprehends  what  haa  been  done  in  time  past,  as  well  as  what  is  preaent  and 

■  Book  I.,  p.  t,       '  Zm.  ^  4.       >,  Ibid.  p.  S.        •  lUd-  p.  6.       •  JHi.  f,  8, 
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whftt  is  to  follow  after.    And  w»  miut  admit  that  do  ona  feels  time  bj  itself 
abstracted  from  tbe  motion  and  calm  rest  of  things.' ' 

Lucretins,  spealiiDg  as  in  the  followini;;  lines  of  nt 
appears  to  have  the  conception,  not  onlj  of  atoms, 
instance : — 

'Bodies  again  are  partlj  first-beRinnuigs  of  things,  partly  those  vhich  are 
formed  of  a  uoioa  of  first-beginnings.  ^ 

'  But  siDce  I  have  proved  above  that  nothing  can  be  produced  from  nothing, 
and  that  what  is  begotten  cannot  be  recalled  to  nothing,  first-beginnings  must  be 
of  an  imperisbsble  bodj,  into  which  all  things  can  be  dissolved  st  their  last  hour, 
that  there  mav  be  a  supply  of  matter  for  the  reproduction  of  thingB,' ' 

From  the  loUowing  quotations  it  will  be  seen  that  Lucretius  nad  a  very  good 
idea  of  the  struggle  for  ezislence  and  the  survival  of  the  fittest. 

'  That  also  which  before  was  from  the  earth  passes  back  into  the  earth,  and 
that  which  was  sent  from  the  borders  of  ether  is  carried  back  and  taken  io  again 
by  the  quarters  of  heaven.'  * 

'  Thus  one  thing  will  never  c«ase  to  rise  out  of  another,  and  life  is  granted  to 
none  in  fee-^mple,  to  all  in  usufruct.' ' 

'  And  many  races  of  living  things  must  then  have  died  out  and  been  unable  to 
beget  and  continue  thdr  breed.  Far  in  the  case  of  all  tbiuge  which  you  see 
brestUng  the  breath  of  life,  either  craft  or  courage  or  else  speed  has  from  the 
beginnieg  of  its  eiistence  protected  and  preKrved  each  particular  race.  And  tbsre 
are  many  things  which,  recommended  to  us  by  their  useful  services,  continue  to 
exist  consigned  to  our  protection.  In  the  first  place  the  fierce  brmd  of  lions  and 
the  savage  races  their  courage  has  protected,  foxes  their  craft,  and  stags  th^r 
proneneas  to  flight.  But  light«leepiDg  dogs  with  fiuthful  heart  in  breast  and 
every  kind  whidi  is  bom  of  the  seed  of  beasts  of  burden,  and  at. the  same  time  the 
woolly  flocks  and  the  homed  herds,  are  all  consigned,  Memmius,  to  the  protection 
of  roan.  For  they  have  ever  fled  with  eagerness  from  wild  bessts,  and  hare 
ensued  peace  and  plenty  of  food  obtained  witliout  their  own  labour,  as  we  give  it 
in  requital  of  their  useful  cervices.  But  those  to  whom  Natnre  has  granted  none 
of  these  qualities,  so  that  they  could  neither  live  by  their  own  means  nor  perfonn 
for  us  any  useful  service  in  return  for  which  we  should  suffer  their  kind  to  feed 
and  be  aafe  under  our  protection,  those,  you  are  to  know,  would  lie  exposed  as  a 
prey  and  booty  of  others,  hampered  all  in  their  own  death-bringing  ebacklea,  until 
Katore  brought  that  kind  to  utter  destruction.' ' 

I  must  conclude  mj  quotations  from  Lucretius  with  his  splendid  exordium  ^ 
KTemmiua  in  the  second  book, 

'  Apply  now,  we  entreat,  your  mind  to  true  reason.  For  a  new  question 
atmmlee  earnestly  to  gain  your  ears,  a  new  aspect  of  things  to  display  itself. 
But  there  is  nothing  so  easy  ss  not  to  be  at  first  more  difficult  to  believe  than 
afterwards ;  and  nothing  too  so  great,  so  marvellous,  that  all  do  not  gradually 
abate  their  admiration  of  it.  Lookupatthebright  and  unsullied  huaof  heaven  and 
the  stars  which  it  holds  within  it,  wandering  all  about,  and  the  moon  and  th» 
sun's  light  of  dazzling  brilliancy :  if  all  these  things  were  now  for  the  first  time, 
if  I  say  tbey  were  now  suddenly  presented  to  mortals  beyond  all  expectation, 
what  could  have  been  named  that  would  be  more  marrellous  than  these  things, 
or  that  nations  beforehand  would  lees  venture  to  believe  could  be  P  nothing, 
methinks:  so  wondrous  strange  had  been  tnia  eight,  Yet  how  little,  you  know, 
wearied  as  alt  are  to  satie^  with  seeing,  any  one  now  cares  to  look  up  into  heaven's 
glittering  quarters  1  Cease  therefore  to  be  dismayed  by  the  mere  novelty  and  so 
to  rqect  reason  from  your  mind  with  loathing :  weigh  the  queetiona  rather  with 
keen  judgment,  and  if  they  seem  to  you  to  be  Lme,  surrender,  or  if  tbey  are  a 
fjalsenood,  gird  yourself  to  the  encounter.  For  since  the  sum  of  space  is  unlimited 
outside  beyond  these  walls  of  the  world,  the  mind  seeks  to  apprenend  what  there 
is  yonder  there,  to  which  the  spirit  ever  yearns  to  l"ok  forward,  and  to  which  the 
niitld'a  immission  reaches  in  free  and  unembarrassed  flight,'' 

'  Bocft  I.,  p.  11.         '  Ibid.  p.  12.  •  JHd.  p.  13.  *  Book  IL,  p,  53. 

»  Pook  JJL,  p.  80.  <  Book  v.,  p,  136.  '  Pook  H.,  pp.  68,  63, 


In  the  Mrly  cantnriei  of  our  an,  howeTO',  a  gnat  chann  wu  comli^f  over 
thfl  human  mind.  We  have  Men  from  the  abore  ^uotatioDB  that,  even  befra*  tho 
advent  of  Ghrutianitr,  thinking  men  were  beginning  to  ravolt  against  Om  m^er- 
■tition  of  the  old  mjthologj. 

Soon  after  there  aroie  the  Naoplatonic  school  at  Alexandria,  which  mixed  np, 
in  a  way  difficult  to  dwcribe,  beautiful  conceptions  of  moral  and  religiooa 
craining  through  astronomj  and  the  sciences  in  an  iueiplicahle  tangle  of  pseudo- 
Oieek  pbilosophj. 

At  the  same  time  there  waa  gradually  atealing  over  the  miuda  of  men  ut 
Mitiraly  new  feeling,  bom  of  a  new  faith,  which  t&ugbt  that  things  aaithly  and 
appertaining  to  the  earth  were  of  alif^ht  importance,  and  that  all  the  splendid 
Muning  of  the  Oreelu  was  but  vain  pbiloeopny,  and  that  the  thoughts  of  man 
must  be  directed,  not  to  the  present,  but  to  tbe  future. 

Among  tbeae  conflicting  ideas,  tiiere  was  intruded  the  outer  barbaric  power 
which  knew  nothing  of  science  or  of  philoaopby,  but  which,  by  its  virile  force  and 
austere  tenacity  of  moral  worth,  overran  and  conquered  the  Boman  Empire. 

Tbeee  untutored  peoples  were  soon  attracted  by  tbe  beagtifol  nmplicity  of  the 
now  religion,  and  were  gradually  absorbed  into  the  Christian  Cbnrch, 

In  the  ye«T  A.D.  640  a  serious  blow  waa  struck  to  advancing  sdence,  and  for  a 
thonaand  years  we  are  parted  tiom  all  the  teaming  of  tbe  andent  world  by  the 
dsstructiou  of  the  Alexandrian  Library  by  tbe  Saracens. 

Then  followed  for  nearly  a  thousand  years  that  period  of  int^ectual  torpor 
which  we  generally  denominate  'the  dark  ages.'  To  a  large  extent  nattval 
science  became  unknown,  tbe  astronomy  of  the  Qreeks  degenerated  infai  astrology, 
and  when  occaaional  thinkers  did  inquire  inta  nature's  secrets,  it  took  the  form  of 
alchemy,  and  a  desire  to  discover  the  philosopher's  stone,  and  tbe  transmutation  of 
metals.  Mixed  u^  with  tbeee  were  also  a  ecbool  of  magicians,  individuals  who 
revelled  fn  mjetenea — always  an  indication  of  ignorant  aupersti^on. 

During  this  period  the  ideas  of  the  universe  were  taught  from  the  book*  of 
HoMs ;  even  the  learned  lost  all  conception  of  the  rotandity  of  the  earth,  and 
indeed  we  have  treatises  written  to  prove  that  we  live  on  a  flat  world. 

Of  course,  during  the  period  I  am  speaking  of  there  were  some  minds,  in 
isolated  cases,  which  still  believed  in  the  teaching  of  the  Ptolemaic  svstem.  But 
the  overruling  authority  of  the  Church  crushed  out  all  inquiry  into  to*  nature  of 
things,  deemintF  it  sufficient  that  men  ahould  either  remun  igiiotant,  or  devote  theie 
attention  t«  a  future  existence. 

At  length,  however,  after  the  conquest  of  Constantinople,  in  14S3,  tbra«  canu 
a  period  when  the  literature  of  the  ancient  world  agun  claittied  attention,  and  the 
logic  of  Aristotle  became  the  dominant  factor  in  the  teaching  of  the  Church. 

Another  element  was  also  contributing  to  the  revival  of  the  human  in- 
tellect. 

The  fiaraoena,  after  their  conquest  of  Alexandria,  bad  preserved  in  the  nniver- 
dtiea  of  Bagdad  and  Damascus  much  of  the  learning  of  the  philosophera  of  th« 
ancient  world.  This  in  the  course  of  time  followed  thut  conquests  along  tha 
northern  coast  of  Africa,  and  was  gradually  grafted  into  the  European  mind  br 
the  teaching  of  tha  doctrines  of  tbe  school  at  Salamanca ;  and  it  ia  to  this  channcj, 
■trange  to  My,  that  we  are  indebted  for  what  we  know  of  the  tenets  of  Hippar- 
ehns  and  Ptolemy,  as  well  as  to  many  of  the  alcbemistic  sciencee  Vhich  they  tneni-' 
aalvea  aasidDOuAly  cultivated. 

Tbns  gradually  we  see  dawning  upon  the  benighted  minds  of  the  middle  a{[M 
a  revival  of  the  learning  of  the  ancient  world, 

Tbe  invention  of  printing  and  the  lessons  of  tbe  Reformation  at  once  thmr 
open  tbe  whole  question  to  independent  thought,  and  at  the  same  time  afforded  a 
means  of  free  interchange  of  opinions  throughout  the  whole  world. 

About  this  same  time  the  vexed  question  of  the  earth's  rotundity  was  fi>r  aver 
■St  at  rest  by  tbe  discoveries  of  Colombus  in  149S,  and  the  circumnavigation  d  tbe 
globe  in  1622. 

I  now  approach  a  period  when  it  becomea  necesaary  to  show,  with  somewhat 
more  exactitude  than  that  with  which  I  have  bitberto  treated  the  subject,  bow 
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gndiull^  tliere  grew  up  in  the  minds  of  man  tboae  modern  tntths  to  which  I  luT0 
alluded  m  the  opeain^  pusogee  of  mr  remuka. 

To  Attempt  to  do  jn«tice  to  this  theme  in  the  few  minntee  at  mTdispotal  would 
ha  indeed  t,  Tun  endMvour ;  but  for  tho  purpose  of  Hhowinf;  tha  hiiM  Mong  whidi 
the^  ran,  Mid  to  enable  jou  to  carrj  away  with  you  the  sequence  of  eventa  to 
which  I  am  about  to  allade,  T  hare  prepared  a  chronological  chart. 

This  chart  ext«nda  from  the  time  of  Edward  VI.,  in  1660,  to  the  preaent  jear. 
Borizontally  it  is  divided,  aa  you  will  notice^  into  jean,  and  to  the  same  ecala 
Tertically  into  years  alao. 

Immediately  below  are  marked  off  the  reigns  of  the  various  English  sovereigns, 
under  which  are  recorded,  againat  their  proper  dates,  some  of  the  principal 
political  events  of  the  period.  At  the  top  of  the  chart  will  also  be  found,  against 
their  appropriate  dates,  a  rscordof  some  of  the  principal  Bodal  events,  voyagas,  dis- 
coveries, invsntioDH,  and  other  data  which  indicate  the  progress  of  sdence  and  the 
arts,  as  wsU  as  of  those  sodal  events  which  mark  the  increase  of  civilisation  and 
tha  growth  of  kindlier  feelings  in  the  human  race.  A  few  statistics  are  alto  given 
of  population,  the  output  of  coal  and  iron,  and  the  pn^ress  of  nulway  develop* 
aient,  to  show  bow  rapid  has  been  the  advance  during  the  pwent  centorj. 

In  the  body  of  the  chart  are  markM  off  by  diagonu  lines,  commeodng  at  OuAt 
births  and  terminating  at  tlieir  deaths,  the  names  of  the  great  thinkersanaworkerSi 
Bciantific  and  otherwise,  who  have  doneeo  much  for  the  advanoement  of  the  human 
ndod  i  and  cominr  later  in  the  field,  and  marked  in  red,  are  noted  those  engmeers 
whoae  work  alone  became  possible  as  the  atudy  of  nature  broadened  out  and  bore 
&uit.  Consequently,  by  running  the  eye  vertically  upwards  at  any  particular 
period,  it  will  at  once  be  seen  who  were  the  great  contemporaries  of  that  period, 
to  what  predecessors  they  were  indebted,  and  what  was  the  state  of  sdence  during 
their  lifetime,  and  among  what  political  events  they  carried  on  their  work. 

A  very  Vief  inspection  of  this  chart  will  show  that  to  no  one  man  or  country 
can  be  ascribed  tbe  sole  merit  of  advancement. 

Advancement  depends  on  the  knowled^  we  have  inherited  from  our  ancestors, 
and  the  opinions  of  our  contemporaries  acbngoD  and  reacting  upon  each  other,  and 
together  iorming  what  we  may  call  the  drift  of  opinion  of  any  age  or  period  which 

At  the  stage  at  which  we  have  now  arrived  it  is  as  well  to  conceive  what  must 
liave  been  the  feelings  of  men,  espedaUy  of  Englishmen,  in  the  middle  part  of  the 
nitoenth  century.  By  the  Reformatioo  their  minds  had  been  opened  to  the 
exercise  of  private  Judgment,  and  there  was  presented  before  them  a  circumstance 
never  before  experienced,  nor  which  can  ever  again  appeal  to  the  human  mind. 

By  the  discovery  of  the  new  world  the  earth  space  had  been  practically 
doubled.  These  two  great  factors,  freedom  of  thought  and  the  enlargement  of  the 
world,  sided  by  printed  hooka,  produced  fresh  fruil  in  literature  ana  sdence,  and 
an  enthuaasm,  aimoat  amounting  to  the  romantic,  which  carried  men  on  to  enter- 
prises of  the  most  daring  kind,  and  flUed  them  with  the  confidence  that  a  great 
^nd  brilliant  future  was  in  store  for  the  human  race. 

Tbe  poetry  and  literature  of  the  Elizabethan  period  teem  with  these  senti- 
pients,  and  these  feelings  sank  deep  into  the  minos  of  thiulung  men  when  they 
contemplated  mare  serious  subjects. 

Peter  Ramus  (1616-1572)  attacked  the  Aristotelian  philosophy. 

Copernicus  (1473-1643)  revived  the  idea  of  Pythegoras  and  Aristarchns,  that 
the  sun,  and  not  the  earth,  was  the  centre  around  which  it  revolved  in  company 
with  the  other  planets.  He,  however,  still  retained  the  notion  that  ther  revolved 
in  circles,  and  had,  of  course,  to  resort  to  epicycles,  deferents,  and  ue  like,  to 
account  for  their  apparent  irregular  motions. 

At  a  little  later  period,  Tycho  Brahe  (1646-1601)  was  carrving  on  a  series  of 
astronomical  observations  of  an  accuracy  never  before  atteuiptedj  and  although  ba 
did  not  accept  the  Copemican  theory,  yet  be  so  far  b^^n  to  lose  &ith  in  tSM  of 
}*tolemy  as  to  propound  a  theory  of  his  own  to  reconcile  his  more  accurate 
Cbservationa. 

About  the  same  time,  William  Gilbert  (1640-1603)  paUiabed  lu>  wotk  on  tbf 
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magnet,  oad  Sir  I^rancis  Drake,  led  swa^  b^that  enthutuAO  6f  Wluch  Iliift 
ftlraady  spoken,  in  bis  great  Toymge  taaai  the  world  added  new  gloriea  to  Eagliih 
naTigftCion. 

As  couceptioas  mora  exact  and  obwrrations  mora  aocnnt«  were  nude,  it 
liecanie  necMsarj  in  noma  way  to  abortan  the  laborioiu  calculations  preTioul} 
carried  on.  Hence  we  get  about  tliis  time  the  inrention  of  logarithma  bj  Napn 
of  MerchistoD. 

But  this  evidnit  advancement  of  the  mind  was  opposed  fiercely  bj  the  powen 
of  the  Church,  resultiiig  in  the  burning  of  Giordano  Bnmo  at  Venice,  in  ths 
year  1600,  for  npholding  the  Copemican  theory. 

There  aow  came  upon  the  scene  one  or  tha  greatest  thlnliers  of  our  coontrj,  to 
whom  all  Englishmeo,  if  not  all  Europeana,  ahould  feel  the  deepest  ^ratitade,  the 

Ct  thinker,  Francis  Bacon,  who,  in  his  Tarioua  works  which  ne  has  left  behind 
.  bequeathed  to  future  ages  that  system  of  inductire  philosophy  which  hai 
done  so  much  for  the  advancement  of  learning. 

Aa  yon  will  remember,hts  first  doctrine  is  that  we  must  avoid  the  errors  whidi 
an  inherent  in  the  human  race,  and  which  he  clamea  under  the  four  heeds  of 
'Idola  of  the  tribe,'  'Idolaof  the  dan,' '  IdoU  of  the  forum  or  market,'  and  'Idoli 
of  the  theatre.' 

Having  got  rid  of  erroneous  and  preconceived  opinions,  he  lays  downmlMof 
right  thinking,  alfordsd  hy  scientific  facts  which  have  been  invaluable  in  tha 
investigation  of  science. 

He  does  not  touch  npon  religious  and  controversial  suhjecta  which  engaged 
the  attention  of  ao  laq^  a  nroportion  of  hia  contemporariet,  but  directs  the  wnole 
force  of  his  pbiloaophj  to  tne  acquisition  of  what  he  calls  '  fruita,'  that  is  to  aaj, 
the  pursuit  of  truth  for  its  own  sake. 

And  as  Macaulay  says  of  him,  althoagh  he  is  be«t  known  by  his  essays,  vet  of 
his  more  philosophical  works  he  remarks  that '  they  have  moved  the  intellacti 
which  have  moved  tha  world.' 

We  now  have  to  consider  for  a  moment  a  name  which  should  be  higllj 
honoured  amonr  all  men  of  science,  but  especially  among  engineers,  for  t<i  G^ilN 
we  are  indebted  for  the  first  principles  of  mechanics.  He  Invented  the  theroo- 
meter  about  1602,  and  the  telescope  which  bears  his  name  in  1609. 

In  1686  he  composed  hU  first  easay  on  the  hydrostatic  balai)ce,and  hiaobservt- 
tions  on  the  swinging  of  the  groat  bronze  lamp  in  the  Cathedral  of  Flsa,  s*  well 
as  his  experiments  on  the  centre  of  gravity,  and  on  fslling  bodies  from  the  lesnuig 
tower,  laid  the  foundation  of  the  exact  determination  of  aame  of  our  om^Mt 
mechanical  conceptions. 

His  astronomical  observations  of  the  moon,  his  discovery  of  Jopiter'a  satellitei 
in  1610,  as  well  as  the  ringa  of  Saturn  and  the  phases  of  Venus,  gave  to  the 
Copemican  theory  the  basis  of  fact  which  was  before  wanting. 

ItianeedleM  to  say  that  Galileo  advocated  most  etrougly  the  theo^ofbii 

Eredecessor  Go^micus,  and  for  the  doctrines  which  he  so  taught  he  was  bron^t 
efore  the  Inquisition,  imprisoned,  and  his  latter  days  rendered  miaeraUe  by  tbs 
persecution  of  tha  Church. 

Oontemporary  with  Galileo  was  his  iUustrioos  correspondent  Kepler,  who  is 
the  most  laborioua  manner,  from  the  observations  of  Tycbo  Brahe  and  othtf 
accurate  astronomers,  gradually  gave  to  the  world  tho^e  lawi  which  bear  bis  nams, 
and  fixed  for  ail  time  the  fact  that  the  planets  revolved  around  the  son,  not  in 
circular,  but  in  elliptJcal  orbits. 

These  teachings,  asusted  by  the  iUostrions  Gassendi,  were  gradnallj  fomtng 
in  the  minds  of  men  a  samewhat  more  accurate  idea  of  the  nnivaae  in  which  we 
live. 

We  DOW  come  to  one  of  those  great  minds,  who,  in  the  realm  of  philoeo[4iy,  had 
a  vast  infioence  in  turning  the  thouD-hts  of  men  into  direct  channcda  I  allude  to 
that  distinin^shed  Frenchman,  Rene  Descartes. 

I  do  not  propose  to  inquire  into  his  axiom, '  I  think,  therefore  I  am ; '  into  hil 
conception  of  innate  ideas,  nor  into  his  theory  of  vortices^  but  would  merely  poiat 
out  wnat  may  be  almost  called  his  great  diBCOvei;,  namely,  the  applicatiitti  ct 
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or  conne  bis  freedom  of  thought  offended  vmj,  both  the  Jaanita,  in  whoee 
•chool  he  had  been  educated,  and  the  paston  of  the  Reformed  Oharcb,  among 
whom  he  liTed  in  Holland.  And  it  is  well  known  that  be  dela}(ed  to  giie  to  the 
world  some  of  his  beat  ideas  owing  to  the  waj  in  which  Galileo  had  heea  treated 
bj  the  Church. 

The  Enjtlish  philosophical  writer,  Tbontss  Hobbes,  bj  the  pabUcation  of  bis 
work  called '  The  LeTUthan,'  was  also  educating  the  minds  of  jGngliahmen  in  th* 
direction  of  sound  knowledge. 

It  isintereeting,  however,  to  note  that  the  new  ideas  had  not  as  yet  sank  deeply 
Into  the  minds  of  the  English  people. 

Shakespeare  remariur  'He  tost  is  giddy  thinks  the  world  tarns  ronnd' 
('  Taming  of  the  Shrew ").  Bacon  also  never  accepted  the  Coperuican  theory,  and  if 
we  turn  to  the  eighth  book  of '  Paradise  Lost '  we  find  that  although  Milton,  who 
had  visited  Qaliieo  in  Italy,  and  who  was  well  acquainted  with  the  theory  of 
Copernicus,  founds  bis  whole  poem  on  a  Ptolemaic  basis,  yet  he  was,  apparently 
from  the  words  which  he  puts  into  the  mouth  of  the  archangel  Raphael,  halting 
between  two  opinions. 

We  now  have  to  note  another  of  the  experimental  philosophers  in  Christian 
Hnygens. 

Up  to  his  time,  the  means  of  making  aocnrate  observations  in  which  time  was 
concerned  wasamoat  difficult,nay  almost  an  impossible, matter,  B*  bis  introduction 
of  the  pendulum,  assregulator  of  docks,  best  once  placed  in  the  hands  of  men 
of  science  one  of  its  most  valuable  instruments. 

His  work  on  the  centre  of  oecillatMn  and  the  cycloidal  corre  shows  how  deeply 
he  worked  out  the  theory. 

His  observations  on  double  refraction,  and  bis  promulgation  of  the  theory  of 
an  elastic  ethereal  medium  in  which  the  vibrations  of  light  are  carried  on,  plac* 
him  in  the  forefk>nt  of  the  obeervera  of  his  time. 

The  sagacious  Hooke,  Wren,  Wallis,  and  Newton's  great  master  Barrow,  as 
well  as  the  distinguished  Bo^le  and  the  indefatigable  01danbnigh,wereallcarrving 
forward  the  work  which  dutinciiisbee  this  period ;  and  when  we  look  back  to 
those  pleasant  meetings  at  Wadham  College,  Oxfoid,  during  the  Commonwealth 
we  contemplate  a  body  of  menworkingfortruesdence  whowere  tobethe  founders 
of  that  Roynl  Society  which  has  done  so  much  for  the  adTaneement  of  science 
throughout  the  world. 

The  labours  of  all  the  great  men  of  whom  I  have  yet  spoken  ware  at  this 
period  gradually  drawing  together  a  vast  mass  of  facts  which  required  some  com- 
mon esplanation.  The  rudiments  of  mechacicol  science  were  beginning  to  t«Bcb 
the  truth  as  to  the  laws  of  falling  and  oscillating  bodies. 

The  Ftolemsic  system,  with  its  complex  theories,  was  gradually  yielding  to  the 
accumulated  evidence  in  favour  of  the  Oopemican  evstem. 

The  erroneous  idea  of  drcuior  motion  had  yielded,  as  the  fruit  of  Kepler's  per- 
severing work,  (0  the  law  of  elliptical  orbits. 

But  yet  tbe  minds  of  many  men  were  still  directed  by  the  idea  that  the 
planets  were  carried  round  the  sun  by  some  inberent  force  in  themselves,  and  in 
tbe  some  very  imperfect  way  they  were  bi^inniug  griidually  to  think  that  this 
force,  be  it  what  it  might,  acted  in  inverse  ratio  to  the  square  of  the  distance. 

Matters  were  in  this  state  when  there  arose  the  greatest  aenius  that  the  English 
Tace  has  vet  produced,  the  retiring,  tbe  sensitive,  and  the  devout  Isaac  Newton, 
who,  acting  like  an  electric  spark  in  a.  mixed  and  chaotic  mass  of  vapour,  at  onca 
precipitated,  as  it  were,  the  confusion,  and  brought  to  light,  with  a  daziUng  bril- 
liancy, the  gravitation  ^eory,  which  not  only  accouniad  for  all  the  difficulties  which 
his  contemporaries  were  struggling  with,  but  at  one  bound  elucidated  those  many 


and  confusmir  motions  of  the  heavenly  bodies  which  had  hitherto  been  the  stum- 
ULng  block  of  observers. 

^  bis  discoveries,  for  tbe  first  tinw  an  accurate  scale  was  given  to  the  nnivert^ 
and  m  bis  statement  that  every  particle  of  matter  in  the  univeiM  is  Kttntcted 
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dinctljr  M  the  mtn,  ud  invsnel^  u  the  aquue  of  the  diattnoe,  ir«  Iuts  tail 
bci&n  the  world  once  end  for  all  time  a  auie  and  certain  guide  to  all  Um 
phenomena  of  nature. 

Re  reveals  to  ua  diatancea  incotnpreheniible,  and  magnitadM  which  tranaeeod 
the  moet  fanciful  ideaa  of  hie  predeceesora,  and  flowing  from  this  we  have  eata- 
bliahed  the  important  conduBLon  that  aa  for  as  matter  is  concerned,  whether  in  tba 
caae  of  our  own  planet,  in  the  aun,  in  the  migfatr  orba  of  Jupiter  and  Satom,  cr  in 
the  diotant  nebnln  and  itellar  maaaea,  the  whole  ia  goreraed  by  exact  law,  and  ta 
not  a  fort-Ditone  concourae  of  atoma,  or  the  leeult  of  aome  unexplained  and  iDex- 
plicable  Tortez  motion. 

We  majt  aay  of  him  in  the  word*  whitJi  I  hare  above  qnoted  fhun  Loeretina, 
'  the  living  force  of  hia  soul  gained  the  da; :  on  he  passed  far  bejrond  the  flaming 
walls  of  the  world  and  tzaveraed  throughout  in  miod  and  spirit  the  immeasniable 
uoiTaee ;  whence  he  retuma  a  conqueror  to  tell  ua  what  can,  what  cannot  ooma 
into  being ;  in  short  on  what  principle  each  thing  has  its  powers  defined,  its  deep- 
•at  bouudarj  mark/ 

We  most  now  turn  to  the  contemplation  of  a  great  thinker  who,  although  Dot 
a  acuntific  man,  has  yet  had  the  most  profound  inSuence  in  the  dimction  Mclear 
reasoning  of  perhaps  any  man  in  England  since  the  time  of  Bacon,  I  allude  to  the 
Ulustrious  John  Locke,  the  friend  of  Newton,  of  Boyle,  of  Uonmouth,  of  Somera, 
of  Clarke,  of  MontegU;  of  Pembroke,  and  of  Shafteehury,  admired  alike  by  Horace 
Walpole  and  hy  Voltaire,  and  the  trusted  friend  and  coundllorofWilliam  of  Orange. 

Intimately  connected  with  the  freedom  of  the  press  and  the  currency  of  this 
country,  one  of  the  first  commiBeionere  for  trade  and  the  colonies,  he  is  princw 
pally  custingniahed  by  his  charming  eaeay  on  '  The  Human  Underatanding.' 

Futtiog  aaide  the  metaphyucal  conception  of  Descartes,  he  laye  down  the  law 
that  all  our  knowledge  must  be  founded  on  two  principles,  experience  of  the  outer 
world  through  our  aeuaea,  which  he  calls  '  sensatioD,'  and  the  inner  working  of  the 
Blind  on  the  experience  so  gained,  which  he  calls '  re&ection.' 

To  his  dear  and  lucid  English  which  appeals  to  every  reader,  taken  in  oonjuno* 
tion  with  the  simple  beta  whuh  he  enunciatee,  the  English  nation  is  indebted  for 
mudi  of  that  commoD  aenae  and  freedom  from  fanciful  speculation  for  which  we 
ate  distiDgoihed  among  the  nations  of  the  world. 

At  the  end  of  the  seventeenth  century  Soyle,  Hooke,  and  many  others  of  their 
illustrious  contemporaries  were,  in  the  evly  days  of  the  Royal  Sociatv,  founding 
that  school  of  pbyBtcs  and  chemistry  which,  taking  the  place  of  the  alchemy  ana 
the  magic  of  the  middle  ages,  was  twing  gradually  moulded  into  shane  in  accord- 
ance with  true  induction  and  in  a  scientific  spbit.  But  little  had  yet  been  done  in 
the  study  of  the  earth  itaelf. 

Pliny  mentione  the  fact  that  foatil  shells  had  been  found ;  and  Leonardo  da 
Yind,  about  tbe  bwinning  of  the  sixteenth  century,  had  argued  that  theee  fosails 
were  the  remains  ofextinct  beings,  and  not  liwa  aatura  formed  by  the  action  of 
the  atara  on  the  plastic  substance  of  the  earth ;  nor,  as  taught  by  the  Church, 
shells  dropped  from  the  hats  of  pilgrims  on  their  way  from  the  Holy  Land. 

And  even  at  the  end  of  the  eighteenth  century  Johnson  spoke,  as  it  will  ho 
remembered,  of  people  engsged  in  such  a  study  as  '  fosailists.' 

"We  are  indebted,  however,  for  right  thinking  on  truly  scientific  lines  to 
Hutton,  to  Playfsir,  to  Werner,  snd  to  Cuvier,  who  about  the  end  of  the 
eighteenth   century  began  to   formulate   distinct  and  clear  conceptions  on  the 

The  rocks  of  which  the  earth's  crust  was  composed  were  gradually  being 
divided  into  aqueous,  plutonic,  and  metamorphic. 

It  was  dearly  estaolished  that  among  the  aqueous  depoeite  the  various  atrata 
contained  fo^aits  difierent  both  in  kind  and  in  apeciea  irom  those  of  living  beinga- 

To  our  illustrious  countryman  William  Smith  we  are  indebted  for  the  firat 
geological  map  of  Central  and  Northern  England. 

Controversies  arose  as  to  how  tbe  great  succession  of  events  which  accurate 
Inquiry  was  unfolding  to  Our  knowledge  was  produced:  whether  upheavals  and 
depresaons  in  the  earth's  crust  were  due  to  sudden  catadyama,  diriding  and 
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■bntliDa;  off,  m  it  vera,  each  sncceaaiTe  period  from  those  which  pretwdad  or 
■ncoeeded  it;  or  whether,  u  aome  inugined,  they  wera  the  naolt  of  the  Noachita 
delum. 

And  in  the  beffinmng  of  this  centuTjr  fierce  disciusiona  arose  u  to  whether  or 
not  the  whole  tandenc^  of  tbeee  inTestifrationa  was  cot  intensely  irreligioni,  aa  it 
appeared  to  be  at  variance  with  the  account  of  the  creation  M  piven  by  Moaea. 

In  1830  to  1833,  however,  hy  the  publication  of  hia  'Prinaplea  of  Geolc^,  or 
the  Modem  Changea  of  the  E^h  and  ita  Inliahitanta,'  Sir  Gharlea  Lyell,  followiur 
on  the  linee  laid  down  hj  Hutton  and  Playfair,  in  the  most  philoeophie  spixn 
proved  beyond  a  doubt  that  all  the  great  changee  which  ^1(^  diaeioaed  were 
the  outcome  of  the  action  of  those  forces  of  natnK  whir^  we  aee  around  nS, 
ojieratinf  with  greater  or  less  energy  thronghont  long  ngea. 

LyeU  did  not  attempt  to  theorise  on  how  or  why  the  remuns  of  extinct 
animals  and  plants  succeeded  each  other  in  the  rocks,  but  he  pointed  out  in  the 
moat  ptBciae  manner  that,  whether  we  take  the  priinuT,  the  seoondaiy,  or  th.^ 
tertiary  periods,  the  different  series  of  o^;anisins,  of  whien  we  find  the  remains, 
were  eaco  distinctive  of  iu  particular  lone ;  and  that  as  we  examine  the  tertiary 
strata  their  characteristics  become  more  and  mora  similar  to  the  ■ntmaU  and 
plants  which  we  see  around  ua  at  the  present  day. 

Newton  had  taught  us  that  the  aum  of  space  throughout  the  universe  is  prac- 
tically unlimited,  and  that  the  whole  is  governed  by  taw  and  not  caprice. 

The  teaching  of  geology  has  instructed  us  in  a  somewhat  aimitar  way  that  the 
time  over  which  the  present  forces  of  nature  that  have  tended  to  fonn  the  earth, 
aa  we  now  see  it,  have  operated,  ia  to  be  measured,  not  by  6,000  years,  hnt  by 
mai^  millions  of  years. 

I  do  not  pretend  to  enter  upon  the  vexed  queation  of  bow  many  millions  of 
yean,  but  what  I  wieh  to  direct  four  attention  to  is  that,  as  astronomy  teaches  on 
almoet  infinite  space,  geolc^  teaches  not  pei^ps  an  inGnit«  but  a  vastly  extended 
period  of  operation  almoat  beyond  the  graap  of  tne  human  mind. 

I  have  spoken  above  of  the  action  and  interaction  of  the  thoughts  of  our  pre- 
deceeaors  and  our  contemporaries  in  forming  and  originating  new  scientifie 
conceptions  in  difierent  periods. 

A  curious  example  of  this  is  to  be  found  in  modem  science. 

Malthas  published  hie  essay  on  population  in  1798,  Sir  Charles  Lyell  hia 
'  Principles  of  Geologv '  in  1830  to  183S. 

The  great  Charles  "Darwin  has  told  ua  that  it  was  by  the  study  of  these  two 
nooks  that  he  waa  firat  led  to  contemplate  those  changes  in  nature^  and  to  amsA 
that  vast  collection  of  acientiflo  tboueht,  which  resulted  in  '  The  Origin  of  Species',' 
pnbliahed  in  18C9,  coincidently  oorrooorated  by  the  illuBtrious  WsUaoe. 

The  co-operation  of  theaa  two  great  tbinkarg,  the  graceful  way  in  which-  the 
younger  gave  place  to  the  older  observer,  marka  an  advance  in  the  kindlier  feelihp 
of  contemporaneoug  scientifio  workers,  in  marked  contrast  to  the  virulent  and  «ftai 
acrimonious  controversies  which  characterised  the  period  of  Deacartea  and  Newton. 

I  am  not  going  to  enter  into  a  description  of  the  Darwinian  bypotbeda,  but  It 
is  sufficient  to  say  that  putting  on  one  side  fur  a  moment  the  details  with  which  it 
deals,  the  teaching  of  Darwin  has  produced  during  the  lost  thirty  yeoia  an  entire 
revolution  in  our  ideas,  whether  we  look  at  them  in  literature  or  in  sdenee_,  by 
which  we  begin  to  understand  bow,  in  the  long  seriea  of  past  ages,  tbe  varions 
organiams  which  we  find  in  tbe  fossil  state  have  passed  gradually  and  almorit 
imperceptiblv  from  a  lower  to  a  higher  state  of  organisation.  And  posaihly  in  the 
teaching  of  bur  great  countryman  we  see,  for  the  first  time,  perhaps,  in  a  aome- 
what  dim  and  distant  way,  a  scientific  reason  for  the  origin  oi  those  innate  ideas 
which  formed  so  large  a  portion  of  the  teaching  of  that  great  Frenchman  Rend 
Descartes. 

And,  agam,  we  see  in  the  teachings  of  science  the  reiterated  lesson  that  nature 
works  by  alow  degrees  in  an  orderly  and  r^ulsi  auccession,  ever  advancing,  ever 
improving,  and  not  by  spasmodic  jerks ;  and  the  train  of  aucbideaananmllylaada 
the  mind  to  Uie  contemplation  of  a  future  mora  perfect  and  more  beaatifol  in  all 
that  is  good  and  true. 

~    1900.  ^  8k  ;' 

n,gti7cdT:C00glC 


And  in  tlu  ■watia  of  TaniiTKii  «s  may  taj— 

Tel  I  doubt  not,  ibiongh  the  age*  one  increwing  pnipMe  raw. 
And  the  titongbti  of  men  >ra  ^dened  with  the  prooeM  of  the  eanc. 

.   It  u  not  n)7  object  to  tnoe  the  advince  of  science  in  til  it^  bnncbee  down  to 
the  preaent  time. 

I  here  ebore  indicated  the  general  linee  along  vliich  the  human  mind  baa 
advaiuied  in  laying  tbe  foaadationeof  oui  modem  viem;  but  eo  intimately  are  w^ 
as  enginMrij  connected  with  all  the  acieocea  that  I  must  just  refer  in  the  biefert 
manner  to  tne  deTelopmuit  of  chemical  science  aa  it  gtev  out  of  the  teadiing  of 
Aristotle  and  Oalen,  that  then  were  foot  elements,  to  the  acid  and  alkaline  di^ 
ooTeriea  of  Sylviiu,  through  the  tearhing  of  Geoffrey  and  Stahl  of  the  phlogiitie 


We  then  hare  the  diiooTery  of  ozrgen  by  Frieetley,  and  fixed  air  by  Black  and 
.anndiih,  oompoailioa  of  water  by  daveadiah,  Watt,  and  LaToiaier,  followed  by 
Dktj  and  Dfdtoo,  the  latter  of  whom  formed  our  preaent  conception  of  the  atomic 


thoOTT  and  the  oomtunation  of  the  elemeotB  in  their  true  proportiooe. 

ThTongh  Davy,  Faraday,  and  Tyndall  we  gradually  arrive  at  onr  electio- 
ehenucal  ideaa  of  the  preeent  day. 

Wa  laat  year  had  ao  lucid  an  expoaition  from  Profeawr  Fleming,  at  Dover,  of 
the  Bttfch  of  progreea  in  electrictl  science  duriog  the  past  century  that  it  would 
be  pnanmption  on  my  part  to  attempt  to  recapitulate  even  the  namea  which 
aztand  from  William  Gilbert,  in  the  sixteenth  century,  down  to  the  discoveriee  at 
Harti  of  the  preMUt  day-  But  I  may  be  permitted  to  point  out  that  &om  the  time 
of  Vdta,  Am|i^  and  Oented  the  rapd  progreae  which  electrical  sdence  baa  made 
baa  been  due  in  no  anMll  meaaon  to  the  manner  in  which  ita  ezpeiimenta  hare 
been  treated,  on  atrictly  mathematical  linea,  by  the  master  minds  of  such  man  aa 
Uazwell  and  Kelvin,  until  at  last  we  arrive  at  the  demonstratioD,  long  foret^, 
of  the  wave  theory,  wliicb  renders  wireless  tel^raphy  an  accomplished  net. 

IJght  to  the  engineer  has  at  all  timee  been  of  supreme  importance,  and  on  the 
chart  we  may  acan  the  names  of  thoee  who  have  advanced  our  tdentific  knowMfte 
<tf  it  from  Galileo,  Descartes,  HuyBens,  Gregwy,  Newton,  up  to  Roemer  who  d»- 
ooreiad  ita  veloa^,  then  Hallej,  Hersehel,  and  ibo  illnatnoua  Thomas  Toung  who 
Tavivad  and  Frenud  who  perfected  the  nndulatory  theory,  until  at  last  we  oome 
to  those  myateriona  Fmunnofer  lines,  previonaly  noticed  1^  WoUastoo,  interpreted 

S  Bonsan  sod  Kiidiboff  in  1660,  andT  applied  aa  an  aid  to  chemisttyintheaaalyaea 
terraatiial  and  celestial  bodiea. 

Ib  tba  theory  of  heat  we  have  the  experiments  of  Cavendish  and  Priestly 
itmstigated  by  Oount  Rnmfoid,  illnttrated  by  ^ndall,  and  bearing  &ait  in 
Jwde's  Tpr'h'"'"'  eqnivalent. 

Pvh^aoBeof  the  allied  sdencei  appears  M  distant  from  our  own  piofeanon  w 
that  of  physiology. 

The  discovery  of  Harvey  ^vM  us,  however,  a  beautiAil  insight  into  animal 
mechaaics ;  and  the  observations  of  Leeuwenhoek  about  the  year  1700  first  bring 
na  into  contact  vnth  those  minute  orgatdsma  which  he  discovered  by  means  of  the 
micmaoope,  and  which  an  now  found  to  play  so  large  a  part  in  ttw  economy  of 
natara. 

Up  to  within  the  last  twenty  years  it  was  generally  held  tiiat  deftd  orgaine 
matter,  animal  and  vegetable,  oould  but,  in  the  words  of  Shakespeare,  'lie  in  cold 
obstruction  and  rot,'  this  process  being  assisted,  it  was  assumed,  by  cbaaical 
oxidation;  and,  uotil  the  researcheH  of  Paaleur  and  Koch.we  were  entirely  ignnaat 
of  tbe  fact  that  nature  had  at  her  command  countless  millions  of  orgai ' 
always  reducing  the  effete  products  of  animal  and  vegetable  life  ink  into  b 
elements. 

The  tendency  of  later  yeara  has  dearlr  been,  whether  we  look  at  tha  links 
which  unite  heat  and  work,  dtemistry  wito  electrioity  and  magnetism,  and  light 
with  both,  or  physitdogy  with  chenisby,  to  obliterate  those  boundary  liiMn  wbxk 
<m  bsTe^beeB  accustomed  t«  legaid  as  fixed,  aaj&om  the  time  of  the  pnHicatam 
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«f  Sir  W.  GrtiTe'a  comlfttion  of  the  pbysiod  forces  in  1846  we  b&ve  made  con- 
tinued edTuicet  in  the  sune  direction. 

What  the  future  may  have  in  store  for  U4  we  cannot  tmajrine,  bat  cleatly  if  w« 
compare  the  fact«  known  at  the  commencement  of  the  nineteenth  century  with 
thoae  in  our  poeaeaBion  at  the  b^nninr^of  the  twentieth  centurv,  we  may  look 
forward  to  a  Btill  richer  harvest  of  what  Bacon  calls  '  fruita.' 

Lookinir  back  upon  the  facts  that  I  have  been  enabled,  and  I  feel  so  imperfectly, 
to  brinf[  before  you,  I  hare  '  to  answer'  the  question  with  which  we  set  out. 

Modern  scientific  tbou)^ht  is  dne  to  an  inquiry  into  Nature  and  her  works, 
irrespective  of  all  preconceived  theories,  and  the  breaking  awa;  from  the  authority 
which  other  departments  of  human  tbouffht  and  faith  have  in  former  ages  imposed 
upon  some  of  the  earlier  inquirers  into  science. 

Faith  in  reli^rion  has  been  defined  as  '  the  substance  of  thlnf^  hoped  for,  tha 
evidence  of  thinfn  not  seen,'  which  is  altogether  apart  from  the  other  and  irider 
faith  with  which  the  scientific  inquirer  contemplates  that  vast,  that  stupeudona, 
that  beautiful  univerM  which  has  been  revealed  to  him  by  the  teaching  of  his  pre- 
decessors, and  which  inspires  him  with  those  hopes  to  which  I  have  just  alluded. 

On  the  teaching  of  the  ancients  Bacon  remarks:  'The  opinion  which  men 
entertain  of  antiquity  is  a  very  idle  thing,  and  almost  incongruous  to  the  world ; 
for  the  old  age  end  lengtJi  or  days  of  the  world  should  in  reality  be  accounted  anti- 
quity, and  ought  to  he  attributed  to  onr  own  times,  not  to  'he  youth  of  the  world 
which  is  enjoyed  among  the  ancients,  for  tbat  afre,  though  with  respect  to  us  it  be 
ancient  and  greater,  yet  with  regard  to  the  world  it  was  new  and  tws.' 

This  idea  is  perhaps  mora  and  more  beautifully  expressed  by  Tennyson  in  the 
Woids  '  I,  the  heir  of  all  the  ages  in  the  foremost  files  of  time.' 

And  in  another  respect,  talcing  Bacon's  teaching  which  he  so  often  reiterates,  as 
being  a  search  after  fruits,  we  must  not  imagine  that  the  fruits  of  which  he  speaks 
are  necessaiUy  to  be  gathered  in  by  the  worker  himself.  For  the  pursuit  of  true 
science  is  often  hindered  by  the  too  greedy  effort  to  grasp  the  sordid  rewards  of 
the  present,  and,  alas  !  Bacon  himself  will  ever  stand  as  a  most  painful  example 
of  the  depth  of  degradation  to  which  even  the  highest  minds  may  fall. 

We  must  leam  from  Nature  what  ahe  Js  con'ioually  teachinic,  that  her  efforts 
are  directed,  not  solely  for  the  beneSt  of  the  individual,  hut  for  the  welfare  and 
the  advancement  of  the  race. 

The  fruits  and  the  rewards  which  grow  from  a  study  of  Nature,  and  a  truly 
scientific  effort  to  expound  her  laws,  are  of  a  higher  and  a  wider  scope. 

And  in  contemplating  the  work  of  the  great  men  of  the  ^t  witn  whose  namea 
we  have  been  so  freely  dealing,  looking  at  the  present  attitude  of  the  sdendfio 
mind,  and  our  share  in  the  application  and  directing  of  those  great  sources  of 
power  in  Nature,  we  may  say  : 

'  Ho  more  a  wind-boms  leaf  upon  the  wave* 
Of  time  and  chance,  but  one  to  whom  is  given. 
To  help  the  mighty  purpose  of  the  world, 
To  straighten  croofced  paths,  to  smooth  the  hlUa 
or  sin  and  sorrow,  that  on  some  bright  day 
The  great  wheels  of  the  world  may  mn  their  coarse 
Without  one  jai  or  check.' 


The  following  Papers  were  read  :^~ 

1,   Water  Supply,  vtitK  a  Degeription  (ffthe  Bradjwd  WaterKorkt. 
By  J.  'Watbon,  M.Iml.C.E.'- 


2.  TlteDispoaalofHoKaeRefiueinBrad/ord.  Bif3McT^aQAB.T,A.M.IM.K 
The  author  gave  particulars  as  to  the  quantity  of  refuse  collected,  the  quantit/ 
destroyed  by  the  deeb'uctora,  and  of  the  quantity  tipped  or  sold. 

'  PabUabed  in  ealanw,  Bradford,  1900.  ,-.  .  • 
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Puticnlan  wer«  given  u  to  the  number  and  capaatj  ot  lefiue  deatmetoit  ra 
Bndfcnd,  and  a  complete  dasoiption  of  the  Hammerton  Street  deetenctor,  and  the 
mulU  of  a  sereu  daji'  test  on  this  destnictor  were  supplied. 

The  utilisation  of  tbe  reuduum  or  clinker  from  the  deetnuton,  ita  nee  ia 
nortar  matdug,  and  the  clinket-cruahing  and  fcreaniog  machinerj  were  deacribed. 

A  ahort  account  waa  al*o  giTen  of  the  utilisation  of  the  steam  produced  W  the 
dMtracton,  and  B  dMcriptjon  of  a  new  deatrnctor  in  coaree  of  eiMtum  at  Sonibfield 


FRIDAY.  8EPTBMBBB  7. 
The  ibUowing  Papen  were  read  ;— 

1.  Reiiglaiux  of  Road  VehicUt  to  TVoefvon. 
Sy  Profeaaor  Hblb  Shaw,  LL.D.,  i:£.S. 

About  the  time  of  the  general  introduction  of  railways  conuderable  attMitioQ 
waa  directed  to  the  nature  of  the  resistances  encountered  by  vehicles  upon  tha 
common  road,  and  the  TeseaTchesof  Correie,Edf;ewortb,Coriolis,  Morin,Tredgokl, 
Du^uit,and  others  must  be  regarded  as  havicg  thrown  conuderable  li)tht  upon  tha 
•ubject.  From  time  to  time  recently  others  have  done  work  in  this  direction,  but 
there  is  no  doubt  that  the  attention  directed  to  traction  on  railways  has  thrown 
the  scientific  investigation  of  the  subject  of  common  roads  almost  entirely  into  the 
background.  During  the  last  few  years,  however,  it  has  been  realised  t^t  there 
wu  a  great  field  for  the  development  of  traction,  and  particularly  by  mechanical 
means  upon  the  common  roads,  and  the  improvement  which  has  been  quietly 
taking  place  in  the  construction  and  maintenance  of  roads  is  a  feature  of  national 
importance.  Not  only  is  the  condition  of  the  pavements  in  the  dties  and  town* 
much  improved,  but  in  out-of-the-way  distncta,  auch  as  in  the  hilly  parta  of 
Oumbprland  and  Westmorland,  the  use  of  steam  rollera  by  the  County  Conueils 
hu  e&ected  vast  improvement  io  the  state  of  the  rosds.  Various  causes  have 
contributed  to  this  result,  but  it  is  worthy  of  notice  that  whereas  when  tha 
coaching  davs  became  comparatively  a  thing  of  the  past  the  roads  fell  into  neglect, 
BO  now  the  mcreasing  number  of  cyclists  and  tounsts  who  visit  country  ;^acea 
tm  an  anpieciable  lactor  worthy  of  consideration  end  encouragement  by  tbs 
local  autnorities.  The  recitnt  remarkable  and  growing  development  of  motor 
vehicles  with  a  legal  limit  of  speed  as  high  as  twelve  miles  an  hour,  and  tha 
generally  increased  speeds  of  tram-cars  in  cities  owing  to  the  introduction  of 
electricity  and  steam,  give  some  reason  for  thinking  the  general  rate  of  speed  on 
common  roads  may  reach,  or  even  exceed,  the  present  legal  limit  applying  to  motor 


vehicles.  As  showing  the  mechanical  possihilitisa  in  this  direction,  it  mav  b 
pointed  out  that  quite  recently  in  France  between  forty  and  fifty  milee  an  noni 
has  been  aafeiy  maintained  for  more  than  300  milra  upon  the  common  road. 
Such  a  speed — or  anything  approaching  to  it — would  not  be  allowed  in  thia 
country,  but  the  fact  rKmains  that  it  is  possible  with  safety.  With  heavy  traffic 
the  iegid  limit  for  a  self-propelled  waggon  of  about  two  tons  tare,  capable  of  carry- 
ing several  tons,  is  no  less  than  eight  miles  an  hour,  and  the  heAviest  tiatGc  with 
a  tare  limit  of  vehicle  of  three  tons,  probably  carrying  a  load  of  eight  or  ten  more, 
is  as  high  us  tive  mili^  an  hour. 

These  facts,  and  the  introduction  generally  of  mechsnical  propnlmtHi,  point  to 
the  necessity  of  having  a  fairly  complete  knowledi^e  of  the  resistance  of  GomnaoD 
roodti  of  various  kinds  upon  different  classes  of  vehicleii  moving  at  different  ep<>ed8. 
In  the  brief  historical  account  piven  by  the  author  of  what  has  bitberto  been 
done  in  this  direction  it  will  he  seen  that  the  eiperimental  meana  of  traction  baa 
without  exception — as  far  as  the  author  is  aware — Wn  limited  to  tractJon  by 
horses ;  and  as  at  any  rate  the  earlier  eipeiiments  were  made  with  the  view  of 
faoree  traction,  only  two  speeds  were  taken  into  account,  vii.,  walking  and  trotting. 
Considering  the  variation  in  speed  of  horses  nndeitheae  two  conditions,  these  tenna 
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cmnot  be  lud  to  expn»  ujUuDg  very  definite,  and  certainlf  ■ffbid  no  g  ._. 
vbAterer  u  to  the  nButance  of  wlf-propeUed  Tehiclas  At  ▼■rious  speeda.  A^ia 
io  Kooit  rean  Itive  aectioiu  of  cities  huTe  been  paved  with  asphalte  and  «ood| 
wbile  the  Ujinj;  of  aetta  or  atone  pavementa  haa  unoergone  conaidemblo  modi. 
fioatioB,  which  u  letdilj  Been  by  an  examinalion  at  a  modern  street  and  one  of  ten 
01  fifteen  yean  ago.  Another  modern  development  ia  the  introduction  of  aolid 
indi&iubber  and  pneumatic  tyrea,  which  were  at  firat  regarded  merely  aa  a  luxury, 
bat  have  noiw  proved  to  be  an  important  factor  in  the  life  of  the  vehicle,  aa  well 
aa  of  ita  rsBiatimce,  this  being  ao  much  the  cose  that  efibrta  have  from  time  to  tima 
been  made  to  introduce  the  use  of  indiarubber  tyres  upon  tiaction  enginea. 

Beyond  the  foregoing  pointa,  which  have  not  been  brought  under  inveatigation 
in  connection  with  the  reaiatance  of  Tehtclea,  no  attempt  appears  to  have  been 
made  to  asc-rtain  the  extent  to  which  the  varioua  factora  ot  renatance  relatively 
atteci  the  whole  result.  Now  it  ia  evident  that  as  the  higher  epeeda  are  oaed,  and 
the  weight*  am  iucMaaed,  vibration  and  ahoeh  become  more  and  more  important ; 
thna  the  reeiatanoa  due  to  the  rim  of  the  wheel,  and  the  waya  in  which  it  can  be 
net  I7  mechanical  contrivancea,  muat  be  regarded  aa  quite  adifforent  problem  from 
tliat  of  the  apringa  attached  to  the  body  of  vehiclea,  and  some  diatinction  mnat  b* 
made  between  the  redatances  aa  affected  by  each  of  the  foregoing. 

Enongb  haa  been  aaid  to  show  that  there  ia  not  only  matter  for  an  inquir* 
irtikh  would  be  welcraned  by  makera  of  road  vehicles,  eapecially  of  adf-propelled 
rood  T^iicles,  but  that  aucb  an  inveatigation,  if  it  is  to  be  of  any  real  value,  muat 
be  thorough,  and  rec^uirea  not  only  aome  expenditure  of  money,  but  cannot  well  be 
undertaken  bj  any  smgle  individual.  The  great  interest  which  waa  excited  l» 
the  paper  read  by  Mr.  Tfaomeycroft  at  the  last  meeting  at  Dover  of  the  Britiu 
Aaeociation,  and  the  previous  communicationa  which  have  paaaed  between  th« 
anthor  and  the  Freeident  of  this  Section,  who  ia  himself  a  high  authority  upon 
the  queation  of  roada,  have  led  to  this  matter  being  brought  forward  with  th* 
idea  of  forming  a  committee  of  the  British  Asaociation  for  the  investigation  of 
road  reaiatance. 

In  order  to  fadlitata  the  work  of  the  Oonunittee,  aanmmaiy  of  previona  invead- 
^tiona  in  tbia  anbject  haa  been  prepared,  which  can  be  laid  before  the  membeiB,  if 
It  ia  formed.  Some  preliminary  experimenta  have  alao  been  made  with  a  view  to 
obt«ining  aome  idea  of  the  natn>«  of  the  ^paratua  requiiedi  and  the  amount  ct 
ezpenae  likely  to  be  entailed. 

^^liminary  Sxperinuntt. 
AlluMon  haa  been  made  to  the  fact  that  all  the  previoua  experimenta  have  been 
fwrformed  by  meana  of  the  traction  of  horaea :  it  aeemed  with  the  introduction  of 
powerful  motor  cara  it  might  be  able  to  pull  steadily  any  vehicle  at  any  required  ' 
apeed.  Thi'i  idea  really  forms  the  chief  feature  of  the  propoaed  experiments,  as  it 
ia  evident  that  if  one  motor  car  ia  not  sufficient  two  or  more  could  be  hameaaed 
to  the  vehicle  which  ia  to  be  drawn.  In  order  to  aacertain  bow  far  this  idea  wai 
practicable,  Hr.  J,  A.  Holder,  of  Birmingham,  who  owna  a  12  h.p.  Daimler  car, 
waa  kind  enoush  to  visit  Liverpool,  and  on  Tuesday,  Wednesday,  and  Thursday, 
July  17,  18,  and  19,  a  series  of  experimenta,  in  whicn  the  author  waa  assiated  by 
two  former  studente,  Mr.  Humfrey,  B.Sc.,  and  Mr.  Cormack,  B.Sc,  were  made, 
Mr.  Holder'a  autocar  towing  the  author's  New  Orleana  Voiturette.  Theee 
experimenta  took  place  over  roads  of  aephalte,  wood,  aetta,  and  macadam  in  the 
neighbourhood  of  Live)^ool,  both  level  and  up  the  ateepest  gradients  which  could 
be  found,  viz.,  Everton  Brow,  the  details  of  which  were  given  in  a  wall  diagram. 
It  will  not  aerve  any  uaeful  purpoxe  at  present  to  give  the  detailed  resulte  of  theee 
experiments,  as  they  were  obviously  incomplete,  and  pointed  to  the  absolute 
neceaaity  of  more  elaborate  apparatus  of  a  self-recording  nature ;  but  it  may  be  of 
intereet  to  explain  the  apparatus  actually  employed,  ao  aa  to  indicate  what  will  be 
required  to  insure  satisfactory  loanlta. 

The  apparatus  consists  of  two  parta,  which  were  illoatrated  by  wall  diagrams 
(1)  a  dynamometer,  and  (2)  a  apeed  indicator ; 

Dynamomeftr. — This  cooriated  of  an  ordinary  spring  balance,  the  back  of 
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WMoh  wta  rirflted  to  &  cjliuder  of  a  smill  iteam  engine  which  icted  U  ■  diik- 
pot.  The  ports  of  the  ateam  cjliuder  irere  closed  ap,  and  a  anall  hole  diillad 
uto  the  pitton  waa  found  qiiita  eiifficient  when  the  t^linder  was  filled  with  wl  to 
check  the  tree  oecillaitiona  of  tlie  ipring, 

•^>eed  Indicator. — The  Bpeed  indicator  wu  a  Schaffer  and  Badenbniv  tacho- 
meter to  which  a  temporary  wooden  wheel  waa  attached,  and  ■  special  dial  iri* 
made,  ao  that  iQBtead  of  indicating  rerolutiona  per  minute  the  milea  per  hour  K 
which  the  vehicl«  waa  traTeUing  were  at  once  made  viaible.  The  mode  of  con- 
ducting the  eiperimeats  is  shown  by  a  photograph.  A.  rope  about  20  feet  loK 
waa  attached  to  the  Voiturette  and  eounactad  with  the  dj namomeler,  the  dill  (a 
which  an  observer  waa  able  to  read.  At  the  same  time  a  aecand  observer  called 
oat  the  actual  speed  of  the  vehicle  at  that  instant  and  tha  nature  of  the  road 
which  was  beine  pasied  over,  which  were  recorded  \tj  the  first  otMenei  in  his 
notebook,  togetner  with  the  puU  on  the  dyDamoowter. 

The  net  result  of  the  ezperimeDts  showed  that,  even  on  appaisntly  tha 
■moothest  road,  the  Tsriation  in  the  pull  waa  so  conaiderabla  that  nothing  bat 
appliances  whidi  would  record  autographicallj  both  the  pull  and  velodtj  at  ths 
same  instant  and  indicate  also  the  distance  travelled,  bo  as  to  idanti^  the  eiiet 
|Hece  of  road  coneepondiug  to  the  record,  would  be  of  anv  value.  Moreover,  it  nu 
evident  tbat  some  au'ographic  record  of  the  nature  of  the  road,  as  well  as  sobs 
instrument  for  recording  the  vibration  of  the  vehicle  which  was  being  towed,  was 
necesBSfv  in  order  to  form  some  estimate  of  the  effect  of  vibratiun  upon  the  r«Bit- 
ance.  With  such  appliances  the  pull  on  wagfrons,  lorries,  ordinary  vehicles  wiA 
iioD  rimi,  pneumatic  and  indiarubber  tyres,  could  be  investigated  for  any  speed, 
tod  it  is  not  too  much  to  hope  tbat  some  definite  idea  of  the  laws  concerning 
traction  mi^ht  be  found,  with  the  efiect  of  aprings,  tyres,  and  the  suifikce  of  tht 
load  taken  into  account. 


2.  The   Yiagraph.     By  J.  Browit. 

The  viagraph  is  an  instrnmetit  for  indicating  the  degree  of  unaTennesa  of  lOld 
■nrfaces,  and  consists  in  principle  of  a  straight  edge  to  be  drawn  along  tba  road 
Bor&ce  and  provided  with  a  profiling  wheel  running  on  the  surface,  the  vertical 
motions  of  which  are  traosmitted  to  a  pencil  markii^  on  a  paper  band,  draws 
under  its  point  by  a  drum  revolved  by  gear  counected  to  the  proGlmg  wheel.  The 
result  is  a  profile  of  the  road  surface  full  size  vertically,  and  J  inch  to  1  foot 
horizontally.     Means  are  provided  for  indicating  the  sum  of  the  vertical  n"*^*"* 


&8  yards  of  road.     This  length  is  automaticallv  measured  by  the  instrument,  ai 
an  alarm  bell  rung  when  it  has  been  traversed.     Speculations  as  to  the  eaoMs  of 
usevenness,  the  proper  make  of  wheels  and  springs  for  a  given  nnevennen,  sad 
calculations  of  the  horse-power  absorbed  in  traction  due  to  unevenneas  may  1« 
founded  on  the  indications  of  the  instrument. 


3.  A  Sdf-regiaUring  Rain-gauge.    By  W.  J.  E.  BiHinR. 

This  rain-gauge  i«  constmcted  so  as  to  re^ster  the  rate  of  rainfall  at  >ny 
moment  by  means  of  the  drops  falling  into  the  intsiior  of  the  gauge  tmta  tha 
orifice  of  the  collectinff  funnel! 

The  weight  of  each  drop  depends  upon — 

1.  The  surface  tension  between  air  and  water. 

2.  The  dimensions  of  the  orifice. 

3.  The  interval  which  separates  the  fall  of  Che  drops. 

1.  The  sur&ce  tension  varies  with  the  temperature,  amounting  to  ahoat  lAt 
per  degree  Fahr ,  giving  a  probable  maximum  error  of  1^  per  cent. 

3.  The  influence  on  the  size  of  the  dropa  of  the  Interral  bemeo  the  bll « 
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ucli  ia  nty  nuaked  ivhen  th&t  intoml  u  lees  than  fire  lecondB:  but  tlta  nUtlr* 
ditunnouB  of  the  fnnoel  and  th«  orifice  ua  so  ehoaen  that  luflBtent  iftturil  for 
the  fonnation  of  the  drop  ia  allowed  even  with  very  hesTj  tainfidla. 

Th«  funnel  ia  so  arranged  aa  to  discharge  into  a  tube  ctOit^nlnff  tlia  drop 
fbrmer.  Fiom  ths  orifice  of  the  drop  former  each  drop  falls  and  ImpTaoea  on  a 
pan  nrried  at  one  end  of  a  counter^baUnced  larBr,  The  momentoifl  of  the  dim 
strikiiig  the  pan  causes  that  end  of  the  lever  to  be  dBpreesed,  so  thaX  a  imail 
pointer  rigidlf  attached  to  the  lever  dips  into  a  cnp  of  mercury,  closing  tba 
electric  urcuit  to  the  recdver.  The  counter-balance  Uien  brings  the  lever  back 
to  its  original  poeitiou  in  which  the  circuit  ia  broken. 

The  rain,  alter  falling  from  the  pan,  passes  into  a  collecdng  VMsel  hj  neaM 
of  which  the  readings  can  be  checked,  and  which  would  also  obviate  the  loss  ct  k 
racOTd  in  case  of  anything  gcong  wrong  with  the  instnimenb 

In  this  way  each  drop  as  it  &Ils  acmds  a  current  thioogh  to  the  ncdTor,  irtiiell 
may  be  placed  anywhere. 

The  receiver  ccnnata  of  a  drum  driven  by  clockwork,  to  which  3s  attached  a 
diagram  in  the  ttsiial  manner.  This  diagram  is  divided  vertically  into  tima 
intervals,  and  horizontally  so  as  to  read  in  inches  of  'rainfall,'  the  scale  being 
dspandsnt  on  the  rdative  dimenmous  of  the  collecting  funnel  and  drop  former. 
Each  current  transmitted  to  the  receiver  works  an  electro-tnssneiic  escapement 
in  such  ■  manner  as  to  move  a  pen  on  the  diagram  through  a  certain  spaM 
vertically. 

By  this  meant  the  total  rain&ll  and  the  variations  of  rate  of  t^nlaU  m 
Mgistered  on  the  dmm. 


4  The  Coal  Fiddi  and  Iron  Ore  D^oaiU  of  the  Provineea  of  Shami  Oihl 

ffonan  and  Propota-^  EaUway  Cotutruction  in  China,     By  J.  G.  H. 

Glabb,  CLE. 

Iha  general  oltject  of  this  paper  was  to  furnish  information  respect^  the 
Opening  up  by  British  capital  of  tne  two  large  provitiees  of  Shansi  and  Bonaiii 
and  developing  the  vast  and  practically  nnparalleted  mineral  wwUth  they  contain, 
by  the  construction  of  a  system  of  railways,  starting  ttcaa  the  coal-fields  of  Shanai 
and  connecting  with  the  Tangtzi  River  opposite  Nanking  on  the  south-east  and 
the  Wei  IUtbt  on  the  east,  at  a  place  called  Taokou.  At  the  propoeed  terminus 
opposite  Nanking,  the  Yangtxi  Biver  is  open  to  sea-going  vessels,  and  at  Taokoa, 
the  other  terminus,  the  Wei  River  is  now  navigable  for  bargee  having  a  capamty  of 
from  twenty-five  to  thirtj'  tons  as  a  maximum,  and  by  the  expenditure  of  a 
moderate  sum  In  deepening  and  widening  certain  parts,  navigation  woold  be 
greatly  improved.  The  lar^  and  commercial  town  of  Tientsin  is  reached  ftom 
Taokou  by  means  of  the  Wei  River  and  the  Qrand  Canal,  on  both  of  which  ther* 
is  free  navtcation  throughout  tbe  year,  excepting  for  a  short  psriod  in  the  winter 
of  varying  duration,  when  it  is  closed  I^  ice.  The  coal-fields  will  thus  be  Isougfit 
into  commnnication  with  the  seaboard  at  Nanking  in  the  sooth  and  Tientein  ia 
the  north.  The  railways  will  besides  connect  wiUi  numerous  vraterwava  inter- 
secting the  country  traversed,  moat  of  which  are  navigable,  affording  a  cheap  and 
convenient  means  of  conveying  coal,  &&,  to  the  dense  population  mhabiting  tht 
Great  Plain  of  China. 

The  paper  gave  a  description  of  the  bituminous  and  anthracite  ooal-flelds  of 
Bhansi  and  Honan,  visited  either  by  the  author  or  by  members  of  his  expeditiou 
last  vear,  and  the  approximate  area  of  the  coal-measures  and  contents  avulabla. 
Analjsea  of  specimens  of  the  coal,  brought  to  England  for  that  purpose,  wen 
furnished,  and  information  given  on  the  methoda  of  mining  adopted  by  the 
Chinese,  the  outpet  at  the  mmes  visited,  and  the  cost  at  pttr-nead,  Fhotographa 
of  a  typical  coal-mine,  showing  the  workmen,  coal-Slacks,  and  the  vehicles  used 
for  transporting  the  coal,  were  shown  to  illustrate  the  paper,  and  maps  of  the 
country,  showing  the  proposed  railway  routes.  The  paper  deacribed  the  great 
deposits  of  iron  ores  associated  with  the  coal-fields  of  Shansi,  and  the-X  goiNal 
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di>ttit>Ution  tnd  oocarrence ;  uiftljsea  of  them  were  friveu,  and  the  methoda  fiit> 
lov«d  hj  the  Ohiaete  in  thur  redaction  deKiibedL  Sketches  were  given  of  the 
foinaoa  omph>7ed,  the  nuunei  of  loading  it  was  eiplained,  ftnd  det^ila  wen  given 
of  tJw  nnlte  obteiaed,  and  Ui  eetimate  was  furnished  of  the  jeulj  oatpot , 

Sthered  &otn  lelikhle  bouicm,  end  the  cost  of  production.  The  Jeecriptioit  wM 
utnted  1^  photognpha.  The  eiietins:  meone  of  eommiinJcetion  hv  uad  snd 
jfttja  vaa  lefrared  to,  utd  informetion  ooUect«d  by  the  writer  fninishea  in  respect 
to  the  reludea  end  pack  animala  osed  for  carriage  on  roads,  and  the  cost  of  tran^ 
porting  the  producta  of  the  minee  under  present  coodiiiona.  A  deacriptimi, 
MGompanied  or  photogri^ha,  was  g^ven  of  one  of  the  gfeat  high  roeds  of  China, 
the  methods  of  its  oonitruction  and  alignment,  and  the  difficultiea  which  it  present* 
to  vehicular  traffic  briefly  alluded  to.  Some  information  wai  also  fumiahed 
regaiding  wagea  of  akilled  and  unskilled  labonr,  the  general  condidon  of  the 
people,  their  food  and  habits,  the  effects  of  the  last  great  famine  on  them,  thur 
oemeanonr  towards  foreignata  as  experienced  bj  the  writer  and  his  staff,  and  m 
gathered  tmai  statements  racttved  personally  from  miudonariea  who  hare  long 
reaidad  in  the  conDtrj[,  and  the  deeire  evinced,  not  onlv  bj  the  worlrmen  tbem- 
selTe«,hat  also  bj  officials, to  seethe  natural  industries  developed  wherebrreg^ilar 
employment  and  good  wagea  would  be  obtained.  The  imnlementa  used  hy  the 
Chinese  in  mining  snd  other  industries,  and  their  methoos  of  agricuUare  -wtn 
allnded  to.  A  general  description  of  the  country  to  be  traversed  by  the  propoaed 
railways,  its  pbyrical  aspects,  population,  and  trade,  was  given,  and  also  an  account 
of  the  rivers  and  waterways  encouotered,  with  apecial  reference  to  the  Yellow 
Itiver,  and  the  messuree  to  he  adopted  for  bridging  it.  Ilie  ga.ogB  on  which  tiw 
nulwaya  are  to  be  built,  and  the  nature  of  the  permanent  way  and  rolling  stock 
were  referred  to,  and  also  other  matters  of  interest  in  connection  with  construction, 
^a  PAPS'  also  contained  some  remarks  on  existing  and  projected  nilwaya  ia 
CDuna.  It  oonditded  with  soma  general  remarks  on  the  cost  of  the  lines  of  railway 
referred  to,  and  haulage  rates. 

6.  The  Ute  of  Expanded  Metal  *n  Concrete, 
By  Abthdb  T.  Walmislet,  MJfUt.CB. 

The  author's  paper  began  by  stating  that  the  subject  of  the  judicioas  intro- 
duction of  iron  and  at^l  sections  into  concrete  was  a  leadii^  topic  of  discusuon  at 
the  present  time  among  engineers,  and  he  referred  to  the  paper  read  at  tlie  Liveipod 
meeting  of  the  British  AssociaticHi  deacriptive  of  the  manufiu:tnre  of  expanded 
metal  by  Mr.  J,  F.  Qolding,  the  inventor  <a  the  machinery  for  its  production,  and 
then  dealt  with  its  development,  with  spedol  application  to  its  introduction  into 
concrete  for  supplying  tiiat  tensile  element  which  concrete  without  metal  locka. 
The  present  macnmery  is  limited  to  sheets  elf^ht  feet  in  length,  but  lararermacbinea 
an  in  conlAmplatioo  for  the  Expanded  Metal  Company's  works  at  West  Hartle- 
pool, to  enable  sheets  of  metal  long  and  strong  enough  for  spans  of  lU-foot 
slabs  to  be  supplied.  The  author  assumed  that  the  sale-working  unit  etreee  for 
concrete  in  comprasuon  is  I'm  limes  the  safe-woridag  unit  stress  for  concrete  in 
teosion,  and  pomted  out  that,  under  thaee  circumstances,  with  a  homogeneous 
section  of  pure  concrete  having  parallel  aides  the  neutral  axis  must  be  above  the 
level  of  the  centre  of  gravity  of  a  slab  laid  hori»intally  or  verticallr ;  and  that, 
awtiwiiing — as  in  the  case  of  a  slab  supported  at  the  edges — that  it  is  laid  flat,  the 
nentral  axis  of  a  section  divided  the  depth  into  the  proportions  of  -24  and  '74  i»- 
■pectiTd^  in  order  to  create  a  result  equal  to  a  couple  id  which  the  compteeara 
and  tensile  elements  unaided  by  metal  would  be  in  equiUbrium.  The  aathor  than 
gave  calculations  showing  the  effect  of  introducing  metal  into  the  tensile  portion 
of  the  section,  whereby  the  neutral  axis  under  the  above  conditions  of  equiubriun 
Is  lowered,  the  compressive  portion  ia  increased,  and  the  neutral  axis  made  to 
ap]^oach  nearer  the  centre  of  gravity  of  the  section.  Examples  were  given  of  a 
aeotioD  containing  vires  or  ro£,  plates,  and  invert«d  tee  sections,  t<^etkr  with  s 
comparison  of  a  section  containing  expanded  metal ;  and  the  author  pointed  oat 
that  the  latter  provkles  a  uniform  diatribution  of  tenule  strength  in  all  directum^ 
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■npls  in  unonnt  without  BxtraTagance,  uid  hbUj  laid  without  the  rMponaibQitf 
of  auperriuon  in  pladnp  the  mateiial  tnnsrenel^  at  the  apecified  distuicee  aput, 
u  wanld  be  aeceemry  in  the  case  of  separate  pieces.  The  iniertion  of  wire*  Of 
indiridnal  Bectiona  ^ves  strength  in  the  directioii  of  their  length,  leanng  the  inteiv 
mediate  concrete  compantively  weak.  Expanded  metal  contributea  atrangth 
latoally  both  in  the  diroction  of  width  and  length,  as  well  as  giving  an  eSactm 
keysge  in  its  depth.  The  coeffidents  of  expansion  of  the  two  coiLstituents,  inn  or 
■tMl  and  concrete,  are  considered  for  all  practical  purposes  to  be  identical.  Iteaulta 
of  axpeaiments  made  on  Tarioits-size  slabs  were  neit  given,  the  longeet  span  without 
intermediate  joists  being  on  a  slab  13  ft.  6  in.  b;  11  ft.  clear  span,  which  was  loaded 
to  6^  owt.  to  the  foot  super,  and  bore  thia  load  for  1^  hour  before  it  coUapaed,  the 
flvetnras  occuning  at  each  of  the  four  comers.  The  gradual  increase  of  the  load 
aad  pttigTess  of  deflection  of  the  slab  were  related  in  detail. 

The  adhenott  of  iron  and  concrete  was  found  by  Professor  Baoschinger,  of 
Hmuch,  to  be  about  M9  to  668  pounds  per  square  inch,  but  a  case  was  quoted, 
Bzp«aimenting  upon  2  in.  diameter  anchor  bolts  set  11^  in.  in  a  masonry  blocs,  with 
lead,  sulphur,  and  cement,  ^m  which  it  was  inferred  that  in  snitsble  setting  tha 
cement  joint  on  a  smooth  rod  might  be  made  tA  fracture  the  rod  before  the  adheaion 
of  Uie  connection  tailed.  The  author  described  the  introduction  of  the  aid  of 
channel  arches  b;  the  Expanded  Metal  Company.  The  spans  were  enabled  to  be 
iocraaaed  therebj,  the  onl;  objection  being,  in  the  author^  opinion,  the  eiposum 
of  the  under  surface  of  the  channel  metal  rib;  but  the  surface  so  exposed  is  com- 
MiKtiTely  small  compared  with  the  Taiious  sjstems  of  trough  floonng  that  have 
been  patented.  The  result  of  experiments  was  stated  in  the  paper,  the  channel 
metal  flat  arches  being  finnlj  held  between  longitudinal  joists  spaced  at  specified 
intervals.  The  author  considered  that,  in  order  to  keep  the  portion  of  a  slab 
containing  metal  in  tension  below  the  neutral  axis,tbes1sbshouldnot  befixedatita 
bearmgs ;  hut  he  pointed  out  that  probablT'  there  is  a  tendency  to  form  a  flat  arch 
withb  a  concrete  beam,  which  couTerts  a  large  part  of  the  vertical  pressure  into 
]at«nd  thrust,  which  in  the  cose  of  an  expanded  metal  section  becomes  a  tied  arch, 
and  tiiU,  in  his  o^nion,  a  concrete  beam  should  be  viewed  as  a  bar  with  a  hollow 
curved  soffit.  Further  developments  of  the  system  were  reviewed,  and  diagrams 
illnstrativie  of  the  aipiments  propounded  were  exhibit«d,  with  a  view  to  elicit 
anggeations  as  to  any  desired  improvement  in  the  nze  of  the  meabes  employed  o> 
to  further  experimenta  needed. 

6.  Power  Generation. — Comparative  Cost  by  the  Steam  Engine,  Water 
Tttrbine,  atid  Got  Bngi'M.    By  Sobs  B.  C.  Kershaw,  FJ.C. 

There  is  no  qnesdon  of  greater  importance  at  the  present  moment  to  those 
engaged  in  the  management  of  our  manufacturing  industriee  than  that  of  powat 
ganraation.  The  sapremacy  which  the  steam  engine  has  so  long  enjoyed  is  now 
Bssaited  from  two  sides.  The  water  turbine  end  the  gas  engine  have  become 
duigeTOQB  rivals. 

During  the  past  ten  years  a  most  remarkable  development  of  hydraulic  power 
has  been  taking  place  on  the  continent  of  Europe  in  Fiance  and  Gemooy,  and  in 
America  at  Niagara. 

The  aggregate  amount  of  power  at  the  present  date  generated  from  falling 
water  forms  no  inconsiderable  portion  of  the  total  power  utilised  in  manufacturing 
industries;  and  two  years  ago  it  was  estimated  i^  tlie  author  to  be  between 
236,000  and  SCO.OOO  horse-power. 

On  the  other  hand  gas  engineers  have  been  busily  engtved  in  woridng  out  th* 
problems  presented  by  fsi^  gas  engines  and  by  the  utilisMJon  of  the  waste  gaset 
of  blast  furnaces. 

Gas  engines  up  to  650  horse^wer  have  been  built,  and  have  worked  smoothly 
and  economically ;  whUs  at  Seraing  in  Belsium  and  at  other  places  the  btasa 
furnace  gases  have  been  utilised  for  driving  the  engines  which  supply  the  blasL 

The  question,  therefore,  which  the  engineer  now  has  to  settle  when  deciding 
upon  the  site  and  locality  for  a  new  faetory,  or  when  deciding  upon  the  system  M 
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power  geaentioG  to  ftdopt  fur  extenriona  of  the  old,  is  do  longra  u  nmple  w  nWt 
on);  one  method  of  power  generation  in  Urge  units  wu  open  to  him. 

It  i»  no  doabt  true  Out  the  choice  between  the  three  pranble  Boorces  of  power 
U  one  which  in  many  cum  will  he  settled  purely  by  local  conaiderationg ;  and  th» 

Erozimity  of  a  large  waterfall  or  of  an  eit«nuve  coalfield  to  the  bctory,  will  ba 
eld  to  point  to  the  turbine  or  to  the  ateam  engine  as  the  moat  economical  power 
venerator.  In  ■  great  nimiber  of  cases,  however,  especially  when  the  decisioD  of 
the  eniriiieer  covers  the  choice  of  a  site  for  the  factory,  the  problem  is  capable  of 
no  inch  ea^  solution;  and  tbe  moat  economical  source  of  power  can  only  he 
determined  sfter  an  exhaustive  study  of  comparative  coets  data. 

The  aim  of  the  writer  in  the  present  paper  has  been  to  collect  and  anwige  in 
comparable  form  some  of  the  mote  important  Sgurea  bearing  on  the  cost  of  power 
ganeratioQ.  Full  references  are  given  to  all  the  original  arbcles  from  which  then 
Hgures  are  drawn.' 

Tailing  the  best  figures  for  each  of  tiie  three  sonrcee  of  power  dealt  with  abore, 
and  bringmg  them  all  to  a  common  basis  of  comparison,  namely,  the  cost  of  tha 
E.HJ*.  year  of  8,760  hours,  the  authul  obtained  the  figures  given  below. 

TiBtB  \U.,—G>mparative  CotU  of  £leeir!cal  Pomr. 


Som«aotPairar 

IjDwMt  Ck»t  per  E.H.P.  jm  of  8,790  honw                  | 

Estimated 

Loealltr 

Actual 

Looalitj 

Water       .       .       . 
Bteam        .        . 
Oas  (Frodocer) . 
Gas  (Blast  Furnace). 

£    I.    d. 

1     8     5 
4  18    R 
6    0    0 
1     1     7 

Canada 

North  England 
England 
Germany 

£    (.    d. 
1   1!>     0 
4    9    7 

Switierland 
United  Statea 

The  figures  in  tbe  table  support  the  opinioD,  now  generally  held,  that  water 
when  developed  without  ezcesHive  capital  expenditure  ia  the  cheapest  source  of 
mechanical  or  electrical  energy.  When,  however,  the  h^drauUc  en^neering 
expenditure  has  been  heavy,  or  when  the  power  after  generation  has  required  to  M 
transmitted  over  long  distancea,  the  margin  between  the  relative  costs  of  water  and 
■(«Bm  power  is  greasy  narrowed,  snd  in  some  Caaea  disappears. 

Electrical  energy  generated  bi/ falling  water  u  oorting  more  at  BheinfeUen,  at 
Zurich,  and  at  Buffalo  than  it  wbtdd  cott  in  South  Xatuxttiire  if  generated  bf/ 
tteampower  in  large  unitt ;  and  the  margin  between  the  actual  charge  for  potaer 
at  Niagara  and  the  eatimaled  eott  of  gteam  power  in  large  generating  ttationt  in 
South  Lancashire  is  only  12<.  Id.  per  E.H.P.  year. 

In  this  connection  it  is  interesting  to  note  tbat  the  charge  for  electric  power 
in  Buffalo  is  13i.  M.  per  E.H  P.  year  higher  than  at  Niagara ;  oikl  the  exceesive 
charge  to  amoll  consumers  in  the  same  city  (26/.  11*.  per  E.Hi*.  year)  would  seem 
to  indicate  that  the  cost  of  tranamiaeion  between  Niagara  and  Buffalo  represents  at 
least  2Uf.  per  E.H.P.  year  on  the  power  sent  into  that  city. 

Turning  now  to  a  consideration  of  the  relative  poaiiion  of  gas  power,  the  qnea- 
tion  of  the  practicaUlity  of  large  engines  may  be  talcen  as  settled.  If  they  do  not 
coat  excessive  sums  for  maintenance  and  repairs,  large  gas  engines,  in  conjunction 
with  coke  ovens  and  blast  furnaces,  may  entirely  alter  the  present  poation  of 
afiairs ;  and  the  new  industries  which  at  present  are  b^g  established  in  the 
nsighbonrhood  of  water-power  stations  may  find  themselves  in  severe  competitJon 
with  similar  manufactures  carried  on  in  the  coal  and  iron  districts  of  the  older 
manufacturing  countries. 

It  has  bmn  calculated  tbat  2,000,000  H.F.  is  annuallj  wasted  in  the  gases 
iaramg  from  the  blast  furnaces  of  the  United  Kingdom.    If  theae  waste  gaaes 
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Could  be  indastrially  ntilited  in  th«  manner  aug^wted,  we  should  to  a  luge  extent 
be  compensated  for  our  lack  of  natiural  water  power. 

But  blast  furnaces  demand  coke,  and  coal  beds  are  ezhanstible,  so  that  eren 
if  this  source  of  mecbanical  and  electrical  enen?  be  tapped  it  can  only  postpone, 
but  not  avert,  the  final  triumph  of  the  waterfsU  and  of  the  turbine. 


SATUBDAY,  SSPTSMBER  8. 
The  Section  did  not  meet. 


MONDAY,  aSPTSMBSR  10. 
The  it^owing  Pi^en  were  read  :— 
1.  The  Automobile  for  Ehctric  Street  Traction.    By  J.  G.  W.  Aldbidoe. 


%  The  Manehuler  and  Liverpool  SxpretB  Railway. 
By  Sir  W.  H.  Peksce,  F.S.S. 

A  monorail  line  has  been  projected  by  Mr.  Behr  between  Hancheater  and 
Idverpool  to  accommodBt«  eipreaa  jiassanK^r  traffic  alone  between  those  two  cities. 
It  is  to  be  worked  by  electric  traction  and  to  attain  yaty  high  speeds.  The  trwn 
is  to  conaiat  of  only  one  coach,  weighing  fortj-flve  tons  and  seating  sixtf-four 
passeoKers.  Starting  at  ererj  ten  minutes,  and  traTelling  at  the  mean  ntt«  of 
110  mtles  an  hour,  it  will  do  tbo  distance  of  S4^  miles  in  twenty  minutee.  The 
&res  will  be  alightly  lower  than  those  champed  at  present.  There  will  be  do  inter- 
mediate stations,  no  points  or  crossings.  There  will  thus  t«  no  neoeasi^  for 
signab  to  protect  the  line  during  olher  operations.  Signals  would  be  needed 
only  to  secure  a  perfect  block  system  of  working  the  line.  The  monorail  railway 
was  projected  by  Lanigue  in  ltid2. 

We  have  only  one  example  of  this  system  of  railway  in  the  United  Ein^om, 
TtK.,  between  Lintowel  and  Bollybunion,  in  County  Kerry,  Ireland.  Tbia  line 
was  designed  and  engineered  by  Mr.  liehr.  The  Act  was  obtained  in  1867,and  the 
line  was  opened  for  tra&ic  in  February,  18S8,  and  it  has  been  running  ever  since. 
The  line  is  Q^  miles  long.  It  has  one  intermediate  station,  Liselton.  Hiere 
are  forty-two  level  and  farm  crossings.  It  is  worked  by  steam.  The  train 
eonsists  of  a  bcomotive  and  four  coaches.  It  cost  SS,iXMl.  to  build,  or  3,000^.  per 
mile.  When  I  inspected  the  iine  in  the  early  part  of  this  year  there  had  never 
been  a  Board  of  Trade  inquiir  into  any  accident.  The  maintenance  of  the 
structure  had  been  effective.  No  rail  had  ever  been  tamed.  The  mechanical 
structure  had  exhibited  no  defects,  hut  several  breakdowns  had  occurred  in  the 
locomotive  and  rolling  stock.  There  are  three  locomotives,  eleven  pauen^r 
coachsE,  and  two  brake  vans.  Thsy  had,  however,  continued  to  work  the  line 
uninterruptedly  for  twelve  years,  and  there  had  been  no  renewals  or  new  stock. 
Its  main  principle  is  the  suspensinn  of  the  coaches  on  a  nngle  elevated  rail  so 
tiiat  their  centres  of  gravity  are  below  the  rail.  Each  coach  sits  the  rail  like  a 
•addle.  The  rail  is  fixed  on  trestles ;  which  are  tied  and  braced  together,  the  tie 
bare  being  light  rails  against  which  guide  wheels  roll. 

The  Manchester  and  Liverpool  Eipraas  is  intended  to  be  more  maanvely  and 
rigidly  built.  Derailment  on  such  a  structure  is  impossible,  and  carves  of  com- 
paratively small  radius  can  be  passed  with  safety  at  high  speeds.  Yibrations  and 
noise  will  be  reduced,  and  travelling  will  be  conducted  with  greater  comfort  than 
at  present, 

It  is  proposed  to  fix  the  generating  station  midway  at  Warrington,  and  to 
tranmit  the  electric  enargy  at  high  piessura  (10,000  volts)  to  each  terminal 
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■tation.  There  would  be  tub-BtetJoDB  i[ojsg  the  line,  ht  dUtanceB  B^ut  of  toa 
milec,  where  the  10,000  toHb  would  lie  brought  down  to  IJMO,  at  which  pnHun 
it  would  be  pit^i'd  up  b;  the  motors  on  the  coach. 

The  ipeed  which  a.  train  can  acquire  on  &  r&Uwaj  depends  on  liie  power  that 
can  be  cnntinuoualy  (tpplied  at  the  thread  of  the  driving  wheel,  Electrid^ 
eiublei  the  enfcineer  to  apply  inatantaneousl^  to  light  loads  a  power  which  iteun 
cannot  aupplj.  Hence  speeda  are  possible  willi  electiici^  which  are  unattunaU* 
with  ateam.  A  coach  weighiag  fort;-fif  e  tona  can  eaailj  and  qaickly  attain  110 
miles  an  hour.  1,600  hone-power  will  accelerate  the  coach  so  ae  to  attain  thii 
speed  in  110  seconds,  and  SOU  horse-power  will  maintun  this  speed  on  the  lerd. 
Electricitf  baa  two  Mvantages  otot  steam.  It  ecfLbles  us  to  obtain  an  aooeleia- 
tion  of  11  feet  per  aecond,  which  is  virtuallT  the  limit  that  can  be  obtained  without 
cminng  discomfort  to  the  posaen^ra ',  and,  secondly,  it  applies  a  continuous  and 
constant  torque  instead  of  tne  variable  one  due  to  the  reciprocating^  action  of  the 
ordinarj  steam  locomotive.  Hence  it  not  onlv  enables  us  to  maintain  high  speed* 
on  long  through  lines  like  the  proposed  Manchester  and  Liverpool  Bxpnas,  but  it 
enables  us  to  attain  high  speeda  with  greater  rapidity  on  short  lines  having 
frequent  stoppages,  like  the  Metropolitan  railways  of  London,  and  thus  increaM 
the  capacity  of  tne  line  for  traffic. 

The  chief  causes  of  accident  on  ordinary  railways,  Tiz.,  collinon,  denuhneDt, 
points,  and  the  human  error  of  the  signalman,  will  be  removed  from  lines.  Hence 
trtvelling  will  be  much  safer. 

3.  Manchester  and  Liutrpool  EUetncal  Exprtst  Railway :  Brate* 
and  Signals.    By  F.  B.  Bxhb. 

The  questions  of  brakes  and  signals  are  so  mtimately  conuectttd  thftt  the  mt 
cannot  be  treated  separatelj  fVom  the  other. 

The  most  perfect  condition  under  wluch  a  railwaj  could  be  worlced  would  be 
that  in  which  both  brakesand  signals  could  bedispensed  witli;  tberefbre  it  follows 
that  the  fewer  the  occaaons  for  usiag  either,  the  batter. 

Now  as  to  brakes,  there  is  a  limitation  of  their  application,  which  depends  not 
so  much  on  the  mechanical  appliances  themselves  as  on  tbe  enduranc*  of  the 
passengers.  It  was  stated  by  an  eminent  railway  official  to  the  Select  Committee  of 
the  House  of  Commons  that  with  the  Weetinghouae  brake  a  train  travelling  at  60 
miles  an  hour  could  be  stopped  at  an  emergency,  within  SOO  yards,  without 
tnflicting  too  great  a  shock  on  the  psasengers.  In  the  same  way  the  propotsd 
train  travelling  at  110  miles  an  hour  could  be  stopped  within  fiOO  yma,  and 
probably  in  a  shorter  diatanca,  as  in  this  case  electrical  means  would  be  at  band, 
such  as  the  reversal  of  the  motors,  so  as  to  turn  them  iato  d^namon,  Mora  raju 
stoppagBs  could  only  be  made  with  f^^at  discomfort  to  the  pasaengera.  Now  in 
the  ordinaiy  w^  of  working  our  railways  at  present  there  are  many  occauons  in 
which  it  might  be  important  to  stop  the  train  as  rapidly  as  passible ;  for  instance, 
if  a  train  should  be  seen  in  front,  or  some  sbunting  operations  were  not  cam- 
pleted,  or  in  some  other  cases  too  many  to  enumerate.  But  no  brake,  however 
powerful,  would  be  of  the  slightest  use  to-day  for  avoiding  a  sudden  obstacle, 
such  as  a  stone  placed  on  the  rail,  or  a  broken  rail,  for  it  is  impossible  for  the 
driver  to  be  aware  of  such  obstacles  until  be  is  practically  upon  tWn.  In  these 
cases,  therefore,  the  power  of  stopping  at  800,  or  iiOO,  or  even  100  yards  is  quits 

The  author  then  stated  that  on  the  proposed  high-speed  electrical  r&ilwayi, 
though  it  is  quite  posnble  to  stop  the  train  within  less  than  GOO  yards,  it  nerw  can 
be  necessary  to  brli^  it  to  a  standstill  at  even  a  much  longer  distance. 

On  the  proposed  railway  there  will  be  no  level  eroswngs,  no  sfritchas,  so 
shunting  operations,  and  in  fiu!t  nothing  thst  will  reouire  the  bain  to  be 
brought  to  a  Btandstill  unless  a  preceding  train  should  oresk  down.  Beudet 
this  one  esse,  the  brakes  can  only  be  used  for  stopping  as  you  approach  ths 
stations.  A  broken  rail  produces  no  danger  whatever,  for  the  tr&in  would  nin 
over  it  without  any  risk  or  difficulty.     This  can  easilf  be  abown  1^  antxH^ 
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emmAetiDg  tlie  rdatire  podtion  of  tlie  whaeU  of  the  earriigM  to  the  rula  over 
which  they  traveL 

It  Tenuuned,  therefore,  ohIt'  to  explain  the  nuaner  in  whioh  it  ia  arruiged 
that  the  driver  of  etch  trmn  ahtJl  be  informed  of  the  poouble  stoppage  of  the 
tnin  in  front  of  him. 

Under  normal  condition!  no  Mcond  train  will  leiTe  the  ttation  at  Haaoheatei 
or  Liverpool  natdl  the  Grat  hta  reached  Wurington,  a  diatanoe  of  over  17  milee. 

The  liae  will  be  subdivided  for  the  piupoee  of  ai^nalling  into  eight  eectiona 
of  4'3  miles  each.  As  a  train  laavea  Uaachestar  or  Livnrpoot  a  daneer  aignol  ii 
pnt  np  autoniBtlcally  at  that  statdoD,  and  a  second  similar  danger  aignal  is  put 
up  In  the  same  wajr  at  4'8  milee  off,  the  first  remaining  at  danger.  The  bain  travel* 
OD  nntil  it  reaches  8'6  miles,  when  it  puts  ap  a  third  danger  ngnal,  and  airan]- 
tuwoinly  the  signal  is  lowwed  at  Manchester  or  LiverpoDl,  ao  that  the  second 
tnio  can  now  mm. 

Aaeuming  that  the  first  train  has  met  with  an  accident  after  ^unng  the  point 
^stant  8'6  milee,  the  second  train  would  travel  at  full  apeed  until  it  passee  point 
4'3  miles.  The  dsnger  signal  at  that  point  not  havbg  been  removed  hy  tiie  first 
train,  as  it  never  reached  point  13  milM,  the  driver  of  the  second  train  would  be 
informed  that  the  first  train  bad  met  wi^  an  accident  between  86  miles  and  13 
miles,  and  tberefore  that  he  baa  to  slow  down,  but  that  for  auch  towerinir  of  his 
■peed  he  baa  a  clear  ran  of  over  four  milea.  Therefore,  there  could  be  no  difficalty 
in  stopping  without  using  the  brake  at  al!  by  aimply  cutting  off  the  current. 

Whenever  a  trun  paaaes  over  a  point  where  the  danger  ugnal  ia  put  np  this  is 
teprodoced,  either  electrically  or  mechanically,  by  a  very  nmple  and  inexpensive 
eoDtrivance  in  the  cabin  of  tne  driver,  so  that  be  would  be  perfectly  able  to  see  it 
witboQt  difSeuICy  even  if  there  was  a  thick  fog. 

Under  these  conditiooa  of  travelling  it  seema,  therefore,  superfluous  to  baveany 
emtfgency  brakes ;  and  tboufrh  it  will  be  possible  to  ston  the  trains  within  50O 

£,ids,  no  case  can  be  imagined  in  which  it  would  be  usefid  or  necassaiy  to  resort 
such  a  steppage, 

A  six  minutes'  service  of  trains  could  be  established  without  any  alteration  in 
the  propoeed  srraogement,  and  if  a  three  minutes'  service  was  requind  the  blocks 
would  have  to  be  reduced  to  two-mile  sections,  giving  a  cleat  ran  of  two  miles  in 
case  of  a  breakdown. 


^  The  Comtruetion  of  Large  Dffnamot,  at  exemjd^ud  at  the  Porta 

- «.  Sy  r  ■       


BaAihUion.    By  Professor  8.  P.  Teohpson,  F.R.S. 


B.  Recent  Tramway  Conttruelion.    By  W.  DAwaoK. 


6.  Meaturement  of  the  Tractive  Force,  Eeeielanee,  and  Acceleration  t^ 
TravM,     By  A.  Malloce. 

The  author  described  in  thn  paper  some  experiments  recently  made  on  electric 
and  other  railwajs,  the  object  or  the  experiments  being  to  detarmiue  the  acceler^ 
tion,  tractive  force,  and  running  reeistance  to  which  the  trains  are  subject. 

The  appli«nce  used  wss  a  short  pendulum  whose  free  vibrations  are  adegnately 
damped.  If  this  is  suspended  on  the  moving  body  it  will  hang  in  tbe  direction 
which  ia  the  resultant  of  gravity  and  the  acceleration  which  the  body  at  the  time 
experiences;  hence  tbe  anple  which  such  a  pendulum  makes  with  tbe  vertical 
gives  tbe  measure  of  tbe  accelerations  at  each  instant. 

In  the  eipfriments  the  pendulum  was  arranged  so  as  to  record  its  position  on 
uniformly  moving  paper,  on  which  at  the  same  time  seconds  wen  marked  \ij  an 
electric  (Uock,  and  a  contact  marker,  worked  from  one  of  tbe  wheels  of  the  cuniwei 
caused  a  second  pen  to  record  each  revolution  performed  by  tlte  wheel,    ^m 
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diagmu  tliiu  obtained  givM  a  direct  mewura  of  the  ipeed  and  accelantdon  of  ths 
carriage. 

The  author  showed  tliat  pendulum  obaarrationa,  comUiied  with  a  record  of 
ipeed  and  power  aupplied,  offer  a  umple  and  effective  meana  of  determiniiig  tho 
TesUtance  bi,  tmd  efficiencj  of,  electric  or  other  kinds  of  motor  vehiclei. 


7.  On  a  CotrUtinalion  integrating  Watlimter  and  Maximum  Demand 
Indicator.     By  T.  Babkhb. 

The  paper  fally  aeta  forth  the  advantages  of  the  maximum  demand  aystem  of 
chamng  for  the  auppl}'  of  electticitj,  ana  describes  a  new  meter — the  invention 
of  MeMn.  Barber  and  Bwing — to  be  used  for  this  purpose.  The  paper  was  illus- 
trated bv  diagram!,  and  examples  of  the  meter  were  exhibited. 

In  imariring  for  the  supply  of  electridty  it  has  become  usual  to  make  a  dis- 
tinction in  the  pricee  cb&iyed  to  those  consumen  who  use  a  few  lights  for  manj 
hours  per  daj  and  those  who  use  manj  lights  for  an  hour  or  leas ;  for,  although  Kt 
the  end  of  ^e  year  the  number  of  uniia  consumed  may  be  the  same  in  both  cases, 
the  cost  to  the  company  or  corporation  in  machinery,  msio^sjid  every  othercharge 
will  be  in  the  ratio  of  the  number  of  lampa  lighted  at  one  time,  'the  consumer 
who  OMS  a  few  lamps  for  numy  hours  should  be  chanred  at  a  less  rate  per  unit  in 
view  of  the  smaller  capital  rxpenditure  which  his  supply  involves. 

The  lat«  Dr.  Hopkinson  advocated  a  aystetn  which  takea  account  of  this  eon- 
eideration  in  arriving  at  the  fair  price  to  be  charged  for  current.    In  the  ajstem  in 

SiestioD,  now  known  as  the  *  Maximum  Demand  System,'  the  total  quantity  of 
ectricity  consumed  in  six  months  is  measured  in  the  usual  ^ay.  and  the  greateet 
rate  at  which  the  consumer  has  been  taking  current  is  also  recorded.  If  the  cou- 
Burner  in  the  six  months'  period  takes  s  smaller  total  than  would  correspond  to 
one  hour  a  day  at  the  graate«t  rtlte  of  demand,  he  n  cbargnd  the  full  price  per 
unit,  but  if  the  total  coosamption  exceeds  this  he  ia  charged  a  reduced  rate  for 
•acb  unit  in  excess. 

The  system  has  been  used  with  marked  success  in  some  seventy-two  towns. 
It  has  improved  the  load  factor,  and  has  enabled  a  large  number  of  additional 
units  to  be  sold  without  increase  of  station  plant  or  mains.  Until  tlie  introduc- 
tion of  Barker  and  Ewing'a  Demand  Indicator  it  was  necenary  to  use  two  meteia 
— one  to  record  the  total  number  of  units  t«ken  by  the  consumer  and  the  other  to 
show  his  maximum  rat«  of  demand. 

The  Barker  and  Ewing  Indicator  forms  an  integral  part  of  the  ordinary  msteT) 
mod  absorbs  no  energy ;  it  further  records  watts  and  not  amperes.  With  an  allc^ 
Dating  supply  it  shows  actual  watts  and  not  apparent,  watts,  an  important  diflersnea 
in  the  case  of  motors  and  aro-lampa.  It  ia  not  affected  by  any  oidinair  abort  circuit, 
ita  time  lag  being  sufficient  to  prevent  it  coming  into  eotiou.  TheliidicalCT  may 
be  used  to  show  the  actual  rate  of  demand  at  any  instant  in  place  of  recotding  IM 
maximum  rate  of  demand.  In  this  form  it  is  specially  usefiil  in  switchboard 
ioatruments,  showing  the  attendant  the  rate  at  which  electric  energy  ia  paSHiig 
through  a  feeder  or  is  supplied  from  a  dynamo  at  any  instant.  The  meter  also 
serrea  at  the  same  time  to  integrate  the  total  amount  which  ha«  paseed  tbrongh 
that  particular  feeder  or  Diachine, 

8.  ThiS  Design  and  Location  of  Electric  Generating  Statiem. 
Sy  Alfred  H.  Gibbinos,  M.tnaLE.E. 
The  term  '  central  station '  it  gradually  being  supplanted  by  more  ctanprahcB- 
Hve  deeigustions. 

All  design  and  arrangement  in  regard  to  electric  works  mnst  be  with  a  vwW 
to  securiog  the  highest  average  efficiency  together  with  relialnli^  in  operttioo. 
Electric  worka  at  present  do  not  fulfil  these  condilious,  but  that  may  axcoaaUy 
be  accounted  for  oecauae  it  was  impossible  to  foresee  modem  developments- 
Electricity,  at  first  need  for  lighting  onlyi  has  now  come  to  he  osad  in  the  foiiB 
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of  electric  mo^TO  power  and  electric  tractioc.  The  attempt  to  sappl^f  til  theea 
JVom  one  geDeratiog  etation  has  led  to  the  uee  of  uTuuitable  plant,  to  coufn^i)  id 
tlie  station  itself,  but  at  the  Mine  time  to  a  reduction  in  pnces  charged.  It  has 
alio  reiulted  in  a  lai^e  Tariation  in  capital  cost  per  kilowatt  of  plant.  Small  and 
isolated  undertakingB  try  to  attain  equatlj'  aucc^sfol  results  bj'  other  ezperimenta, 
bat  fail.  Economical  prodnction  is  onlj  possible  where  both  the  generating  costs 
and  the  standing  charges  are  reduced  together  as  the  load  increAsee  and  the  system 
extends.  To  effect  tnis  Denerating  works  must  in  future  be  constructed  and 
located  with  a  view  to  include  the  supplj  of  energy  for  moliTe  power,  tramwajs,  ' 
ftod  electro-chemical  purposes.  Details  of  such  construction  and  location  should 
embodf  the  followinsf  points:— 

(1)  The  machinery  must  be  designed  to  genamte  at  high  voltage,  differing 
according  to  the  extent  of  the  area  and  the  nature  of  the  system,  hut  it  must  be 
■uit«ble  for  transformation  at  substations  to  meet  all  possible  raquirxmente. 

(2)  The  type  of  all  boilers,  engines,  electric  generators,  switchboards,  &c.,  most 
he  simple  and  mechanicallj  reliable,  even  at  the  aaoiSce  of  some  aliglit  mf^ni'^m 
economy. 

-  (3)  All  complicated  gear  and  fanciful  combioations,  such  as  might  lead  to 
pomble  breakdown,  muat  be  avoided  throughout  the  entire  arrangement. 

(41  As  far  as  possible  the  different  units  of  the  respective  types  of  plant  should 
be  uniform  in  design  and  arrangement  and  made  to  one  standard  size,  thus  econo- 
miung  in  labour,  avoiding  large  '  stand-by  'plant  and  spare  gear. 

(6)  The  buildings  should  be  devoid  of^  all  unneceasary  embellishments,  nor 
should  an  attempt  be  mads  to  confine  too  many  departments  under  one  roof. 

(6)  The  location  shonld  be  such  as  to  ensure  ■  cheap  and  ready  supply  and 
delivery  of  fuel,  and  where  oondeneing  caa  be  accompliabed  etKciently  and 
inexpensiTely. 


Tt/BSDAT,  SBPTEUSBB  11. 
The  following  Report  and  Papers  were  read : — 

1.  Seport  on  Small  Screw  Gauges.    See  Exports,  p.  436, 


2.  On  Sereui  Threadi  uud  in  Cj/cU  Conitruclion,  and/or  Screws  subject  to 
Vibration.     By  O.  P.  Clementb. 

The  CItairman  of  the  Screw  Qauge  Committee  of  this  Association  has  honoured 
me  by  the  request  that  I  would  contribute  a  short  paper  on  screw  threada  which, 
is  my  experience,  have  proved  to  be  the  most  suitable  for  use  in  cycle  construction 
and  for  screws  diat  are  subject  to  vibration.  In  complying  wiUi  this  request  I 
propoae  to  confine  myself  diieSy  to  the  consideration  of  what  is  of  most  importance 


this  paper  would  be  inadequate  for  dealing  exhaustivelj^  with  such  matters  as 
pitch  in  relation  tA  diameters,  intercbangeabitity,  and  ganging. 

In  my  opinion  it  would  be  impoesible  to  devise  a  at audard  thread  suitable  for  all 
claasee  of  work  and  the  various  conditions  of  use.  At  present  there  are  not  only 
atandard  tlireade  differing  ao  much  in  shape  as  the  WhiCworth  and  the  American, 
but  also  a  la^e  number  of  bastard  threads,  differing  in  shape  from  either  of  these, 
and  which  have  been  adopted  in  most  instances  ss  a  matter  of  expediency  and 
neccfisitv,  A  too  slavish  use  of  a  standard  thread  has  no  doubt  onen  been  ^e 
cauM  of  much  mischief  and  inconvenience  inits  adaptation  to  pnrposes 'or  whidL 
it  was  unsuitable. 

When  Sir  Joseph  Whitworth  framed  his  system  of  threads  and  pitches  be 
bad  not  at  hia  command  the  superior  quality  of  steel  for  the  minufacture  of 
screws  which  we  have  in  the  present  diy.  Ii  be  had,  I  venture  to  think  that  bia 
system  would  have  been  somewlmt  modified  both  in  shape  of  thread  ai^  in  {dtdi. 
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I  tUnk  Hut  tha  eorrectnete  of  these  views  oumot  be  better  demonstnted  tku 
Iiy  tbowing  what  ia  the  general  practice  and  experience  with  regard  to  sctewt 
ued  in  the  gun  tnde.  hi  both  •porting  gant  and  militaiy  rifles  the  screws  ua 
subject  to  severe  vibration  aa  wbIi  ss  Budden  atrnins,  (ud  are  therefon  axtreinel; 
liable  to  work  loose.  To  obviate  this  the  ruDmaker  umb  a  thtead  with  a 
welt  rounded  top,  and  care  is  taken  that  the  whole  of  the  thread  fits  well,  hut  more 
aapeciaUy  the  top  of  the  thread,  where  the  fnctlonal  contact  on  the  greatsit 
diQumfarential  portion  of  the  screw  will  prevent  looaaninif .  We  have  thus  a  thraad 
that  difiera  from  anv  roc^gnisad  atandud.  It  is  shallow,  with  a  la^e  anf[1e  of 
the  sides  generally  about  dO',  and  ia  admirably  suited  for  the  purpose  of  renstiag 


I  will  now  refer  to  a  shape  of  thread  which  merita  oonsideration,  namely,  flat- 
toppad  threads,  which  are  very  aiutable  for  many  purpoaea.  It  is  also  a  ahape  of 
thread  to  which  most  accurate  frangta  can  be  made ;  but  while  admitting  tbur  ii»- 
doubted  suitaUUty  for  nnga  making,  I  muat  remark  that  gauges  fcr  tlmads  wi& 
rounded  tops  can  alao  t>e  made  satisfactorily,  for  all  practical  purpoaea,  bott  as 
regards  size  and  form,  and  so  as  to  be  perfectly  revermble.  Sucn  gauge  making, 
however,  certainly  requires  a  skill  and  experience  which  can  be  attained  in  but  few 
tool  ahopa.  The  flat-topped  thread  can  be  most  accurately  formed  with  a  ein^ 
tool  on  the  ordinary  acrew-cutling  lathes,  or  on  machines  having  a  leading 
acrew  or  former.  The  tool  csiT  be  easily  ground  to  correct  ahape,  and  ao  as  to 
have  the  cutting  clearance  which  is  necessary  for  the  durability  of  the  tool  and 
for  the  production  of  clean  and  accurate  work. 

Thet«  are,  however,  serious  objections  to  the  adoption  of  tacL  a  thread  for 
aerewa  used  in  cycle  work,  and  for  acrews  subject  to  vibration.  It  is  certaJH 
that  the  flat'topped  thread  cannot  give  the  fictional  resistaiica  to  vibration 
which  ia  the  case  inUi  the  round  tapj  and  in  the  economical  production  tJ 
auch  work  it  would  be  very  difficult  to  maintun  the  correct  ahape  of  the 
thread.  In  this  production,  screwing  dies  are  chiefly  need,  and  these  tools  show 
the  first  and  moat  rapid  wear  on  the  parte  forming  the  sharp  -edges  or  cornel* 
of  the  thread.  For  this  reasoa  it  will  be  found  a  serious  matter  to  keep  up 
the  screwing  tackle,  male  and  female,iii  the  proper  working  condition  n 
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produce  flat-topped  threads,  especially  if  they  should  have  a  small  angle  of  the 
■ides.  I  am  regarding  this  matter  from  the  commercial  point  of  viev,  that  is, 
the  production  of  worit  in  quantities  to  be  profitable  and  accurate,  so  far  aa 
accuracy  ia  commercially  possible. 

In  my  experience  the  moet  favourable  shape  of  thread  for  produetion  with 

5  dies  and  taps  is  a  shallow  thread  with  a  luge  angle  of  the  sidea. 
give  the  b<wt  cutting  clearance  in  the  screwing  tools.  All  the  bolts  and 
■nuis  lO  screw  threads,  and  the  dilQculties  in  mani^ictuTe,  can  generally  be 
traced  to  the  bad  cutting  clearance  in  screwing  diw  and  taps  for  high  thieada  with 
small  angles  of  die  sioes.  Thus,  through  the  strain  put  on  the  aides  of  such 
threads,  there  is  a  liability  to  breakage  of  the  thresds  on  the  screwing  diee 
and  taps,  and  it  alao  causes  the  screw  to  elongate  and  produces  a  fewer  number  of 
threads  to  the  inch  than  standard  pitch  requires.  This  pitch  error  ia  s  most 
serious  fault,  as  the  stnun  which  should  be  distributed  over  all  the  threads  is 
often  taken  by  only  one  or  two  of  them. 

Owing  to  the  rapid  wear  ot  dies  and  taps  with  a  bad  cutting  cleuuice,  a 
faulty  shape  of  thread  is  produced,  eapecially  at  the  udee  of  the  thread.  The 
angle  of  the  male  thread  la  often  dlfierent  from  that  of  the  female  thread,  and, 
in  auch  caae,  the  hearing  surface  at  tbe  sides  of  the  thread  is,  of  course,  con- 
siderably reduced.     This  fault  is  especially  serious  in  long-sided  threads. 

The  spreading  or  elongation  of  the  thread  is  another  matter  which  I  may  bar* 
refer  to.  It  is  found  necessary  in  tapping  holes  to  drill  or  reamer  the  hole  larger 
than  the  bottom  of  the  thread  on  the  mue  screw.  In  the  proceaa  of  tapfUDg,  the 
thread  elongates  so  as  to  fill  the  cavities  between  the  threads  and  the  tap,  and 
u^D  the  completion  of  th»  operation  the  hole  will  be  found  to  ha  connderabty 
smaller  than  when  tba  tap  was  first  inserted,  This  elongation  alao  oecnis  in 
tbe  mala  thread,  but  to  a  lees  degree,  and  if  proper  allowance  fbr  it  ia  iMglect«df 
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rippinff  of  the  thre«Ia  will  bo  caused.    Uocb  dspends,  ako,  on  tbs  nuterial  to 

be  openited  upon.  In  mild  steel  tbe  elon^tion  lb  more  ^an  in  hard  steel ; 
in  hnu  and  gan  metal  lathei  mora  than  in  njild  Btael ;  and  in  cast  iron  it  is 
conaiilarablT  less  than  in  nther  of  ttie  other  metala  mentioned.  Further,  in 
threads  wiui  a  small  angle  of  the  mdes  it  is  considerably  more  than  in  those  having 
a  l^ve  utgle. 

^Hie  screws  used  in  cyele  constroclion  are  sul^ect  to  even  more  continuous 
Tibration  than  gun  screws,  but  owing  also  to  the  low  nuusin  of  safetj  in  cycle 
work,  it  has  heea  found  necessarj  to  use  ihsllow  thieatw,  so  as  to  give  the 
greatest  poseitile  strength  to  the  core,  and  to  obtain  a  large  angle  of  uie  udes 
of  thread,  which  eepeciallj  is  important,  as  a  large  number  of  parts  are  har- 
dened, and  therefore  the  greatest  possible  strenath  of  thread  is  necessarj. 
While  a  few  firms  use  the  Whltworth  thread  excluaivelj,  others  use  a  shallow 
thread,  ai  before  described,  in  a  portion  of  their  component  parte,  with  Whitworth 
threads  in  the  temunder.  'Witn  the  exception  of  two  instances,  aa  will  be  seen 
from  the  attached  list,  the  shallow  thread  ia  adopted  throughout  for  B.8.A. 
cvde  componentB.  Time,  however,  will  not  permit  me  to  give  the  reasons  whj  a 
diiTerent  thread  is  used  in  the  two  exceptions,  but  tbej  iBuetrate  the  ueceaaity 
which  sometimes  arises  for  the  adoption  of  a  different  thread  to  suit  altered 
conditions. 

The  '  B.S.A.'  thread  is  now  extensiTely  adopted  aa  a  standard  in  the  cycle 
trade,  and  although  the  B.S.A.  Company  make  all  their  own  screws,  the  screw 
manufacturers  to  the  trade  have  found  it  necessary  to  make  the  '  B.S,  A.'  standard 
a  staple  article  of  their  trade,  and  tool  makers  have  also  now  a  marketable  article 
in  taos,  dies,  and  cbasera  for  the  '  B.S.A..'  thread. 

l/ne  illustration  which  was  exhibited  gave  the  section  of  the  '  B.S.  A.' thread, and 
for  comparison  also  sections  of  the  BritUb  Association,  the  Whitworth,  and  the  Seller 
threads.  A  list  of  the  diameters,  pitches,  &c.,  of  the  screws  used  in  the  '  B.S.A.' 
cvcle  eompo'neuta  was  slao  given.  It  is  to  be  noted  that  the  angle  of  the  '  6.S  A.' 
thread  is  60°,  with  tops  and  bottoms  rounded  to  a  radius  of  one-aixth  of  the  pitch, 
and  this  is  prncticall;  the  shape  of  the  thread  used  for  the  screws  of  the  Lei>Enfiela 
liagsxina  Bifle,whidi  ismanufacturedfor  Her  Majesty's  Government  by  the  B.S.A, 
Company. 

3.  T/t«  Photographio  Method  of  preparing  TextiU  Dengns. 
£y  Professor  Roberts  Beauhoht,  M.I,Mech.E.,  Yorkshire  College,  Leed». 

The  preparation  of  designs  for  the  loom  haa,  throoghout  the  history  of 
weaving,  been  regarded  as  a  purely  manual  proceas  controlled  by  the  inlelligenca, 
ingenuity,  and  skill  of  the  craftsman.  It  is  only  natural,  therefore,  that  tite 
invention  of  apparatus  for  this  specific  purpcae  should  have  created  much  interest 
amongst  both  British  and  foreign  textile  experts.  Fhnttwraphy,  as  understood 
and  practised,  appaared  as  incapable  of  aiding  the  artist  in  the  actual  painting  of 
his  incture  as  the  designer  in  the  transference  and  eiecntion  of  the  plain  sketch  of 
the  pattern  on  to  the  'scale'  paper  for  the  loom.  Within  tbe  wide  range  of 
technical  and  scientific  data  ia  the  construction  and  embellishment  of  woven 
fabrics  there  is,  perhaps,  no  phase  of  the  work  more  difficult  to  assail,  by 
mechanical  devices,  than  the  application  and  adjustment  of  the  manifold  '  weave' 
units  which  compoi-e  all  figured  textiles. 

Design  acquired  in  the  loom  is  a  distinct  type  of  ornamentation  involved  in 
varied  technicalities.  It  is  not  the  result  of  one  bot  of  a  number  of  processes,  over- 
lapping eai*b  otber,  and  yet  uniting  to  construct  and  perfect  the  same  woven  effect. 
Fabric  and  design  have  to  be  Himultanenuslv  obtained.  These  can  only  be 
divorced  by  resortinic  to  the  arts  of  printinir.  embroidery,  and  punting.  Obviously, 
in  the  preparation  of  the' desiga  '  bketch  fur  weaving,  numerous  limitations  have  to 
be  encountered,  which,  on  a  tirst  consideration  seem  li'ible  to  be  increased  rather 
than  diiuinisbed  by  a  photographic  processor  deaign-development.  Much  ingenuity 
has  been  exercised  by  Sicxepauili  in  his  solution  of  these  'weave'  problems, 
Sxczepanik's    apparatus  la  not  for   the   origmation    of  deu^s   either  in  the 
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(beorelical  or  (echnic&l  form,  far  in  both  proceasea  the  kooirledge  of  the  expert 
is  dsmtndsd ;  but  its  proTiiiM  is  to  le«en,  and,  in  aome  instancea,  diepenae  with, 
the  monatonoas  manual  labour  necawitat«d  bj  the  present  ajstem.  There  are  large 
Areas  of  paint  paper  in  elaborate  deaigna  to  which  the  aame  weara  nffect  has  to  be 
applied,  and  where  sdedo  labour-aaviug  device  ia  much  needed.  Further,  in  the 
enurgement  of  the  artiat'a  sketch  to  scale  there  is  much  mftchaDLcal  work  that  it 


ought  to  be  possible  to  reduce.    Thephoto^aphic  inTsntiona  of  Siciepanik  proresi 
to  accampliah  these   objacta,  and  the   dengns   aubmitted   pniTe  that  tbers  are 

CibilitisB  of  auccBS  in  certain  stj]t«  of  pattern.  A.  aew  Seld  for  experiment 
been  discovered,  the  extent  of  which  it  is  not  possible  to  forec&at,  but  it  maj 
reasonably  be  anticipated  that  the  genius  and  temeritj  of  the  discoverer  will  prova 
equal  to  its  more  complete  exploration. 

The  essential  purpose  of  Szczepanik's  iuTeution  is  to  develop  from  the  ordinarr 
■ketch  aud  enlar)^  to  a  prescribed  scale  the  technicallj  prepared  deaiKn,  marknd 
with  the  thoiisands,or  may  be  millions,  ofdota  grouped  in  different  nrdera  and sofitt^d 
together  as  to  impart  precise  definition  to  the  several  portions  of  the  woven  Ggnre 
or  design.  The  procees  is  threefold,  consisting  (1)  of  the  preparation  of  the  ruled 
paper ;  {2)  the  development  of  the  design  from  an  ordinary  nliotographic  negative ; 
and  (3)  the  application  of  the  weave  units  to  the  several  parts  of  the  figure. 
Primarily  the  apparatus  consiats  of  an  optical  lanlem  with  a  suitable  arrangement 
of  lenses.  One  important  factor  is  the  'laater'or  multiplying  plate,  containing 
some  43€,60()  perforationa,  through  each  of  which  the  weave  type  passes,  and  ia 
printed  on  the  enlarged  design.  In  addition  there  are  weave-plates  for  det«nnin- 
ing  the  details  of  the  pattern,  and  small  metal  elides  fbr  producing  particolar 
sectbns  in  distinct  forms  of  type,  so  that  they  may  be  as  readily  diatioj^niabed 
from  each  other  as  if  sketched  in  varioos  colours. 

The  light  from  the  lanlem  passes  through  the  negative  of  tha  ieelgtt,  entering 
a  pair  of  lenses  between  which  is  fixed  the  small  metal  plate  of  the  proper  shape 
for  developing  the  marks  on  the  sensitised  psper.  The  process  consist*  in  dividing 
and  suhdividing  the  '  scale '  pattern  Into  rectangular  spaces,  and  of  marking  e*^ 
with  the  correct  weave  type.  When  there  is  no  negative  in  the  lant«m  thia  type 
is  repeated  as  many  times  as  there  are  boles  in  the  '  rastor,*  showing  the 
feaubility  of  marking  every  square  photographically  on  any  kind  of  weaver's 
paper. 

In  the  first  place,  the  negative  ia  made  of  the  complete  deeini,  and  all  parts 
erased  bat  the  ground  eectioiit,  allowing  of  these  bong  printed  with  their  aupple- 
mentary  weave  elements.  Ne^tives  of  every  part  of  the  pattern  are  umilarly 
printed  in  succession  until  the  entire  design  has  been  obtained.  For  the  production 
of  shaded  work,  e.tf.  portraits  and  pictorial  subjects,  selecting  platea  are  employed: 
These  secure  an  accurate  graduation  of  tones  perfectly  in  harmony  with  the 
photograph  from  which  thev  are  derived.  Provision  is  mads  for  the  execution  of 
patterns  in  compound  as  well  as  in  single  structure  fabrics ;  but  it  follows,  the  more 
complex  the  build  of  the  texture,  the  more  intricate  the  prooeae  of  design  produc- 
tion. Certain  textile  designs  ma^  evidentiy  be  produced  photographiMlly  by  tiia 
Sxczepaiuk  aystem,  so  that  it  is  now  a  question  for  demonstration  whether 
designs  so  produced  are  comparable  in  legibility  and  equal  for  all  practical 
purposes — as  forcible  in  detail,  as  vital  in  execution— to  those  prepared  by  the 
much  slower  hand  method. 


i.  Shop  Buildinffg.     By  E.  R.  Clark,  M.Iru>l,G.B. 
5.  The  InUmai  Architecture  of  Steei.     By  Frofesaor  Akrolp. 


6.  A  Ifaw  Form  of  CahrimMUrJor  meaturing  tko  Wetnees  of  Steam. 
By  Professor  J.  Goodha:*. 
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7.  On  the  R«h«aling  of  Compr«ued  Air. 
By  William  Gbobob  Walkeb,  A.M.I.C.E.,  MJ.M^. 

Conaidenbls  ecosomy  mu  be  obtuued  b^  nheating  aonprNwd  fix  twfora 
ftdmitting'  it  to  the  engine. 

Behestiiig  it  MCompliahad  bj  two  methods ; — 

1.  B;  pening:  the  ur  through  hot  pipe*  bBsted  by  a  funuee  fin. 

3.  Bf  pauing  the  oompreBaed  kir  through  water  in  a  boiler  *i  •  tempenitan 
dependiog  on  the  pressure  in  the  boiler. 

The  author  and  Mr.  P.  Y.  Alezandet  have  investimted  than  metboda. 
Generally  apeaking,  the  results  show  that  an  additioDiJ  horae-powar  can  bs 
obtained  with  an  ezpenditnre  of  one  pound  of  coal,  wliich  is  more  efficient  dian 
the  moat  economical  engine  and  boiler  using  steam. 

The  ezperimente  ehow  that  in  msnj  caaea  it  would  prove  adrantagecru  to  tm 
compressed  aii  in  coojuoctjoa  with  steun  in  an  oidinaiy  engine. 
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Sbctioh  H.— ANTHBOPOLOGY. 
Fbhisbht  01  ZHB  Seohox— Probuor  Jobs  Bhxb,  M.A.,  LLJ). 


TBVSSDAT,  BEPTEMBER  6. 

The  Preddent  deliTered  tlie  followiDg  Address; — 

pBBHAPS  I  (night  to  l^iiii  Irjr  ftpologiHing  for  mj  concmicuoua  lick  of  quklific*- 
tion  to  fill  this  cbair,  but  I  preter,  with  your  permiaBiOD,  to  dienuM  th&t  U  a 
■nbject  fax  too  larfte  for  me  to  dispose  of  uiis  momitw.    So  I  would  beg  to  cftll 

Ear  attantioD  back  for  a  rooineiit  to  the  excellent  aadress  gireu  to  this  Seelioii 
±7ear.  It  was  full  of  practical  •of^estions  which  are  well  wortbiecalling:  one 
wu  as  to  the  project  of  a  Bureau  of  Ethnology  for  Oreat«r  Britain,  and  the  other 
turned  on  the  desirability  of  fonndiug  an  Imperial  Institution  to  represent  our  Tsat 
Colonial  Empire.  I  mention  theee  things  in  tlie  hope  that  we  shall  not  leave  the 
Ooremment  and  others  conosmed  any  peace  till  we  have  realised  those  tuodeat 
dreami  of  enlightenment.  People's  minds  are  just  now  so  fall  of  other  thinsa  that 
the  interests  rot  knowled^  and  sdence  are  in  no  little  danger  of  bdng  orerlooted. 
So  it  ia  all  tbe  more  deairable  that  the  British  Association,  as  onr  ^jeat  parlianent 
of  soienoe,  should  take  the  necessary  steps  to  pievent  that  happening,  and  to  ks«^ 
steadily  Wbie  the  public  the  duties  which  a  great  and  composite  nation  like  oois 
owef  to  the  world  and  to  humani^,  whether  civilised  or  savage. 

The  difficulties  of  the  position  of  the  president  of  this  Section  arise  in  a  great 
measure  from  the  vaatnesB  of  the  field  of  research  which  the  Science  of  Man  coven. 
He  is,  therefoie,  constrained  to  limit  his  attention  as  a  rule  to  some  small  comar 
of  it ;  and,  with  the  audacity  of  ignorance,  I  have  selected  that  which  might  be 
labelled  the  eatl^  ethnology  of  the  Britiih  Isles,  but  I  propose  to  approach  it  only 
along  the  precanona  paths  of  folklore  and  philology,lwcaufte  I  know  no  oUwr. 
Here,  however,  comes  a  peiaonal  difficulty:  at  anv  rate  I  suppose  I  ought  to 
pretend  that  I  feel  it  a  difficulty,  namely,  that  1  have  comnutted  myself  to 
publicity  on  that  subject  already.  But  as  a  matter  of  fact,  1  can  hardly  bnoft 
myself  to  confess  to  any  such  feeling ;  and  this  leads  me  to  mention  in  pasmng 
the  change  of  attitude  which  I  have  lived  to  notice  in  the  caae  of  students  in  my 
poution.  Most  of  us  here  present  have  known  men  who,  when  they  bad 
once  prmted  their  views  on  their  fovourite  subjects  of  studv,  stuck  to  those  views 
through  thick  and  thin,  or  at  most  limited  themselves  to  choni^g  tlie  place  of  a 
comma  here  and  there,  or  replncing  an  occasional  and  by  a  but.  The  work  had  then 
been  made  perfect,  and  not  a  few  great  questions  aSectingnoinconsiderableportions 
of  the  universe  had  been  for  ever  eet  at  rest.    That  was  briefly  the  p         ~    ' 


le  process  ol 
getting  ready  for  posterity,  but  one  of  ita  disadvantages  was  that  those  who 
adopted  it  had  to  waste  a  good  deal  of  time  in  the  daily  practice  of  the  art  of 
fencing  and  winning  verbal  victories ;  for,  metaphorically  speaking. 
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Muw  all  tliat,  however  amiiMng  it  tntcy  luTe  Imen,  has  been  changed,  and  what 
BOW  happen*  ia  somewhat  as  follows :  AB  makes  an  experiment  or  propoaDds 
vlMt  he  calls  a  working  hypothesis ;  bat  no  sooner  has  Afi  done  so  than  OD,  who 
is  engaged  in  the  same  sort  of  research,  proceeds  to  improre  on  AB.  This, 
instead  of  impelling  AB  to  rush  after  OD  with  ell  kinds  of  epithetB,  and  ineiaustii^ 
that  his  character  ia  deficient  in  all  the  ordinary  Tirtnee  of  a  man  and  a  brother, 
oxAy  makea  him  go  to  work  ^lain  and  see  whether  he  cannot  improve  on  CD's 
nsalts;  and  most  likely  he  succeediLforone  diaooverr  l^^s  to  another,  Sowv 
have  the  spectacle  not  infrequently  of  a  man  illustrating  the  truth  of  ih*  poefa 
belief, 


It  is  a  severe  disciiJine  in  which  all  displsy  of  feeling  is  conmdered  had  form.  Of 
course  every  now  and  then  a  spirit  of  tlw  ruder  kind  discards  the  rules  of  the  game 
and  attracts  attention  by  hating  public  fits  of  bad  temper ;  but  generally  spcuing 
the  rivalry  goes  on  qiuetly  enough  to  the  verge  of  monotony,  with  the  net  resufi 
that  the  stock  of  Imowledge  ia  increased.  I  may  be  told,  however,  that  while 
this  kind  of  exercise  may  be  sgreeable  to  the  ass  who  writes,  it  is  not  condudve 
to  the  safety  of  the  pablisher's  chickens.  To  that  it  might  si^ce  to  answer  that 
the  publisher  is  usually  one  who  is  well  able  to  tahe  good  care  of  his  chickens ; 
but,  seriously,  what  it  would  probably  mean  is,  that  in  the  matter  of  the  more  pro- 
giesaive  branches  of  study,  smaller  editions  of  the  hooks  dealing  with  them  would  be 
required,  but  a  more  frei^uent  issue  of  improved  editions  of  them  or  else  new  booki 
altogether,  a  state  of  thwgs  to  which  the  publisher  would  probably  find  ways  of 
adapting  himself  without  loss  of  profit.  And  after  all,  tne  interests  of  know- 
ledge must  be  reckoned  uppermost.  It  is  needleea  to  say  that  I  have  in  view  only  a 
claw  of  books  which  literary  men  proper  do  not  admit  to  be  literature  at  all ;  and 
the  book  trade  has  one  of  its  munstsys,  beyond  all  doubt,  in  books  of  pure  litera- 
ture, which  are  like  the  angels  that  neither  marry  nor  give  in  marriage :  they  go  on 
for  evN  in  tlieir  serene  ringleness  of  purpose  to  charm  and  chasten  the  resder'a 

My  predecessor  last  year  alluded  to  an  Oxford  don  said  to  have  given  it  as  his 
conviction,  that  anthropology  raets  on  a  foundation  of  romance.  I  liave  no  notion 
wlio  that  Oxford  don  may  have  been,  but  I  am  well  aware  that  Oxford  dons  have 
sometimes  a  knack  of  using  very  striking  language.  In  this  case,  however,  I 
should  be  inclined  to  share  to  a  certain  extent  that  Oxford  don's  r^ard  for 
romance,  holding  as  I  do  that  the  facta  of  history  are  not  the  only  facts  deserving 
of  careful  study  by  the  anthropologist.  There  are  also  the  facts  of  fiction,  and  to 
some  of  those  I  would  now  call  vour  attention.  Recently,  in  putting  Ic^gsther 
a  volume  on  Welsh  folklore,  I  had  to  try  to  classify  and  analyse  in  my  mind  the 
stories  which  have  been  current  in  Wues  about  the  jairies.  Now  the  mass  of 
folklore  about  the  furiea  is  of  various  origins.  Thus  with  them  have  been  more  or 
leas  inseparably  confounded  certain  divinities  or  demons,  especially  various  kinda 
of  beings  associated  with  the  rivers  and  lakes  of  the  country.  They  are  creations 
introduced  from  the  workshop  of  the  imagination ;  then  there  is  the  dead  ancestor, 
wfao  also  seems  to  have  contributed  his  share  to  the  sum  total  of  our  notions  about 
the  Little  People.  In  far  the  greater  number  of  cases,  however,  we  seem  to  have 
something  historical,  or,  at  any  rate,  something  which  may  he  contemplated  SB 
historicaL  The  key  to  the  fUry  idea  is  that  there  once  was  a  real  race  of  people 
to  whom  all  kinds  of  attributes,  possible  and  impossible,  have  been  pven  in  the 
course  of  uncounted  centuries  of  story-telling  hj  races  endowed  with  a  lively 
imannatjon. 

When  the  mortal  midwife  has  been  fetehed  to  attend  on  a  fwry  mother  in  a 
fury  palace,  she  is  handed  an  ointment  which  she  is  to  apply  to  the  fury  bab^s 
eyes,  at  the  game  time  that  ahe  is  gravely  warned  not  to  touch  her  own  eyes  with 
it.  Of  course  any  one  can  foresee  that  when  she  is  engaged  in  applying  the 
ointment  to  the  young  fairy's  eyes  one  of  her  own  eyes  is  certain  to  Itch  and  have 
the  benefit  of  the  forbidden  salve.    When  this  happens  the  midwife  has  two  very 
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di^ent  viem  of  bar  mirroandiiiKs :  with  the  untouched  eje  she  eete  that  she  it 
in  ths  fliMBt  knd  grandert  pUee  th»t  ahe  bu  ever  beheld  in  her  life,  and  then  ibe 
mi  see  the  lady  on  whom  aba  ia  attending  repoaing  on  a  bed,  while  with  the 
anointed  eje  die  perceives  how  abe  ia  iTintf  on  a  bondle  of  nufaee  and  witlund 
ftnia  in  a  laiva  cave,  with  big  atonea  aU  round  her  and  a  little  fin  in  caia 
eomer,  and  abe  alao  diaooren  that  the  woman  ia  a  girl  wbo  haa  once  beea 
her  aerrant.  Like  the  midirife  we  h&Te  also  to  ezereiae  a  sort  of  donble  linon, 
if  we  ate  to  Qnderatand  the  fairiee  and  aee  through  the  atoriea  about  them.  An 
initaace  will  explain  what  I  mean :  Fair]'  women  are  pretty  generally  repieewited 
M  faacinating  to  tbe  laat  degree  and  gorgeouily  dresaed :  that  ia  how  tb«f 
appear  tiirongh  the  glamour  in  which  they  move  and  have  ttfeir  being.  On  tlie 
otoei  hand,  not  only  are  eome  tribee  of  some  feirieiB  described  as  ugly,  but  Uirj 
diildren  when  left  aa  cbangelinga  are  pictured  invariably  as  repnlsiTe  urcbina  of  a 
■allow  complezioD  and  moatly  formed  about  the  feet  and  lege  i  there  we  hafs 
the  nal  fury  with  the  glamour  taken  off  and  a  certun  amount  of  depreciatory 
ezaMetation  put  on. 

Now  when  one  approaches  the  fuiy  question  in  this  kind  of  way,  one  is  forced, 
H  atrikw  me,  to  conctnde  that  the  &inee,  as  a  real  people,  consiated  of  a  short, 
■tmnpy,  cwutby  race,  which  made  its  babitationa  underground  or  otherwise 
cunningly  concealed.  They  were  huntera,  probably,  and  fishermen  ;  at  anv  rate 
tbey  were  not  tillers  of  the  ground  or  eatera  of  bread.  Host  likely  tbey  hoj  aome 
of  the  domesUc  animals  and  lived  mainly  on  milk  and  the  produce  of  the  chase, 
together  with  what  they  got  by  stealing.  They  seem  to  have  practised  the  art 
ofjijnnning,  though  they  do  not  sppesr  to  have  thought  much  of  clothing.  They 
bad  no  tools  or  implements  made  of  metal.  They  bad  probably  a  language 
oftheir  own,  which  would  imply  a  time  when  tbej  nndentood  no  other  and 
•zplain  why,  when  tliey  came  to  a  town  to  do  their  marketiog,  they  laid  down 
the  exact  money  without  uttering  a  syllable  to  anybody^  by  wa^  of  bargaining  foi 
tbeir  purchases.  Tb^  counted  by  fives  and  only  dealt  in  the  aunplest  of  numbera. 
They  were  inordinateJ;  fond  of  music  and  daucinff.  They  had  a  marvellonsly 
quick  sense  of  hearing,  and  they  were  consummate  thieves:  but  their  thieving  was 
not  systematically  resented,  as  tbetr  visits  were  held  to  bring  luck  sod  proaperi^. 
More  powerful  races  generally  feared  them  as  formidable  magidans  who  knew  the 
future  and  could  cause  or  cure  disease  as  they  pleased.  The  -fairies  took  pains  to 
conceal  their  names  no  less  than  their  abodes,  anil  when  the  name  happened  to  be 
discovered  by  stranKers  the  bearer  of  it  usually  lost  heart  and  c-oosidered  himself 
beaten.  Their  famdy  relations  were  of  the  lowest  order :  tbey  not  only  reckoned 
no  fathers,  bat  it  may  be  thaC,  like  certain  Australian  savages  recenUv  described 
by  Spencer  and  Gillen,  they  bad  no  nodon  of  patemily  at  all.  llie  ata^  of 
civilisation  in  which  fatherhood  is  of  little  or  no  account  has  left  evidence  of  itself 
in  Celtic  literature,  ss  I  shall  show  presently;  but  the  other  and  lower  stage 
anterior  to  the  idea  of  fatherhood  at  all  comes  into  sigbt  only  in  certain  bits  of 
iblklore^botli  Welsh  and  Irish,  to  the  effect  that  the  fairies  were  all  women  and 
girls.  Where  could  such  an  idea  have  originated  ?  Only,  it  seems  to  me,  among 
a  race  once  on  a  level  with  the  native  Australians  to  whom  I  have  alluded,  and 
of  whom  Frater  of 'tbe  Qolden  Bough'  wrote  as  follows  in  last  year's  'Fort- 
nightly Review;'  'Thus,  in  the  opinion  of  these  savagsa,  every  cooception  is 
.what  wa  are  wont  to  call  an  immaculate  conception,  being  Droaght  about  by  the 
entnnoe  into  the  mother  of  a  spirit,  apart  from  anv  contact  with  the  other  sex. 
Students  of  folklore  have  long  been  fiuniliBT  with  the  notians  of  thisaort  occurring 
^  the  stories  of  the  birth  of  miraculous  personages,  but  this  is  the  first  caae  on 
record  of  a  tribe  wbo  believe  in  immaculate  conception  as  the  sole  cause  of  the 
birth  of  every  human  being  who  comes  into  the  world.  A  people  so  ignorant  of 
the  most  elementary  of  natural  processes  may  well  rank  at  the  very  bottom  of  the 
savage  scale.'  Those  are  Dr.  Fraser's  words,  and  for  a  people  in  that  stage  of 
ignorance  to  have  imagined  a  race  all  women  seems  hmcal  and  natnral  enough — 
but  for  no  other.  The  direct  conclurion,  however,  to  be  drawn  ^m  this  aigS' 
ment  is  that  some  race — possibly  more  than  one — which  has  contributed  to  the 
folklore  about  our  fairiei^  has  passed  through  the  stage  of  ignoruice  just  indicated ; 
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but  4S  tn  bdirect  Inference  one  would  jirobsblj  be  right  in  auppounf^  thia  mce 
to  bsTe  b«en  no  other  than  the  vbij  primitive  one  which  hu  nen  ezaggented 
into  fttries.  At  the  same  time  it  muat  be  admitted  that  they  could  not  have  been 
■ingulai  always  in  this  respect  among  tbe  natione  of  aotiquitT,  as  is  smplj  prored 
by  the  prevalence  of  legends  about  virgin  mothers,  to  whoin  Frater  alludeo, 
not  to  mention  certain  wildstories  such  u  someof  those  recorded  by  the  natimdist 
Fliny  concerning  certain  kinda  of  animals. 

Sota«  help  to  make  out  the  real  hiatorv  of  the  Little  People  may  be  derived 
from  the  names  given  them,  of  which  the  most  common  in  WeLth  is  that  of 
y  Tylunfth  Teg  or  the  Fair  Family.  But  the  word  cor, '  a  dwarf,'  feminine  corrtt, 
U  also  applied  to  them  ;  and  in  Breton  we  have  the  eame  word  with  such  deiiva- 
tivM  as  koTTik,  '  B  fairy,  a  w«e  little  wizard  or  sorcerer,*  with  a  feminine  korrigan 
or  korrigez,  analogously  meaning  a  sbe-lairy  or  a  diminutive  witch.  From  cor  we 
have  in  Welsh  the  name  of  a  people  called  the  Coranniana  figuring  in  a  story  in 
the  fourteenth-century  manuscript  of  the  Red  Book  of  Hergest.  There  one  learns 
that  the  Corannians  were  such  consummate  magicians  that  they  could  hear  every 
word  that  reached  the  wind,  as  it  is  put ;  so  they  could  not  be  harmed.  The  name 
Coranniana  of  those  fairies  has  suggested  to  Welsh  writers  a  siToilar  explanation 
of  the  name  of  a  real  people  of  ancient  Britain.  I  refer  to  the  (?or iVani,  whom 
Ptolemv  located,  roughly  speaking,  between  tbe  river  Trent  and  Norfolk,  assigning 
to  them  the  two  towns  of  Lindtan,  Lincoln,  and  Sattt,  supposed  to  have  been 
approximately  where  Leicester  now  stands.  It  looks  as  if  all  invaders  from 
the  Continent  hod  avoided  the  coast  from  Norfolk  up  to  the  neighbourhood  of  tbe 
Humber,  for  tbe  good  reason,  probably,  that  it  afforded  very  few  inviting  landing- 
places.  So  here  presumably  tbe  ancient  inhabitants  may  have  survived  in  suffi- 
cient numbers  to  nave  been  called  by  their  neighbours  of  a  difierent  race  'tbe 
dwarfs '  or  Corttani,  as  late  as  Ptolemy's  time  in  the  second  century.  This 
barmonisea  with  the  fact  that  the  Coritani  are  not  mentioned  as  dcnng  anything, 
all  political  initiative  having  long  before  probably  passed  out  of  their  hands  inio 
those  of  a  more  powerful  race.  How  for  inland  tbe  Coritonian  territory  extended 
it  is  imposible  to  say,  but  it  may  have  embraced  the  northern  half  oFNortb- 
amptonsnlre,  where  we  have  a  place-name  I^tcAlet/,  from  an  earlier  Fihlet  iia, 
meaning  'The  Pict's  Msitdow,'  or  else  the  meadow  of  a  man  calLtd  Pict.  At  all 
events,  their  country  took  in  the  fen  district  containing  Croyland,  where  towards 
the  end  of  the  seventh  century  St.  Outblac  set  up  his  cell  on  the  side  of  an 
ancient  tumulus  and  wasdiatarbedby  demons  that  talked  Welsh.  Certain  portions 
of  the  Coritanian  country  offered,  as  one  may  infer,  special  advantages  as  a  home 
for  retreating  nationalities:  witness  as  late  as  the  eleventh  century  the  resistance 
offered  by  Hereward  in  the  Isle  of  Fly  to  the  Norman  Conqueror  and  his  mail- 
clad  warriors. 

In  reasoning  backwards  from  tbe  storiea  about  the  Little  People  to  a  race  in 
some  respects  on  a  level  with  Australian  savngee,  we  come  probably  in  contact 
with  one  of  the  very  earliest  populations  of  these  islands.  It  is  needless  to  say 
tliat  we  have  no  data  to  ascertain  how  long  that  occupation  may  have  been 
unecnt«sted,  if  at  all,  or  what  progress  was  made  in  tbe  course  of  it;  perhaps 
archnolc^ty  will  be  able  some  day  to  help  us  to  form  a  gueas  on  that  subject.  But 
the  question  more  immediately  pressing  for  anawer  is,  with  what  race  outside 
Wales  may  one  compare  or  identify  the  ancient  stock  caricatured  in  Welsh  fairy 
tales  P  ^ow,  in  the  lowlands  of  Scotland,  together  with  tbe  Orkneys  and  Shet- 
lands,  the  place  of  nur  fairies  ii  to  some  extent  taken  by  the  Picts,  or,  an  they 
are  tbere  colloquially  called,  'the  Pechta.'  My  information  about  the  Pechta 
cornea  mostly  from  recent  writings  on  the  subject  by  Mr.  David  MacRitcbie,  of 
IJdinburgh,  from  whom  one  learns,  among  other  things,  that  certain  underground — 
or  partially  underprotind — hubitationa  in  Scotland  are  aacribed  to  the  Pecbts. 
Now  one  kind  of  these  Peehts*  dwellings  appear  from  the  outside  like  hillocks 
covered  wiib  grass,  so  ss  presumably  not  to  attract  attention,  an  object  which  was 
Airther  helped  by  making  tbe  entrance  ven-  low  and  as  inconsiiicuous  as  possible. 
But  one  of  tbe  most  remarkable  things  about  them  is  tbe  fact  that  the  cells  or 
apartments  into  which  they  sre  divided  ai«  frequently  so  small  that  tliaz  inmatci 
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moat  bave  been  of  veiy  Bhort  stature,  lika  out  Welsh  fairies.  Thus,  thoiigfi  that 
•ppMim  to  be  no  reason  for  regsidinff  tbe  aorthem  Kcts  themselves  as  an  noder^ 
•iMd  nee,  then  must  have  been  a  people  of  that  deacri{)tion  in  th^  country. 
I'erhips  archnologists  ma;  succeed  in  classi^iiig  the  ancient  habitatioiiB  in  the 
Korth  sccordJDglT :  that  is,  to  l«ll  us  what  class  of  them  were  built  bv  the  PicU 
add  what  by  tbe  t^ittle  People  whom  they  ma;  be  supposed  to  ba-TO  foui^  in  }rt)as(a- 
sion  of  that  part  of  om  island. 

In  Ireland  and  the  Higblands  of  Scotland  the  iairies  derive  thdr  more  usual 

r illations  from  a  word  ild  or  HtA  (genitive  ride),  which  ma;  perhaps  be  akin  to 
Latin  lidei  and  have  meant  a  seat,  settlement,  or  station ;  hnt  whatever  its 
exact  meaning  ma;  have  ori^^all;  beeu,  it  came  to  be  applied  to  the  hillocks  or 
mounds  within  which  tbe  LittJe  People  made  their  abodes.  Thus  Aa  tSide  as  a 
name  for  the  fairiee  ma;  be  rendered  b;  mound  people  or  hill  folic ;  /er  Ms, '  a 
fair;  man,'  by  a  mound  man ;  and  ben  ride  b;  a  mound  woman  or  banshee.  The; 
were  also  cdled  simpt;  ride,  which  would  seem  to  be  an  adjective  doeel;  allied 
with  tbe  simpler  word  kd. 

Bat  to  leave  this  question  of  thwr  nsmes,  let  me  direct  ;our  attention  for  a 
moment  to  one  of  tbe  most  famous  kings  of  the  fairies  of  an^ntErtn:  he  was 
called  Mider  of  Brf  I/ith,  said  to  be  a  hill  to  the  west  of  Ardagh,  in  the  present 
count;  of  Longford,  There  be  had  bismound,  to  which  he  once  carried  the  queen 
of  Eochaid  Airem,  monarch  of  Ireland.  It  was  some  time  before  Eochaid  could 
discover  what  bad  become  of  her,  and  he  ordered  Dalan,  hU  druid,  to  find  it  out. 
So  the  druid,  when  he  had  bees  unsuccesslul  forawholc  year,  prepared  four  twigs 
of  yew  and  wrote  on  them  in  Ogam.  Tben  it  was  leTealed  to  him  through  bis 
keys  of  seership  and  through  tbe  Ognm  writiDg,  that  the  queen  was  in  tbe  rid  of 
Bri  Uith,  having  been  taken  thither  b;  Mider.  B;  this  we  are  probably  to 
ujiderstand  that  the  druid  sent  fbrtb  the  Ogam  twigs  as  letten  of  enquiry  to  other 
druida  in  different  parts  of  the  country  ;  hut  in  an;  ease  he  was  at  last  successful, 
and  his  king  hurried  at  the  head  of  an  army  to  Brl  L^ith,  wheie  they  began  in 
earnest  to  demolish  Mider's  mound.  At  tbia  Mider  was  so  frightened  that  he  sent 
the  queen  forth  to  her  husband,  who  then  departed,  leaving  tbe  fairies  to  digest 
their  wrath;  for  it  is  characteristic  cf  them  that  tbey  did  not  flght,  but  bided  their 
time  for  revenge,  which  in  this  caw  did  not  come  till  long'  after  Eochaid's  day. 
Now,  with  regaid  to  tbe  fairr  king,  one  is  not  told,  so  &r  as  I  can  call  to  mind, 
that  be  was  a  dwarf,  but  me  dwarfs  were  not  far  off;  for  we  read  of  an  Irish 
satirist  who  is  represented  as  notorious  for  bis  stinginess,  and  who,  to  emphasise  the 
description  of  his  inhospitable  habits,  is  said  to  have  taken  from  Mider  three  of  his 
dwarrsand  stationed  them  around  bis  own  house,  in  order  that  their  truculent  looks 
and  rude  wo/da  might  repel  any  of  the  men  of  Erin  who  might  come  seeking  hospita- 
lity or  bringing  any  other  inconvenient  request.  The  word  used  for  dwarf  in  this 
story  is  corr,  which  is  usually  tbe  Irish  for  a  crane  or  heron,  hut  here,  and  in  some 
Other  instances,  which  I  cannot  now  discuss,  it  seems  to  have  been  identical  with  the 
Brythonic  cor,  'a  dwarf.*  It  is  remarkable,  moreover,  that  the  ifile  assigned  to 
the  three  Irish  com  is  much  the  same  us  that  of  the  dwarf  of  Edem  son  of 
Nudd,  ui  tbe  "Welsh  story  of  Geraint  and  Enid  and  Ohrdtien  de  Troiee'  &te, 
which  characterises  him  as  fel  et  de  put'tire, '  treacherous  and  of  an  evil  kind.' 

B;  wa;  of  Bummarising  theee  notes  on  the  Mound  Folk  I  may  say  that  I 
should  regard  them  as  isouted  and  wretched  remnants  of  a  widely  spread  race 
poaeesdng  no  political  significance  whatsoever.  But,  with  the  ineonsistencr 
characteristic  ca  everything  connected  with  tbe  tkiries,  one  has  on  tbe  other  band 
to  admit,  that  this  strange  people  seems  to  have  exercised  on  the  Celts — probably 
on  other  races  as  well — a  sort  of  permanent  spell  of  mysterioumeM  and  awe 
stretching  to  the  verge  of  adoration.  In  factjlrisb  literature  states  that  tlie  pagan 
tibes  of  Erin  befi»e  tbe  advent  of  St.  Patrick  used  to  worship  the  ride  or  tbe 
savage  Lastly  the  Celt's  he ulty  of  exaggeration,  comtnnedwitn  bis  incapacity 
ignorancehend  the  weird  and  uncanny  population  of  tbe  mounds  and  cavee  of  his 
but  for  nois  enabled  him,  in  one  way  or  another,  to  bequeath  to  tbe  great  liters- 
ment  is  thactem  Europe  a  motley  train  of  dwarfs  and  little  people,  a  whole  world 
folklore  about-d  a  vast  wealth  of  utopianism.    If  yon  lubtracted  from  EngUib 
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litentare,  for  exunple,  ail  that  haa  been  contributed  to  ita  Tsat  stores  &om  thia 
native  aoDree,  you  would  find  that  toq  left  a  wide  and  unwelcome  void. 

But  the  question  moat  preaent  itself  sooner  or  later,  with  what  race  ontaida 
these  ialands  we  are  to  compare  or  identifj  oar  mound-dwelleTB.  I  am  not  pre- 
paid to  answer,  and  I  am  disposed  to  aak  our  aicbieolt^ste  what  tbej  think.  In 
the  meantime,  however,  I  msj  saj  that  there  are  several  conaideratioos  which 
would  impel  me  to  think  of  the  Lapps  of  the  North  of  Europe.  But  even  supposing 
an  identity  of  origin  could  be  made  out  aa  between  our  ancient  mound-inhabitinff 
nee  and  the  Lapps,  which,  I  am  told,  is  cnniolt^cally  impossible,  it  wouU 
ranuun  still  doubtful  whether  we  could  expect  anj  luiguistic  help  from  Lapland, 
The  Lapps  now  speak  a  language  belonging  to  the  Ugro-Finiiic  femily,  but  the 
Lappa  are  not  of  the  same  race  as  the  Finns ;  so  it  is  possible  that  the  I«ppe  hare 
adopted  a  Finnish  language  and  that  ther  did  so  too  late  for  their  pneent  ianguage 
to  selp  us  with  regard  to  any  of  our  linguistic  difficulties.  One  of  these  Ues  in 
onr  topi^raphj :  take  for  instance  only  the  names  of  our  rivers  and  brooks — there 
is  probaUT  do  county  in  the  kingdom  that  would  be  too  small  to  supply  a  doien 
or  two  vmich  would  baffle  the  cleverest  Aryan  etymologist  you  could  invite  to 
explain  thnn ;  and  why  P  Because  they  belong  in  all  probability  to  a  non-Celtic, 
non-Aryan  language  of  some  race  that  had  early  possession  of  our  islands.  Neve^ 
theless  it  is  very  deeirable  that  we  should  have  full  lists  of  such  namea,  so  aa  to 
see  which  of  them  recur  and  where.  It  is  a  subject  deserving  the  attention  of 
this  Section  of  the  British  Association. 

We  have  now  loitered  long  enough  in  the  gloom  of  the  Pecht's  house  i  let  ns 
leave  the  glamour  of  the  fairies  and  see  whether  any  other  race  has  had  a  footing 
in  these  iuands  before  the  coming  of  the  Celts.  In  August  16DI  Professor  Sayce 
and  I  spent  some  fine  days  together  in  Kerry  and  other  parts  of  the  south-west  of 
Ireland.  He  was  then  full  of  his  visits  to  Korth  Africa,  and  he  repeatedly  assured 
me  that,  if  a  number  of  Berbers  from  the  mountains  hod  been  transKired  to  a  village 
in  Kerry  and  dad  as  Irishmen,  he  would  not  have  been  able  to  lell  them  bj  their 
looks  mm  native  Irishmen  such  as  we  saw  in  the  course  of  our  excursions.  This 
teemed  to  me  at  the  time  all  the  more  Temsrkable  as  his  reference  was  to  fairiy 
tall,  blue-eyed  persons  whose  hair  was  rather  brown  than  black.  Evidence  to  the 
nme  effect  might  now  be  cited  Id  detail  from  Professor  Haddon  and  his  fiends' 
reeearcheH  among  the  population  of  the  Arran  Islands  in  Gtalway  Bay,  Such  ia 
one  side  of  tJie  question  which  I  have  in  my  mind :  the  otlier  side  conmsta  of 
tiie  fact  that  the  Celtic  languages  of  to-day  nave  been  subjected  to  some  die- 
tubing  inSuence  which  has  msoe  tbdr  syntax  unlike  that  of  the  other  Airaa 
languages.  I  have  long  been  of  opinion  that  the  racial  interpretation  of  that  fact 
must  be,  that  the  Celts  of  our  islands  have  assimilated  another  race  using  a 
language  of  its  own  in  which  the  syntactical  peculiarities  of  Neo-Celtie  had  their 
origin:  in  fact  that  some  such  race  clothed  its  idioms  in  tbe  vocabulary  whicli 
It  acquired  from  the  Celts.  The  problem  then  was  to  correlate  those  two  facta. 
X  am  happy  to  »icj  this  has  now  been  undertaken  from  the  language  pmnt  of  view 
Iby  Professor  J,  Morris  Jones,  of  the  University  College  of  Korth  Wales.  The 
results  have  been  made  public  in  a  book  on  The  Welih  People  recently  published 
by  Hb.  fisher  Unwin.  The  paperis  entitled  'Pre-Celtic  Syntax  in  Insular  Celtic,' 
and  the  languages  which  have  therein  been  compared  with  Celtic  are  old  Egn'ptian 
and  cerbuD  dialects  of  Berber.  It  is  all  so  recent  that  we  have  as  yet  had  no 
criticism,  but  the  reasoning  is  so  sound  and  the  arguments  are  of  so  cumulative  a 
nature,  tiiat  I  see  no  reason  to  anticipate  that  the  professor's  conclusions  are  in  any 
danger  of  being  overthrown. 

At  the  close  of  his  linguistic  aigunient,  Professor  Morris  Jones  quotes  a  French 
anthority  to  the  effect,  that,  when  a  Berber  king  dies  or  is  deposed,  which  seems  to 
happen  often  enough,  it  is  not  his  son  that  is  called  to  succeed  him,  but  the 
son  of  his  sister,  as  appears  to  have  been  usual  among  certain  ancient  peoples  of 
this  country ;  but  of  this  more  anon.  In  the  next  place  my  attention  bos  been 
called  by  Professor  Sayce  to  the  fact  that  ancient  f^plion  monuments  reptceent 
the  Libysna  of  North  Africa  with  their  bodtea  tattooed,  and  that  even  now  some 
of  the  Touaregs  and  Kabyles  do  the  same.    These  indications  help  one  to  group 
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the  ancisbt  peoplee  of  the  BritUh  Iiilea  to  whoae  iuQneBce  we  an  tc  Bserilw  tlis 
non-Arjan  features  of  Tv'eo-Cellic.  In  the  Biat  plice  one  cannot  avoid  fixing  on  the 
Picts,  who  were  bo  called  becsuM  of  their  habit  of  tattooing  theoitelvfB.  For  u 
to  th&t  ftct  there  seems  to  be  no  room  for  doubt,  and  Mc.  Nlubolson  justly  la;« 
itrew  on  the  tettimony  of  the  Qreek  hiatarian  Huodian,  who  lived  in  the  time  of 
Sevenia,  and  wrote  about  the  latter'a  expedition  a^ntt  tha  nativee  of  North 
Britain  a  long  time  before  the  term  Picti  appears  m  literature.  Fw  Herodian, 
after  saying  that  they  went  naked,  wriiea  about  ihem  to  the  foUowii^ 
effect :  '  They  puncture  their  bodies  with  colonred  designs  and  the  figures  of  am- 
mals  of  all  kinds,  and  it  is  for  this  reiuon  that  they  do  not  wear  clothea^  lest  one 
should  not  behold  the  designs  on  their  bodim.'  This  is  borne  out  by  the  namas  by 
which  the  Picts  have  been  known  to  the  Celts.  That  of  Pict  ie  itself  in  point, 
and  1  shall  have  something  to  uy  of  it  presently ;  but  one  of  the  other  names  was 
in  Irish  Crvitkni,  and  in  Welsh  we  have  its  etymological  equivalent  in  Frydyit  or 
Piydaiu,  These  vocables  are  derived  respectively  from  Irish  crulh  and  Welsh 
pryd,  both  meaning  shape,  form,  or  figure,  and  it  ia  an  old  surmise  that  the  Picts 
were  called  by  those  names  in  allusiouto  the  animal  forms  pricked  on  their  bodies, 
sa  deacribed  by  Herodian  and  others.  The  earlier  attested  of  these  two  names 
may  be  eaid  to  be  Frydyn  or  Prydain,  which  the  Welsh  used  to  give  in  the  Aliddle 
Ages  to  the  Picts  and  the  Plctland  of  the  North,  while  the  term  rni/i  Pn/dain  was 
retained  for  Great  Britain  as  a  whole,  the  literal  meanlog  being  the  Islsiid  of  the 
Picts :  that  is  the  only  name  which  we  have  in  Welsh  to  this  day  for  this  island 
in  which  we  live — Ym/i  Prydain,  '  The  Picts'  Island.'  Now  one  detects  this  word 
Prydain  in  effect  in  the  Greek  Ilprro^utal  Nitrw  given  collectively  to  all  the  British 
Isles  by  ancient  authors.  It  may  be  rendered  the  Pictish  Islands,  hut  a  confusion 
seems  to  have  set  in  pretty  early  with  the  name  of  the  Brittanni  or  Brittonea  of 
South  Britain:  that  ia  to  say,  Pretanic, '  Pictish,'  became  BrittaJinic  or  British; 
and  this  is,  historically  speaking,  the  only  known  justificaUon  we  have  for  includ- 
ing Ireland  in  the  comprehensive  term  '  The  British  Isles,'  to  which  Irisbmen  are 
sometimes  found  jocularly  to  object. 

In  the  next  place  may  be  mentioned  the  Tuatha  XH  Danann  of  Iiisb  l^end, 
who  cannot  always  be  distinguiahed  from  the  Picts,  aa  pointed  out  by  Mr. 
MacRitchie.  The  tradition  about  Ihem  is,  that,  when  thej  were  overcome  id  war 
bj  Mil  and  his  Milesians,  tbey  gave  up  their  life  above  ground  and  retired  into 
the  hills  like  the  fairies,  a  story  of  little  more  value  than  that  or  the  extermination 
of  the  Picts  of  Scotland.  In  both  countries  doubtless  the  more  ancient  race 
survived  to  amslgamate  with  its  conquerors.  There  was  probably  some  amount 
of  amalgamation  between  the  Tuatha  D6  Danann  or  the  Picts  and  the  Little 
Moundsmeu ;  but  it  is  uecesiiary  not  to  confound  them.  The  Tuatha  shared 
with  the  Little  People  a  great  reputation  for  mngic;  but  they  differed  from 
them  in  not  being  dwarfs  or  of  a  swarthy  complexion :  they  are  usually  represented 
as  fair.  In  the  case  of  Mider,  the  faiiy  'tingi  who  comes  is  some  respects  near  the 
description  of  the  heroes  of  the  Tuatha  D6  Danann,  it  is  to  be  noticed  that  he  wai 
a  wizard,  not  a  warrior. 

Guided  by  the  kbshipof  theoatue  of  the  Tuatha  IW  Danann  on  the  I)ish  side 
of  the  sea  and  that  of  tbe  Sons  of  JDun  on  this  side,  1  may  mention  that  the 
Uabinogion  place  the  Sons  of  Dun  on  tbe  aeaboatd  of  North  Wales,  in  wbat  is 
now  Oamarvon shire :  more  precisely  their  country  was  the  region  extending  from 
the  mountains  to  theses,  especially  opposite  Anglesey,  In  that  district  we  have 
at  least  three  great  prehistoric  sites  all  on  the  cnast-.  First  comes  tbe  great 
strongbotd  on  the  top  of  Penmaen  Mawr ;  then  we  bave  tbe  huge  mound  of  Dinas 
Dinlle,  eaten  into  at  present  by  Lbe  sea  »outh-west  of  the  western  mouth  of  the 
Menai  Straits ;  and  lastly  there  is  the  extensive  fordScation  of  Tre'r  Oiri,  orer- 
looking  Dinlle  from  the  heights  of  tbe  Eifl.  By  its  position  Tre'r  Ceiri  belonged 
to  the  Sons  of  Ddn,  and  by  its  name  it  seems  to  me  to  belong  to  the  Picts,  which 
comea,  I  believe,  to  the  same  thing.  Now  tbe  name  Tre'r  Ceiri  means  the  town 
of  the  Edri,  uid  the  Welsh  word  etiri  is  used  in  ths  district  in  the  sense  of 
persons  who  are  boastful  and  ostentatious,  especially  in  the  matter  of  personal 
appearance  and  fine  clothing.     It  is  aometimca    also    confonndwl  witn  ceierif 
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'  ejatits,'  int  In  the  name  of  Tre'r  Ceiri  it  doubtlws  wafts  down  to  ns  an  echo  of 
tbs  pereonal  conceit  of  tbe  ancient  Picta  with  their  akine  tattooed  with  deeorative 
^ietuiee ;  and  Welsh  literature  auppliea  a  parallel  to  the  name  Tta/»  Frudain  in 
one  which  ia  found  written  Yityi  y  CeUri,  both  of  which  may  be  rendered  equally 
the  Island  of  the  Picts,  but  more  literally  perbape  some  such  rendering  as  '  the 
Island  of  the  Fine  Men'  would  more  nearly  hit  the  mart.  Lastly,  with  the  Sona 
of  D6n  must  probably  be  clagaed  the  other  peoples  of  tbe  Mabinogion,  such  aa  the 
families  of  Ll;r,  and  of  Pwyll  and  Bhiannon. 

All  these  peoplea  of  Britain  and'  Ireland  were  warlike,  and  sucb,  m>  far 
as  one  can  see,  that  the  Celts,  who  arrived  later,  might  with  them  form  one  mixed 
people  with  a  mixed  language,  nicb  as  Piofeesor  Morria  Jonee  has  been  hetpiag 
to  account  for. 

Let  us  noir  see  for  a  moment  how  what  ws  read  of  tbe  Btat«  of  society  implied 
in  the  atoriee  of  the  Mabinogion  will  fit  into  the  hypothesis  which  I  have  roughly 
ahetched.  In  the  first  place  I  ouc-hi  to  explain  that  the  four  stories  of  tbe 
Mabinc^on  were  probablj  put  togeuer  originally  in  the  Qoidelic  of  Wales,  before 
they  aasamcd  a  Brytbonic  dress.  Further,  in  the  form  in  which  we  know  tbem, 
they  have  passed  through  tbe  hands  of  a  scribe  or  editor  living  in  Norman 
times,  who  does  not  always  appear  to  have  understood  the  text  on  which  he 
was  operating.  To  make  out,  therefore,  wbat  tbe  original  Mabint^ion  meant, 
one  has  every  now  and  then  to  read,  so  to  say,  between  tbe  lines.  Let  ns  take 
for  example  the  Mabinogi  called  aiter  Branwen,  daughter  of  Llyr.  She  waa 
aister  to  Br4n,  king  of  Frydain,  and  to  Manawyddan,  bis  orotber :  she  was  given  to 
wife  to  an  Irish  king  named  Matholwcb,  by  whom  she  had  a  son  called  Gwern. 
In  Ireland,  however,  she  waa,  after  a  time  disgracnd,  and  served  in  somewhat 
the  same  way  as  tbe  heroine  of  tbe  Oudrun  La;  ;  but  in  tbe  course  of  tbe  time 
which  she  spent  in  a  menial  poeition,  doine  the  baking  for  the  Uourt  and  having  a 
box  on  the  ear  administered  to  ber  daily  Dj  tbe  cook,  she  succeeded  in  rearing  a 
starling,  which  one  day  carried  a  letter  from  ber  to  ber  brother  Bran  at  Harlech. 
When  tbe  latter  realised  bia  sister's  position  of  disgrace,  be  headed  an  expedition 
to  Ireland,  whereupon  Matholwch  tried  to  appease  bim  by  making  a  concession, 
which  was,  that  he  should  deliver  his  kinf^dom  to  tbe  boj  Qwem.  Now  the 
question  is,  wherein  did  the  concession  consietF  The  redactor  of  the  Mabinogi 
could,  seemingly,  not  have  answered,  and  he  has  not  made  it  tbe  easier  for  any  one 
else  to  answer.  In  the  first  place,  instead  of  calling  Gwem  son  of  Matholwcn,  he 
should  have  called  him  Gwem  son  of  Bmnwen,  after  hia  mother,  for  the  key  to 
the  sense  is,  that,  in  a  society  whicb  reckoned  birth  alone,  Gwem  was  not  recog~ 
nised  as  any  relation  to  Matholwcb  at  all,  whereas,  being  Bran's  sister's  sou,  he 
was  Brin's  rightful  heir.  No  such  idea,  however,  was  present  to  the  mind  of  a 
twelfth-century  scribe,  nor  could  it  be  expected. 

Let  us  now  turn  to  Irish  literature,  to  wit,  to  one  of  the  many  stories 
associated  with  tbe  hero  Ciichulainn.  lie  belonged  to  Ulster,  and  whatever  other 
race  may  have  been  in  that  part  of  Ireland,  there  were  Picts  there :  ns  a  matter  (^ 
fact  Pictiah  communitiea  survived  there  in  historical  times.  Now  Cuchulainn 
was  not  wholly  of  the  same  race  as  the  Ultooians  around  bim,  for  be  and  bis 
father  are  sharply  marked  ofi  from  all  tbe  other  Ultoniacs  as  being  free  from  the 
periodical  illness  connected  with  what  baa  been  called  the  couvade,  to  which  the 
Other  adult  braves  of  Ulster  succumbed  for  a  time  every  year.  Then  I  may 
mention  that  Ciichulainn's  baby  name  was  Setanta  Beg,  or  tbe  Little  Setantian, 
which  points  to  tbe  country  whence  Ciichulainn's  father  had  probably  come, 
namely  tbe  district  where  Ptolemy  mentions  a  harbour  of  the  Setantii,  somewhere 
near  tbe  mouth  of  the  Bibble,  in  what  is  now  Lancashire.  At  the  time  alluded  to 
ID  tbe  story  I  have  in  view,  Cuchulainn  was  young  and  single,  but  he  waa  even 
then  a  great  warrior,  and  the  ladies  of  Ulster  readily  fell  in  love  with  him;  so 
one  day  the  nobles  of  that  country  met  to  consider  what  was  to  be  done,  and  they 
agreed  that  Cuchulainn  would  cause  them  less  anxiety  if  they  could  find  biro  a 
woman  who  should  be  his  fittina-  and  special  consort.  At  the  same  time  also  that 
they  feared  he  might  dieyoung,  uey  were  desirous  that  he  should  leave  an  heir, '  for,' 
as  It  ia  put  in  the  story,  'tbey  knew  that  it  was  from  himself  his  roUrtli  woiud  be.' 
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The  UlttOT  men  had  &  belief,  ;ou  eee,  in  the  return  of  the  hetoee  of  ]ffevioiU 
genentioua  to  be  bom  igain ;  but  we  hare  heie  also  two  social  systems  face  to  Cm*. 
Accordiofr  to  tbe  one  to  which  Ciichulainn  as  a  Celt  belonged,  it  wh  tequimta 
that  he  should  be  the  father  of  recognised  offspring,  for  it  was  aoly  in  the  parsoD 
of  one  of  them  or  of  their  descendontB  that  be  was  to  be  expected  back,  ^e 
Btorj  reads  as  if  tbe  distinction  was  exceptional,  and  as  if  the  prevailing  state  of 
things  was  wives  more  or  less  in  common,  with  descent  reckoned  according  to  biith 
alone.  Such  ia  my  impression  of  tbe  picture  of  the  society  forming  the  background 
to  the  state  of  tbmgs  implied  bj  the  conversation  attributed  to  the  nobleoien  of 
Ulster.  Here  again  one  experiences  difficulties  arising  from  the  fact,  that  tlw 
stories  have  been  built  up  in  the  form  in  which  we  know  them  by  men  who 
worked  from  the  Ohristian  pcdnt  of  view ;  and  it  ia  only  by  scnitinising,  as  it  wer^ 
the  chinks  and  cracks  that  you  can  &intly  realise  what  the  ori^nal  structun 

Among  other  aide  to  that  end  one  must  reckon  tbe  instances  of  men  being 
deugnated  with  the  help  of  the  mother's  name,  not  tbe  father's :  witness  that  of 
tbe  king  of  Ulster  in  Ciichulainn'a  time,  namely  Conchobar  mac  Neeea,  that  is  to 
8^,  Conor,  son  of  a  mother  named  Nessa  j  aimilarly  in  Wales  with  Owydion  son 
of^DAn.  Farther  we  have  tbe  help  of  a  considerable  nnmber  of  ancient  inscrip- 
tions, roughly  guessed  to  date  from  the  fifth  or  tbe  sixth  century  of  our  era,  and 
commemoratiDg  persons  traced  back  to  a  family  group  of  the  kind,  perhaps, 
which  Cssar  mentions  in  the  fourteenth  chapter  of  bia  fifth  book.     Within  these 

Cup*  the  wives  were,  according  to  him,  in  common  (infer  «s  eomfftunn).  Take 
instance  an  inscription  from  tbe  barony  of  Corcaguiny  in  Kerry,  which  com- 
memorates a  man  described  as  '  Mac  Erce,  son  of  Jtluco  Dovviniat,'  where  Mum 
Dovaaiat  means  the  clan  or  family  group  of  Dovmnu  or  Dubin  (genitive  Duiime), 
the  ancestress  after  whom  Corcaguiny  is  called  Corco-DuUme  in  Medieval  Irish. 
We  have  the  same  formula  in  tbe  rest  oflreland^  including  Ulster,  where  as  yet  very 
few  Ogsme  have  been  found  at  all.  It  occurs  in  South  Walee  and  in  DevonshirOf 
and  also  on  the  Ogam  stone  found  at  Silcheater  in  Hampshire.  Tbe  same  kind 
of  family  gronn  is  evidencedalaobyaninscriptionatSt.Ninian's,  in  Galloway;  and, 
to  go  further  back — perhaps  a  good  deal  further  back — we  come  to  tbe  farouie 
discovered  not  long  ago  at  Colchester,  and  dating  fnim  the  time  of  the  Emperor 
Alexander  Severus,  who  reigned  from  222  to  236.  This  is  a  votive  Ublet  to  a 
god  Uara  Medocius,  by  a  Caledonian  Fict,  who  gives  his  name  as  Losaio  Veda, 
and  describes  himself  further  as  Xfpot  Vepogent  Calfdo.  He  alludes  to  no  father, 
and  A'epot  Vepogeni  is  probably  to  be  rendered  Vepogen's  rister's  son.  At  any 
rate,  the  Irish  word  corresponding  etymologicallv  to  the  Latin  nepos  haa  that 
sense  in  Irish;  and,  so  far  as  I  know,  it  has  never  been  found  meaning  a  nephew  in 
the  sense  of  brother's  son.  That  may  serve  as  an  instance  how  tbe  ideas  of 
another  race  penetrated  the  fabric  of  Goidelic  society ;  for  here  we  must  suppose 
a  time  to  bava  come  when  there  was  no  longer  an;  occasion  for  a  word  meaning  a 
brother's  son,  which,  of  course,  there  never  was  in  the  non-Celtic  socie^  which 
Tanked  men  and  women  according  to  their  birth  alone. 

Kow  this  Caledonian  I^ctwas  not  exceptional  among  his  kinemen,  for  tbey  suc- 
ceeded in  observing  a  good  deal  of  silence  concerning  their  fathers  down,  one  may 
say,  to  tbe  IHtb  century.  It  is  historical  that  the  kmg  of  the  northern  Picta  was 
not  wont  t<i  be  the  son  of  the  previous  king.  In  short,  when  tbe  Celtic  elements 
there  proved  strong  enough  to  ensure  that  the  son  of  a  previous  king  should 
succeed,  a  split  usually  to^  place,  thepurerPicts  being  led  by  tbe  rule  of  snccasdon 
by  birth  to  set  up  a  king  of  their  own.  The  fact  is  not  so  well  known  that  the 
same  saccesuon  prevailed  also  some  time  or  other  at  Tara  in  Ireland :  it  is  poved 
by  a  singular  piece  of  indirect  evidence,  the  existence  of  a  tragic  story  to  explain  why 
'  no  son  should  ever  take  the  lordship  of  Tara  after  hie  father,  unless  some  one 
came  between  them.'  The  last  clause  is  due,  I  should  say,  to  somebody  who 
could  not  understand  such  a  prohibition  based  on  the  ancient  rule  that  a  msn^ 
heir  was  his  sister's  son.  This  would  be,  according  to  Irish  legend,  iu  the  lifetime 
of  Conor  mac  Nessa. 

It  is  curious  to  notice  bow  the  stories  about  the  Fictiah  mttwge  twta  to  bav* 
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pnuled  uunent  authon.  I  will  cite  onlf  one  instance,  to  wit,  from  Qolding'a  16tli 
oeaturj  truwlntiou  of  wh&t  then  pesaed  as  the  production  of  Solinua,  and  what 
may  pass  now,  even  accoiding'  to  Homnuen,  as  quite  old  enongh  for  my  present 


parpoM.  It  runs  thus:  '  Next  come  the  lies  called  Hebudea,  five  in  number,  the 
inhabiten  whereof  know  not  what  come  meaneth,  but  liue  onelj  \j  fishe  and 
millce.  They  are  oil  Tnder  the  KOuemment  of  one  King.  For  as  manie  of  them 
as  bee,  they  ve  seuered  but  with  a  narrowe  groope  one  from  another.  The  Sing 
hath  nothing  of  hys  own,  but  taketh  of  euery  mans.  He  is  bounde  to  eqnitie  by 
certdne  lawee :  and  least  he  may  start  mtm  right  through  couetousnesse,  he  , 
leanwth  Justice  by  pouertie,  ns  who  may  have  nothing  proper  or  peculiar  to 
himsalfe,  but  is  found  at  the  charges  of  the  Realms.  Uee  is  not  suffered  to 
haue  ania  woman  to  himsalfe,  but  whomsoeuer  he  hath  minde  Tnto,be  borroweth 
her  for  a  tyme,  and  so  others  by  tumes.  "Wherby  it  commeth  to  passe  that  ha 
hath  neither  desire  nor  hope  of  usne.' 

The  man  wlio  wrote  in  that  way  pieeumahly  fuled  to  see  that  the  king  was 
not  subject  to  any  spemal  hardship  as  compared  with  the  other  men  in  his  kingdom, 
witen  none  of  them  hod  any  offspring  that  he  could  individually  call  his  own. 
This,  be  it  noticed,  refers  to  the  Hebrides,  not,  as  somatimes  happens  with  such 
re&rances,  to  the  more  distant  island  of  Thula,  where  thsra  was  also  a  king,  as  any 
reader  of  Faust  will  tell  us. 

We  now  come  to  the  Celts,  end  begin  with  Pliny's  veruon  of  Cnsai's  words 
about  the  division  of  Oeu)  into  three  parts,  as  follows :  Qallia  omna  Ootnata  uno 
nomine  appellata  in  tria  populorvm  gmtra  diaiditta;  amtiibut  miume  dittincta. 
A  Saalde  ad  Segaamim  Be^ica,  ab  eoad  Oarmtnam  Ctltica  tadcTaque  lA^dunmtitf 
mde  ad  i^rrMoi  montis  fxcursum  Aqaitanica,  Aremorica  anUa  dicta.  We  may 
for  the  preeant  dismiss  the  third  or  Aquitanic  Oaul  from  our  minds ;  but  Belgio 
and  CeltioBn  Gaul  may  be  taken  as  representing  the  two  sets  of  Celts  of  our  own 
islands.  The  Belgic  Qaule  began  Is^t  to  come  to  this  country,  and  their  advent 
■earns  to  fUl  between  the  visits  of  Pytheas  and  Julius  CEeear:  tbat  is,  roughly 
speaking,  between  the  middle  of  the  fourth  century  and  that  of  the  first 
century  B.C.  In  this  country  they  came  to  be  known  collectively  ns  Brittonni  or 
Brittonea,  the  linguistic  ancestors  of  the  peoples  who  have  spoken  Brytbouic  or  the 
Linffua  Brittanniea,  such  as  the  Welsh,  the  Comiah,  and  the  Strathclyde  Britons. 
Aa  to  the  other  Celts,  it  is  much  harder  to  say  when  or  whence  exactly  they 
came — I  mean  the  linguistic  ancestors  of  the  Gaels  of  Ireland,  Man,  and  Scotland, 
that  irto  say,  the  peoples  whose  language  has  been  Ooidelic.  Soma  scholars  are 
of  opinion  that  there  were  no  Goideiio^ieaking  peoples  in  Britain  till  soma  such 
came  here  from  Ireland  on  sundry  occasions,  beginning  with  the  second  centurv,  in 
the  time  of  the  Roman  occupation ;  but  how  the  Goidels  would  be  supposed  by 
thsm  to  have  reached  Ireland  I  do  not  exactly  know.  My  own  notion  is  that  the 
hulk  of  them  reached  that  country  by  way  of  Britain,  and  that  they  arrived  in 
Britvn,  like  the  Belgic  Gauls  later,  from  the  nearest  ports  of  the  Continent;  for 
.this  would  be  previous  to  the  appearance  of  the  Belgic  Oauls  on  the  west«m  sea- 
board of  Europe:  that  is  to8ay,at  a  timewben  Celtics  extended  not  merely  to  the 
Seine,  but  to  uis  Scheldt  or  to  the  Kbine,  if  not  even  further.  Then  as  to  the  time 
of  the  coming  of  the  ancestors  of  the  Goidels,  it  has  been  supposed  coincident  with 
a  period  of  great  movements  among  the  Celts  of  the  Continent,  in  particular  the 
movemntts  which  resulted,  among  other  things,  in  some  of  them  reaching  the 
■hores  of  the  Mediterranenn  and  penetrating  to  the  heart  of  the  Iberic  peninsula. 
Perhaps  one  would  not  be  far  wrong  in  fixing  on  the  seventh  and  the  sixth 
centuries  B.C.  ss  covering  the  time  of  the  coming  of  the  earlier  Celts  to  our 
■horea. 

In  Britain  I  should  suppose  these  earlier  hordes  of  Celts  to  have  conquered 
moat  of  the  southern  half  of  the  island;  and  the  Brythonic  Celts,  when  they 
arrived,msy  have  overrun  much  tba  samearea,  pushing  tbe  Goidelic  Celts  more  an^ 
mora  towaids  the  west.  Under  that  pressure  it  is  natural  to  suppose  that  some 
of  the  latter  mode  their  way  to  Ireland,  hut  it  is  quite  possible  that  their 
emigration  thither  bsd  b^iun  before.  Some  time  or  other  previous  to  the  Bomau 
occupation  the  Brytlionic  ptople  of  the  Ordovices  seem  to  have  penetrated  to  the 
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isa  betveen  the  riven  Dovey  and  Mawddach,  displacing  piobaUy  some  Qolddi 
who  may  have  ^ne  to  the  oppoBite  coasts  tk  Iruaod ;  but  in  biih  etarj  mora 
traces  appear  of  inTuions  on  the  part  of  the  Dumnonii,  who  posMased  the  ooist 
between  Galloway  and  Arffyla.  These  were  eo  situated  as  to  be  abie  to  ueail 
Ireland  both  in  front  and  from  behind,  and  this  is  countenanced  to  some  extent  bj 
Irish  topography,  not  to  mention  the  Ions  legends  extant  as  to  great  wars  in  ths 
'  -west  of  Ireland  between  the  Tuatha  D£  Danaan  and  invaders  including  the  Fit 
SomtianD.  I  suspect  also  that  it  was  the  country  of  these  northern  Dumnoniuia 
which  was   ori^ally   meant   by  Locblinn,   a   name  interpreted   later  to  neu 

Such  are  some  of  the  feint  traces  of  the  Ooidelic  in-ranonB  of  Ireland  from 
Britain,  but  it  is  possible — perhnps  probable — that  Ireland  received  settlare  on  iti 
•outhem  coast  from  the  north-weat  of  Qsul  at  a  comparatively  late  period,  at  the 
time,  let  us  say,  nhen  On^ar  wee  engaged  in  crushing  the  Veneti  and  the 
Aiemoric  League.  This  has  been  suggeat^  to  me  by  the  name  of  the  UadiSi 
which  probably  survives  in  the  first  syllable  of  (ktory,  denoting  a  tract  of 
country  now,  roughly  speaking,  covered  br  the  county  of  Eilkenny,  but  which 
may  have  been  conaiderably  larger  before  tSe  Dfisi  took  posMsdonof  thebaroiuM 
of  the  two  Dedes  and  other  distrieta  now  constituting  the  county  of  Waterfbrd, 
not  to  mention  possibie  eneroachmeuts  on  the  part  of  Munetei  on  a  bonndur 
which  seems  to  have  been  sometimee  contested.  Now  the  Continental  name  whii^ 
invites  comparison  with  that  of  the  Usdin  is  that  of  the  Ostiffii,  who  in  the  time 
of  I'ytheas  appear  to  have  occupied  the  north-weatem  end  of  what  afterwards 
came  to  be  called  Brittany ;  they  were  also  called  Ostion^,  and  more  commonly 
Osismi.  1  see  no  reason  to  suppose  that  the  shipe  of  the  Aremoiic  League  could 
not  make  the  voyage  from  Brittany  to  the  principal  landing-places  on  the  sooth  of 
Ireland  from  the  Harbour  of  Cork  to  that  of  Waterforo,  and  I  gather  &om 
Ptolemy's  Qeography  that  Ireland  was  relatively  better  known  on  the  Coatineat 
than  Britain,  ^though  the  latter  bad  in  a  manner  been  long  connected  with  the 
Boman  world.  This  I  should  exriain  somewhat  sa  follows :— Cesar,  who  knew 
very  litQe  about  the  west  of  Britain  and  leas  about  Ireland,  says  that  in 
his  time  the  great  druidic  centre  of  Gaul  was  in  the  country  of  the  Canutes, 
somewhere,  let  us  say,  near  the  site  of  the  preeent  town  of  Ghartres,  that 
dtuidism  had  been  introdnced  from  Britain  to  Gaul,  and  that  those  who  wished 
to  understand  it  had  to  go  to  Britain  to  study.  The  authots  of  antiquity  tell  Ms 
otherwise  nothing  about  druida  in  Britain  except  that  TacitUA  speaks  of  >uch  in 
the  Annals,  in  his  well~knowtt  passage  as  to  Suetonius  Pauliuua  landing  with  his 
troops  in  Ajiglesey  and, the  scene  of  slaughter  which  ensued.  Indeed,  one  may 
go  further  and  sav  that  there  is  no  proof  that  anr  Belgic  or  Brythonie  people 
ever  had  druids :  they  belouKed  to  the  Oeltican  QaulB  and  the  Ooidelkusing  Celts 
of  Britain  and  Ireland,  who  had  probably  accepted  the  institutim  mm.  the 
Fictiah  race.  At  any  rate  it  is  significant  that  the  Life  of  St.  Celuinb>  intto- 
duces  the  reader  to  a  genuine  druid  at  the  court  of  the  Pictish  kinr,  near  \tttm- 
ness,  where,  as  well  as  on  Loch  Ness,  the  sejnthad  to  contend  with  ikim.  In  any 
case,  it  is  highly  probable  that  druidism  was  no  less  a  living  institution  in  Ireland 
than  in  the  Ooidelic  and  Pictiah  parts  of  Britain.  Presumably  it  waa  mote  m, 
and  it  may  bo  conjectured  that  Gaulish  students  of  druidism  visited  Ireland 
no  lesa  than  Britain;  also,  vice  versa,  that  Irish  dmide  paid  Tiata  to  the 
Celtican  part  of  Gaul  where  dmidism  flourished  on  the  ContineDt,  and  in 
a  word  that  there  was  regular  intercourse  between  Qanl  and  the  south  of 
Ireland.  If  the  druids  of  Ireland,  who,  among  other  r61ee,  played  that  of 
schoolmasters  aod  teachers  in  that  country,  travelled  to  Celtics,  they  must 
have  spread  on  the  Continent  eome  information  about  Uieir  native  counti^i 
while  generatiolis  of  them  cannot  have  returned  to  Ireland,  with  their  dmidK 
pupils,  without  bringing  with  them  some  of  the  arts  of  dvlUsed  life  aa  understood 
m  Gaul :  among  these  one  must  rank  very  decidedly  the  art  of  writing,  which  tbs 
druids  practiwd.  Now  you  know  the  usual  account  given  of  the  or&ury  Latin 
for  Ireland,  namely  Hiberida — to  wit,  that  it  was  suggested  by  such  natJTe  nanMS 
as  that  of  one  of  the  greatest  tribes  of  that  country,  namely  the  'fcvfpwt 
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or  Jtttmi,  Aiid  that  it  bsd  its  v  ousted  when  Latin  beffan  a'bout  the  4th 
centuTT  to  write  6  for  v,  and  that  an  A  was  then  preoied  to  make  the 
word  Hibenda  properly  connote  the  wintry  climate  which  our  sister  island  had 
always  been  suppooed  to  enjoy.    But  now  comes  the  question,  where  did  Pom- 

Knins  Uelo,  who  floonshed  about  the  middle  of  the  firet  century,  ffet  his 
Btma,  which  JuTenol  also  uoedF  Doubtless  from  a  druid  like  DaliD,  or 
some  other  educated  native  of  Ireland;  for  what  the  editors  print  as  luwma, 
Ivuema,  or  Juvema,  would  appear  in  ancient  monuocripts  as  IVVBRNa  or 
imtema,  in  which  the  first  two  syllables  ore  spelt  correctly  widi  vv  occordintr  to 
a  ayatem  of  apellinR  well  knowu  in  Ogmic  writinp  centuriea  lal«r.  But  a  parti- 
Cular  Bystera  of  spelling  seems  to  me  to  imply  wnting,  and  thus  one  is  enoourwed 
to  think  that  the  Ogam  alphabet  may  hare  been  invented  no  later  than  the  flrat 
century,  in  the  intercourse  I  have  conjectured  to  hare  been  goinff  on  between 
the  nortb-vest  of  Oaul  and  the  south  of  Ireland,  where  the  majority  of  Ogam 
inscriptions  are  now  found.  But  what  boa  archieoli^y  to  say  on  the  queatioD 
of  aucQ  interconrse  P 

After  this  digression  I  come  bock  to  the  two  mun  Btreams  of  Celtic  immigra- 
tion, from  the  some  parts  of  the  Continent  in  two  diSerent  periods  of  time.  The 
lator  of  these  introduced  the  lAngua  Brittamdca,  which  was  practically  a  dialect 
of  old  Gaulish ;  hut  the  affinities  of  the  other  Celtic  language  of  these  islands, 
the  Ooidelio,  are  not  so  easy  to  determine.  I  have  lonf^  thought  that  I  can 
identify  traces  of  it  on  the  Continent,  and  that  its  principal  borne  was  in  the 
region  which  Pliny  colled  Oeltica,  between  the  Garonne  and  the  Boine.  I  ven- 
tared  accordingly  to  call  it  Celticim,  as  the  simpler  word  Celtic  had  already  been 
wedded  to  a  wider  signiGcation.  Since  I  did  ao  the  e^cistence  of  that  language  has 
been  placed  beyond  doubt  hy  the  discovery  of  fragments  of  a  calendar  engraved 
on  bronze  tablets.  This  find  was  made  about  the  end  of  1897  at  a  place  called 
Coligny,  in  the  department  of  the  Ain,  and  the  pieces  are  now  in  the  museum  at 
Lyons.  It  is  difficult  to  say  for  certaio  whether  Coligny  ia  within  the  territory 
once  occupied  by  the  Sequoni,  or  else  b^  tbe  Ambarri,  a  people  subject  to  the 
.i£dui,wbo  were  the  rivals  of  tbe  Sequani  and  Arvemi.  The  name  of  the  Sequani 
would  seem  to  have  belonged  to  the  Celtiean  language,  and  Mr.  Nicholson,  in  bis 
interpretation  of  the  calendar,  has  ventured  in  this  instance  to  call  it  Sequanian. 
But  two  inseriptbna  in  what  appears  to  be  tbe  same  language  have  come  to  light 
also  at  a  place  called  Rom,  in  the  Deux  Sevres  and  on  t£e  Roman  road  from 
Poitiers  to  Suntea.  This  Celtiean  language  ia  to  be  carefully  distinguished 
from  Oanlisb,  but  it  is  not  exactly  what  I  expected  it  to  be :  it  is  better.  For 
several  of  tbe  phonetic  changes  cbaiaeteristic  of  Qoidelic  had  not  taken  place  in 
Oeltican.  Amonf  other  things  it  jireseives  intact  the  Aryan  consonant  p,  which 
has  since  mostly  disappeared  in  Qoidelic,  as  it  had  even  then  in  Qauliah.  This 
greater  conservatism  of  Celtiean  enables  one  to  refer  to  it  the  national  appellation 
of'  tbe  people  of  the  region  in  queotion,  namely  that  of  the  Piettmet,  from 
wbicb  it  it  imposMble  to  wrer  tbe  name  of  tbe  Ficts  of  Britain  and  Ireland, 
who  ore  found  also  called  Pictont*  and  Pictatui,  Here  I  may  mentioa  that 
Mr.  ITicbolson  calls  attention  to  instances  of  tattooing  on  some  of  the  faces 
on  ancient  coins  belonging  to  Poitoo  and  other  parts  of  western  France. 
In  the  light  of  the  names  here  in  queBtion  one  sees  that  ^ictoi  woa  a  Celtiean 
word  of  Uie  same  etymology,  and  approximately,  doubtless,  of  tbe  same  meaning,  as 
the  Latin  woidjiicftu,  that  the  Celticans  had  applied  it  at  an  early  date  to  the 
Picts  on  account  of  their  habit  of  tattooing  themselves,  and  that  tbe  Picts  bad 
accepted  it  (with  its  derivative  Pictona)  so  generally  that  by  the  time  when  tbe 
Noroemen  arrived  in  the  North  of  Scotland,  it  was  tbe  name  which  the  natives 
gave  tbem  as  that  by  which  they  called  themselves.  That  is  practically  proved 
by  the  Korsemes  calling  Coitlmeas  and  Sutherland  Petto-land  or  the  Land  of  tbe 
Picts,  and  the  sea  waging  its  northern  shore  Pettaiandsjtorti,  which  survives 
modified  into  PmtUotd  Firth. 

Another  Oeltican  word  of  great  interest  here  has  by  a  mere  chance  come  down 
in  a  High  German  manuscript  written  before  the  year  614 :  it  i«  Chi>rtonicum, 
•nd  it  occur*  among  a  nombor  of  goograpbical  names,  Bevenl  of  which  nba  to  Oanl, 
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■0  that  Ohortonicnm  may  veif  well  h&re  meuit  ^xa  eoaattj  of  the  Pictout.  At 
all  events,  tlie  great  Oennui  philolo^t  Pott  at  once  mw  tliat  it  was  to  be  sx- 
plsined  by  refereiice  to  tbe  viori  Cruitbiu, '  a  Piet,'  with  which  it  deddedly  f^oes 
at  distinrnuhed  irom  ite  Brythouic  equivalent  Prydyn  (or  the  older  iVitat) 
with  an  initial  p.  The  Celtican  form  originally  meant  was  some  such  voeaU*  is 
Quftonico-u,  with  the  ^  which  was  usual  in  Geltican  aud  early  Ooidelic,  wbete  it 
formed,  in  fact,  one  of  the  raoet  conapicuaos  diatluctioos  between  those  fangnagts 
and  Biydionic  (a  Gaulish,  in  which  qu  had  been  chang«d  into  j>. 

My  remtrka  ha v«  again  run  into  tiresome  detaila,  but  it  is  only  by  atteading  to 
•oeh  amall  pointa  that  one  can  hope  to  force  langua^  to  yield  ua  any  infomatun 
in  the  matter  of  ethniJogy.  It  may  perhaps  hSlp  in  some  meaaore  if  I  atun  up 
what  I  hnve  been  trying  to  say,  thus : 

The  first  race  we  nave  found  in  poflsesuon  of  the  Britisli  Isles  consisted  of  a 
small  swarthy  population  of  mound-dwellera,  of  an  unwarliJie  dispoution,  modi 
given  to  magic  and  wiurdry,  and  living  vmdargroand:  its  attributes  have  been 
exaj^iated  or  otherwise  distorted  in  the  evolution  of  the  Little  People  of  ooi 
lailT  tales. 

The  next  race  oonusted  of  a  blue-eyed  people,  taller  and  blonder,  who  tattooed 
themselves  and  fought  battles.  These  tattooed  or  Pictish  people  nuda  the  Uoirad 
Folk  their  slavea,  and  in  the  long  run  their  language  may  be  suppoaed  to  have 
been  modified  by  habits  of  speech  introduced  ^  thoae  slaves  of  theirs  tioa 
their  own  idiom.  The  affinities  of  these  Picta  may  be  called  Libyan,  and  poHihly 
Iberian. 

Next  came  the  Oelta  in  two  (Treat  waves  of  immigration,  tbe  first  of  which  may 
have  anived  as  early  as  the  7th  century  before  our  era,  and  contdated  of  the 
real  ancestors  of  some  of  onr  Goidela  of  the  Ifilesian  atock,  and  tbe  lingniitic 
ancestors  of  all  tbe  peoples  who  have  spoken  GoidelLc,  That  language  may  be 
defined  as  Celtican  so  modiried  by  the  idioms  of  tbe  population,  which  tbe  earlisr 
Celts  found  in  posaeaaion,  that  its  syntax,  is  no  longer  Aryan. 

Then,  about  the  third  century  b.c,  came  from  Belgica  die  linguistic  anceeton 
of  the  peoples  who  have  spoken  Brythonic ;  but  most  of  our  iw>dem  Biythooa 
are  to  be  r^rded  as  descended  from  Ooidels  who  adopted  Brytlionic  speech,  and 
in  so  doing  brought  into  that  language  their  Ooidelic  idioms,  with  the  readc 
that  tbe  syntax  of  insular  Brythonic  is  no  less  non-Aryan  than  that  of  Goidelic, 
as  may  be  readily  aeen  by  comparing  the  thoroughly  Aryan  stmcture  of  the  t»w 
'  'dOau"  '   


IB  of  old  Gaulish  extant. 
Those  are  the  racea  which  have  been  inferred  in  the  course  of  these  renarks, 
in  which  I  have  proceeded  on  tbe  principle  that  each  succesaLve  band  of  conqaeroia 
baa  its  race,  language,  and  insUtutions  eventnally  more  or  lean  modified  by  eootiot 
with  the  race,  language,  and  institutions  of  tliose  whom  it  has  conquered.  Tliat 
looka  simple  enough  when  stated  ao,  but  the  ruult  which  we  get  prove*  ecu- 
plicate.  At  all  events  I  have  endeavoured  to  substitute  for  tbe  rabble  of  ^vinitist 
and  demons,  of  fairies  and  phantoms  that  disport  themaelves  at  large  in  Celtic 
legend,  a  poasible  suecessioa  of  peoples,  to  each  of  which  should  be  ascribed  ita 
own  proper  attributes.  But  that  will  only  be  possible  if  we  can  enlist  the  Uiidly 
aid  of  the  Muse  of  Ardiieology. 


The  following  Papers  and  Keporta  were  read : — 

1.  Sotne  Implementg  of  the  Native*  of  Tasmania.     By  3.  Paxtom  Moie. 

The  author  gives  an  account  of  diggings  in  native  camping  gronndi  in 
Tasmania,  and  of  the  rude  underground  stone  implements  found  there,  comprising 
hand-axes,  skinniag  knives,  &c.,  and  especially  certain  tools  of  finer  make,  coneavs 
Bcrapen>,  and  groovers. 
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■2.  The  Stone  Age  in  Tagmania  tu  reiaUd  to  tAe  Hittory  of  CivUisaUon, 
My  E.  B.  Ttloh,  F.R.S. 

This  piper,  with  Epecial  reference  to  the  preTioiu  one,  discussed  die  Pslaolithic, 
or  uagrouna  Stone  Age  in  Tasm&ni&,  which  IsMed  tUl  superseded  by  the  Enf^lish 
colonis&doii  earlj  in  this  centnr;,  psasing-  directly  into  tne  Iron  A^  witlioat  tha 
inteirention  of  a  Neolithic,  or  ground  Stone  Age. 


3.  Seport  on  Mental  and  Phjaical  Demationt  qf  ChUdrt 
See  Beports,  p.  461, 


4.  B^ort  on  the  Silchater  Smsav(Uion.~Be6  Bcporbi,  p.  i66. 


5.   Writinff  in  Prehutonc  Greece.    By  AsTmiR  J.  Evans,  M.A^  f.S.A 

(1)  Clay  Socununts  vnth  Hieroglyphii:  or  ConventionalUed  Pictograplae 
Scr^tfrom  Me  Palace  fjfSnouoa. 
Th»  discovery  orlffiaally  announced  by  the  author  in  1894,  in  this  Section,'  of 
the  uistettoe  in  preuistono  Orete  of  a  system  of  coDTentionalised  pictographic  or 
hieroRhr|jiio  writing  had  racdved  an  extraordinary  corroboration  and  supplement 
Irom  bu  reoent  ueavationB  in  the  Mycenffian  Palace  of  Euoaaoa.  The  fint  indioa- 
tioiu  had  been  supplied  b^  groupa  of  si^  engraved  on  early  aeol-stones,  and  by  its 
iiktore  the  eivideDce  yru  Umited.  Bat  in  the  great  prehistoric  building  now  ptu^ 
tially  explored  at  Enonsoa,  the  latest  elements  of  which  can  hardly  na  brought 
down  mar  than  the  thirteenth  century  b.o.,  there  came  to  ligbt  a  setiea  of 
d^odts  of  day  archiTea  inscribed  both  with  hieroglyphic  and  a  new  system  of 
linear  wiitdns- 

Those  01  the  hiertq^lyphic  class,  though  apparently  oontempot^'  with  the 
otber,  were  lees  nnmerooa  and  were  found  m  a  separate  magaiine.  They  were  in 
'  the  form  of  square  and  tbree-sided  bars,  perforated  at  the  end,  clay  '  labds '  also 
jnrforated,  in  shape  like  bivalve  ehella,  and  sealinga  of  day  which  also  pieaented 
impreasioDS  of  signets  with  characters  of  the  same  conventdonalised  pietograptiie 
class.  The  graflito  characters  of  the  clay  bars,  &c,  gave  more  lineariMd  veridona 
of  the  fuller  TepresentatioDS  of  the  engraved  seals,  and  thus  illustrated  a  step  in  the 
formation  of  letters.  The  tablets  showed  Tarions  new  fonne  of  hieroglyphs  not  u 
yet  found  on  the  ngnets,  raiung  the  Cretan  series  to  over  ft  hundred.  The  pictcH 
Riaphic  agns  might  be  said  to  form  an  illustrated  hieto^  of  Cretan  cnltaie  in 
Hyceiuean  times.  Among  new  characters  might  be  mentioned  an  sight«ttingad 
lyre,  carpenter's  tools  such  as  a  kind  of  plane  and  perhaps  a  level,  dogs'  beads, 
bees,  a  glove-like  o^ect  perhaps  not  unconnected  with  bee-keeping,  aad  appa- 
rently ohve  sprays.  'The  obvioiuly  '  ideographic '  or  '  determinative '  character  of 
some  of  the  hieroglyphs  gives  a  clue  to  the  meaning  of  many  of  the  tableta.  Sbips, 
plongbs  and  ox-heads,  vessels  Glled  vrith  grain,  and  the  Egyptian  palace  sign 
Bpeek  for  themselves.  A  boustroph&lon  arrangement  of  the  characten  is  often 
traceable.  Many  of  these  day  records  are  accounts,  as  is  shown  by  the  mesenci 
of  various  numeral  Mgns,  the  ciphers  never  exceeding  eight  in  •  group.  Bat  the 
form  of  numeration  still  preeents  points  of  obscurity. 

The  hieroglyphic  script  itself  shows  a  certain  parallelism  with  the '  Hittite' 
inscriptions  of  Anatolia  and  Northern  Syria.  Its  b^nnings  can,  however,  ba 
traced  very  fitr  back  on  Cretan  soil,  and  it  anquestionably  reprea<ata  the  writiif 
of  the  indigenous  Cretan  etoclc,  the  Eteocretans  of  the '  Odynay,' 


■(  Srii.  Amo.  (Oxford),  1861,  p.  TTS. 


(3)  Clay  Dccttmatis  inicribed  tcith  Liaatr  Script  fren  tie  Paiace  of^nOitat. 

The  gTMt  bulk  of  the  cla7  recordi  discovered  in  tlie  Palace  of  Enowoi  exhilated 
kUiiearMvleof  wriUiigfiuiduneotalljdifieTeDt  from  that  of  the  hieroel jphie  clmsB, 
knd  fat  Knead  of  it  in  aeTelopmeDt.  The  tablets  arefor  the  moat  put  elongatedalips 
of  bud^ioalded  claj,  from  two  tfl  aboat  aeren  inches  in  length,  and  from  half  an 
inch  to  three  inches  broad ;  others,  however,  are  of  a  squarer  form.  Thev  present 
aomedbtant  analMrv  to  the  Babylonian  tablets,  and  the  inscription  te  divided  by 
Iioriimital  lines.  Tne  letteis  thenuelreB,  however,  are  of  a  free,  upright  Earope«n 
ehantcter.  Some  seventy  chanKteni  seem  to  have  been  in  common  use,  and  of  them 
Kbont  ten  ^ow  reeemblancea  to  the  later  Greek  and  the  same  number  to  the 
Of^niote  ijllBbary.  About  the  same  number  of  forms  are  also  common  to  the 
lusKwIjphu;  Cretan  series.  The  letters  seem  to  have  been  for  the  most  part 
^Ilabie ;  Unea  of  division  "Ppw  between  the  words,  and  the  writing  mns  consist- 
entiy  from  left  to  right.  The  pictorial  origin  of  tiieee  lettsn  maj  be  traced  in 
•ODM  CMsa.  Thns,  we  have  the  human  bcAd  and  neck,  the  hand,  the  croswd  arms, 
K  bird  fiying,  three  or  four  barred  gates,  a  fence,  a  high.baokad  throne,  a  tree, 
■nd  a  lea£  A  certain  number  are  nnqneetionably  ideographic  or  determinative. 
Othm  Mpceseat  meacures  and  qnanliliee,  and  are  ^w«^  associated  with  nnmerals. 
A.  good  mauT  of  these  documents  evidentlT  refer  to  Palace  aoconnta,  and  a  cine 
to  &e  general  purport  of  the  tablet  is  often  supplied  bj  the  introduction  of  a 
.  pictorial  figure.  We  thus  find  chariots  and  hortea,  human  figures,  perhaps  slavee, 
axes,  ingots,  vases  of  preciaas  metale,  others  of  daj  for  various  liquidi^  houses  or 
barna,  ewine,  ears  of  com,  various  kinds  of  trees  and  a  cracas-like  fiower,  perhaps 
need  for  a  dye  or  perfume. 

A  decimal  ajetem  of  numeration  was  emptoved,  somewhat  resembling  the 
Egyptian.  The  value  theoretically  arrived  at  1:^  the  author  for  the  nnmerals  was 
pKnred  by  an  addition  sum  presented  by  one  tablet,  the  total  of  which  worked  oat 
cotnctly. 

The  ingots  depicted  on  the  tablets  nsembled  a  Mycennan  copper  ingot  from 
Cypnia  and  otliera  from  Sardinia.  They  were  followed  by  a  balance  (the  Greek 
talaaton)  and  numerals  apparent! vindicating  thtur  valne  in  M^nnan  gdd  talents. 
It  has  thus  been  poeaibw  to  make  an  approximate  calculation  of  thmr  weight. 
OUects  in  predona  metals  represented  were  identical  with  some  tTjncal  tributary 
olfofaiga  of  the  Eeft  cliieftBins  on  the  Theban  monuments  of  Thotnmes  Ill.'e  time, 
M>d  traded  to  show  that  some  of  these  clay  documents  went  back  to  the  first  half  of 
dte  fiftoenUi  century  B.C. 

OtlMt  ta1>)els,  without  dphere  or  pictorial  figuree,  perhaps  refer  to  contracts  or 
floneapondence,  anch  as  the  cont«mpararyraoards  of  Syria  and  Babylonia.  The 
tablets  had  boco  originallT  contmned  in  coffers  of  wood,  clay,  and  gypsum,  and 
tbese  in  torn  tecnrea  W  claj[  aeals  bearing  impresaons  of  MyceneaD  engraved  gems 
of  tbe  flneet  it^rle.  These  impreeaioD>  had  in  many  caiwa  been  cotintemaiked 
^th  s  graffito  (ign  by  the  controlling  offidal  while  the  clay  was  still  wet,  and  the 
badof  the  elay  seal  was  at  the  same  time  endorsed  and  counterngoed  with  short 
inscriptions  in  the  same  script  as  that  of  the  tablets.  Such  legal  precautions  were 
quite  worlhv  of  the 'Palace  of  Minos.' 

These  discoveries  not  only  carry  back  the  existence  of  written  documents  <a 
Qreeksoil  somesevencenturiesbefarethefirstknownmonunHntsof  Greek  writing, 
and  five  before  the  earliest  Pbcanician,  but  they  afford  a  wholly  new  standpoint 

from  the  FhiBnicians  seem  to  havo 
lieen  influenced  by  theaepTo«xietu)g./^eaD  scripts.  Thecommonelementsexiaiing 
in  the  Phoenician  alphabet  itself  are  veiynotfiworthy.  Out  of  twenty-two  original 
letters,  some  twelve  present  obvious  points  of  camparison  with  characters  bel(^;;iDg 
to  one  or  other  of  tne  two  Cretan  scripts,  and  to  these  at  least  four  may  be 
added  as  showing  posuble  affinities.  In  view  of  such  parallelbm,  which  extends 
to  the  meaning  as  well  as  the  form  of  the  sifnis,  De  Bout's  theoiy  of  the 
derivation  of  the  Phoenician  letters  from  remote  lueratic  Egyptian  prototypes  mvst 
be  definitely  abandoned.    The  Pbcenidan,  and  with  it  the  G)Tee)^  alphabM  must 


fot  iaveatigating  the  origin  of  the  alphabet. 
IIm  lettwJbrms  bcmowed  bj  the  Greeks 
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)m  V^uAtA  AS  4  Belectiou  from  a  ayllabar;  beloDging  to  the  same  i^eric  group  u 
tlw  <Satftn,  Sucll  &  phenomsDon  on  the  STiiaii  coast  is  perhaps  explained  by^  the 
HttlemeDt  there  in  MjceDBan  times  of  an  .^ean  istaud  rkce,  the  Philiatiuea, 
whose  nune  surrires  io  that  of  Palestine.  Though  Iat«r  Semitiaed,  their  biblical 
tuunee  of  Kaphtorim  and  Kerethim,  or  Cretans,  sufBcientlj  record  their  ^geau 
origin, 


B.  On  the  Syitem  q/  Wrlling  in  Anoimi  Sgypt.     5y  P.  Lt.  GeIPMTH. 

Egrptolo^  has  now  reached  a  position  among  the  sciences  &om  which  it  maf 
eontnbiite  trustwoTtlij  information  for  the  benetit  of  kindred  researches.  E^ptian 
-writing  conusts  of  Ideographic  and  Phooetic  Elements,  the  signs  serving  aa 
— 1 ,  Word-signs  i  2,  Phonograms ;  3,  DetermioatiTes.  The  highest  development 
Aown  is  an  alphabet,  which,  however,  is  never  used  independentlj  of  other  signs : 
it  is  apparently  not  scrophonic  in  origin ;  it  represents  consonanta  and  semi- 
eonsonantH  oalj,  Tocalisation  not  being  recorded  b^  Egrptian  writing.  No 
advance  can  he  detectad  in  the  sjstem  from  the  beginning  ol  the  historic  period  to 
the  end,  notwithstanding  some  improvements  in  piadtlcal  working  which  bcilitated 
the  iiss  of  coraive  writing.  Phonograms  derived  from  word-Bigns.  The  end  of 
the  native  system  was  brought  about  by  the  gradual  adoption  of  the  Qreek  character 
— beginning,  perhana,  in  the  second  century  tL.'a.  If  any  radical  improvement  was 
ever  made  in  the  Egyptian  form  of  writing  that  improvement  must  have  taken 
place  at  or  after  adoption  by  another  people :  e^.,  some  have  supposed  that  our 
alphabet  was  derived  by  the  Phienicians  from  Egypt ;  but  any  such  derivations 
are  at  present  entirely  hypothetical. 

Although  the  Egyptian  system  of  writing  may  not  be  actually  a  stage  in  the 
history  of  our  alphabet,  it  throws  a  strong  light  on  the  development  of  tbe 
alphabetic  system ;  and  the  survival  of  its  pictorial  form  (for  decorative  purposes) 
enables  us  to  recognise  the  highly  ramified  connections  between  the  forms  and 
meanings  of  characters  to  an  extent  which  is  impossible  at  present  in  any  other 
■jstem,  whether  in  Mesopotamia,  China,  or  elsewhere. 

Reeults  of  recent  Egyptian  philology :  Egyptian  originally  a  Semitic  language, 
though  its  character  changed  early.  The  main  lines  of  tne  grammar  being  at 
length  established,  the  materials  for  a  complete  dictionary  are  now  being  collected 
Mid  classified. 


7.  Interim  Report  on  AntAropoloffical  Teadiing, 


8,  Report  on  Anttiropohgieal  Photographs.— ~Ses  Reports,  p.  I 
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The  fcJlowlng  Papm  Were  read  :— 

1.  The  Cave  of  Ptychrii  in  Crete.    Ry  D.  G,  Hooahth, 

tt  has  been  known  for  some  years  that  a  large  cave  above  the  village  cf 
tsychrS,  in  the  Lssithi  district  of  Crete,  was  a  repository  of  primitive  votive 
objects  in  bronce,  terra-ootta,  £c.  As  this  cave  is  situated  in  the  eastern  Sank  of 
the  mountain  which  dominates  the  site  of  ancient  Lyttos,  and  is  the  only  import- 
ant cave  known  in  the  neighbourhood,  it  was  conjectured  that  it  was  the  Lyttian 
grotto  connected  with  the  story  of  the  birth  of  Zeus  in  the  legend,  vrhose  earliest 
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Teraon  it  preMtVed  bjr  Heaiod.  A  thorough  exploration  of  it,  undertakea  in  Mij 
Knd  June  of  the  curreat  year,  by  Mx.  D.  U.  HoRartfa,  an  behalf  of  the  &itiih 
School  »t  Athena,  aided  hj^  the  CretsB  Eiplorstioo  Fund,  hu  served  folly  to  ee«- 
&nu  this  view.  The  Ckve  is  double  On  the  north  ic  a  shallaw  )^tto,  the  nppe' 
put  of  which  WM  cumbered  with  immense  fiillen  fi«|rment«  of  tbe  roof.  Tb« 
lon-er  part  contained  deep  Uack  earth,  partly  ransacked  by  preidous  digeera.  Thit 
waa  thoroughly  dug  out  this  year,  and  when  the  ^roat  blocks  had  been  broken  up 
with  blastiDR'  powder  nnd  remoTed,  the  deposit  on  the  higher  slope  was  alto 
searched.  The  result  was  the  discovery  of  a  rude  alttu-  in  the  middle  of  the  grottot 
Bumiunded  by  strata  of  aahes,  pottery,  and  other  refuse,  among  which  masT 
votive  objects  in  brome,  terra-cotta,  iron,  and  boue  were  found,  together  witn 
fragments  of  some  thirty  libation  tables  in  stone,  and  an  immense  number  of 
earthenware  cupa  used  for  depositing  offerings.  The  lowest  part  of  the  Upper 
Grotto  was  found  to  be  enclosed  by  a.  wall  partly  of  rude  Cyclppean  chaiKter, 
and  partly  rock-cut ;  and  within  this  Temenos  the  untouched  strata  of  deposit 
ranged  from  the  early  Mycentean  Age  up  to  the  Geometric  period  of  the  ninth  een- 
tiUT  B.C.  or  thereabout.  Only  very  slight  traces  were foundof  later  oSerings.  The 
earliest  Tobve  stratum  belongs  to  the  latest  period  of  the  pre-Mycensan  Ase, 
that  marked  by  the  transition  between  the  '  Eamaraea '  fabric  of  pottery  and  Us 
earliest  Mycenman  lustre-painted  ware.  But  below  all  is  a  thick  bed  of  yellow 
clay,  containing  scraps  of  primitive  hand-burnished  block  and  brown  pottsry, 
mixed  with  bones  of  animals.  This  bed  aeema  to  be  water-laid,  and  to  be  prior  ID 
the  use  of  the  cave  as  a  sanctuary.  Probably,  when  it  was  in  process  of  fornutkn, 
the  cave  was  still  aswallow-hole  of  the  lake  which  once  occupied  the  dosed  LsMtbi 
basin ;  but  before  tho  Mycenesan  period  the  present  outiet  nad  opened,  and  Ha 
plain  was  6zj. 

The  southern  or  Lower  Qrotto  falls  Steeply  for  some  200  feet  to  asubterraoeai 
pool,  out  of  which  rises  a  forest  of  stalactite  pillars.  Traces  of  a  rock-cut  stairway 
remain.  Much  earth  had  been  thromi  down  by  the  diggers  of  the  Upper  Qrottc, 
and  this  was  found  full  of  small  bronze  objects.  But  chance  revealed  a  man 
fruitful  field,  namely,  the  vertical  chinks  in  the  lowest  stalactite  pillars,  a  great 
many  of  which  were  found  still  to  contain  toy  double  axes,  knife-blades,  oaoilf*, 
and  other  objects  in  bronee,  placed  there  by  dedicators,  as  in  niches.  The  mad 
also  at  the  edge  of  the  subterranean  pool  was  rich  in  similar  things,  and  in  statu- 
ettes  of  two  types,  male  and  female,  and  engraved  gems.  These  had  probably 
been  washed  out  of  tho  niches. 

The  knife-blades  and  giTnulacra  of  weapons  are  probably  the  offerings  of  men ; 
the  needles  and  depilatory  tweexers  of  women.  The  frequent  occurrence  of  the 
double  axe,  not  only  in  bronEe,  but  moulded  or  painted  on  pottery,  found  in  the 
cave,  leaves  no  doubt  that  its  nstron  god  was  the  '  Carian '  Zeus  of  Labranda,  or 
the  Labyrinth,  with  whom  perhaps  his  mother,  the  Nature  (toddess,  was  associated, 
and  the  statuettes  probably  represent  the  two  deities.  Here  was  tho  primitive 
scene  of  their  legend,  transferred  in  classical  times  to  a  cave  on  Mount  Ida, 


2.  On  the  Japanese  Goliei  andllie  Ainu  Itiao.    By  W.  G,  AetOX. 

The  paper  illustrates  a  principle  in  the  history  of  telifiian  bvwhich  the  object 
which  Is  at  hrst  simply  an  offering  has  a  tendency  to  become  conceived  of  as  the 
embodiment  of  the  God,  or  even  as  a  distinct  and  independent  ddty. 

In  ancient  Japan  the  oficriogs  to  the  gods  were  of  the  most  varied  descripfioo. 
Among  tbem  were  included  hemp  and  bark  fibre,  together  with  cloth  made  from 
these  materials,  In  later  times  tht-re  was  substituted  a  small  quantity  of  pap" 
made  of  the  same  bark  fibre  and  attached  to  a  wand  in  the  form  known  to  ds  al 
gohei.  With  the  change  of  form  the  original  character  of  the  gnhei  as  offerien 
was  forgotten.  They  were  looked  upon  as  receptacles  or  embodiments  of  the  Ooa, 
andhonourwBspaid  to  them  accordingly.  At  festivals  the  Ood  descended  into 
tiie  yaA«i  on  a  cert&in  formula  being  pronounced  by  the  prieaL  Hvpnotie  prsc- 
titiotwrB  also  used  these  ol:>jecte  in  tneir  stances,  the  deity  who  iaapiKd  tbon  n 
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their  trances  iMiug  snppoaed  b>  enter  their  body  hj  this  channel.  There  ue  cues 
in  Jftpan  in  which  thu  devotee  has  gone  a  step  farther,  and  has  constitntsd  the 
object,  which  was  orig^oallj  an  ofienng,  a  diitinet  sod  independent  dei^. 

The  Ainuiof  Yerouse  in  their  worship  whittled  sticks  called  inao,  whidi  have  a 
general  reaemblance  to  an  old  form  of  the  ffohet,  and  are  no  dtyht  a  cheaper  Robati- 
tnte  for  them.  The  tnao,  like  the  ffohei,  axe  primarilj  ofieriugs,  but  in  certain 
cases  tbcy  receive  direct  worship  as  gods,  hariiig  becoae  in  short  genuine  fetishes. 
Another  link  between  the  inao  and  the  ffohei  is  provided  bj  certain  whittled 
ttioks  closelj  reeembling  Mao  which  were  in  use  in  Northern  Japan  a  century  ago 
for  Btrikinp  woman  with  in  order  to  eneure  fertility,  as  in  the  Roman  Lupercaba. 
Similar  sticks  after  conaecratioil  by  the  Shuita  priests  were  fonnerly  used  at  Kioto 
to  kindle  the  boiuebold  fire  afresh  on  the  new  yev,  and  so  avert  possible  pestilence. 


3.  The  TexlUe  PeUtemt  of  ilie  Sea.Dayak$.    By  Dr.  A.  C.  Haddon,  F.R.S, 

The  Sea-Dayak  women  weave  short  cotton  rep  petticoats  and  cotton  sleeping 
wraps  which  are  covered  with  beautiful  and  oftenintricate  patterns.  The  patterns 
ore  made  in  the  following  manner :  the  warp  is  stretched  on  a  frame,  the  woman 
takes  the  Srst  fifteen  to  thirty  strands  and  ties  them  tightly  with  stripe  of  leaves 
at  iiregular  intervals,  according  to  the  design,  which  sue  carries  in  her  memory. 
The  next  fifteen  to  thirty  strands  are  similarly  tied,  and  this  process  is  repeated 
until  all  the  threads  have  been  utilised.  The  warp  is  then  removed  from  the  frame 
and  dipped  in  a  reddish  dye,  which  coloura  the  free  portions  of  the  warp,  but  the 
tied-np  portions  remain  undyed ;  thus  a  light  pattern  is  left  on  a  coloured  back- 
ground, when  the  laahing  is  untied.  If  a  three-colour  design  is  required,  as  is 
usually  the  case,  the  first  lashing  is  retained,  and  various  portions  of  the  previously 
dyed  warp  are  tied  up ;  the  whole  is  immersed  in  a  block  aye,  and  then  both  sets  of 
lashing  are  untied.  The  paltem  ie  thus  entirely  prodoced  in  the  warp,  the  woof  is 
•elf-coloured,  and  does  not  obirude  itself  in  the  material. 

There  are  a  very  large  number  of  designs  and  patterns,  which  are  lemembered 
by  the  women  aed  handed  down  from  mother  to  daughter.  By  far  the  greater 
number  of  these  deeigns  are  bused  upon  animals,  whereas  most  of  the  patterns 
carved  by  the  men  on  wooden  and  bamboo  objects  are  derivedfrom  plant  motives. 
The  desi^s  embroidered  by  the  women  on  jackets  and  loin-cloths  are  usually 
loomoTpnic  in  character,  but  the  treatment  of  the  motives  is  quite  different  from 
the  decoration  of  previously  described  fabrics. 

The  decorative  art  of  the  Sea-Days ks  of  Sarawak  differs  in  character  from  that 
of  the  Kayans,  Kenyabs,  and  other  inland  tribes. 


4.  Relict  of  the  Stone  Age  of  Borneo.     By  Dr.  A.  C.  Haddon,  F.R.S. 

Until  about  ogbteen  months  ago  the  only  authentic  Kumple  known  in  this 
coontryof  a  stone  implement  from  Sarawak  was  the  specimen  collected  W  A.  Hart 
Everatt,  which  is  now  in  the  Pitt  lUvers  Collection  at  Oxford.  In  December, 
1696,  the  Sarawak  Museum  obtained  a  spedman  of  a  different  type.  I  discovered 
a  third  type  in  a  Sibop  house  on  the  Tinjar  River  in  the  Baram  KstTict  of 
Sarawak ;  later  Dr.  C.  Hose,  the  Resident  of  the  Boram  District,  obtained  numerous 
examples  from  various  interior  tribes  in  his  district ;  these  be  baa  generoualy 
preeented  to  the  Univertdty  of  Oatnbridge.  The  occurrence  of  stone  implementa  in 
Borneo  has  been  previously  noted. 

The  implements  are  made  of  various  rocks,  including  fibrolite,  impure  sand- 
stone, arkose,  silidfied  limestone,  shale,  andesite,  and  chalcedony.  The  form,  too, 
variee  greatly ;  some  are  obviously  axe  heads,  others  adie  blades,  while  certain 
^Hndncal  fomu,  with  a  more  or  lees  cup-abaped  cutting  end,  were  probably  used 
to  extract  the  pith  from  the  sago  palm.  In  the  collection  are  several  stone*  of 
irregular  form ;  the  former  use  of  tome  of  them  is  probtenxitical,  but  they  liave 
recently  been  used  W  touchstones, 
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Tho  lutiTU  h&re  &  Iiigh  regud  (at  theie  atone  implements,  which  have  in  Omx 
e^ra  K  p«cred  chiruter,  had  it  ia  ^eij  difficult  to  penusde  theii  ownen  to  put 
with  them.  In  all  cases  Towls  had  to  be  aacrificeii  to  appease  tte  spirits.  Tha 
implements  are  stored  with  other  sacred  objects,  and  moat  of  them  are  beliered  to 
be  teeth,  or  toe-oaiU,  of  Baling  Qo,  the  Thunder  Qod. 


5.  BoVftet  a/nd  Famnly  Life  in  Samwak. 
By  A.  C.  Haddos,  ScD.,  F.S.S. 

The  anthor  exhibited  a  serii-a  of  nearlj  fiftj  lanteni  slides  talien  duripg  hia 
recent  expedition  to  Sarawak,  which  wen  selected  to  illustrate  the  tjpa  of  bouse 
that  is  common  amooft  the  settled  inland  tribes  of  Borneo  and  the  everj-daj  life 
of  the  people.  No  attempt  was  made  to  diBtiDtniisb  between  the  rarioua  trifaea,  aa 
their  mode  of  life  is  very  similar  in  its  main  featnreg.  The  Tillage*  are  all  Htnated 
on  or  close  h\  the  banks  of  rivers;  moat  of  the  houses  are  of  large  use,  and  may  con- 
tain from  balf-a-dOEfn  to  alitj  families.  Sometimes  a  village  conaials  of  a  aingle 
houM  or  of  a  string  of  houses  placed  endwise  to  each  other. 

A  house  is  built  on  piles  some  ten  to  twenty  feet  from  the  ground.  Along  the 
side  facing  the  river  is  a  wide  verandah,  which  stretches  down  the  whole  length 
of  the  house.  Here  man;  of  the  domestic  industries  are  carried  on,  and  all  social 
and  public  business  is  transacted.  The  dwelling-rooms  of  each  family  open  by  a 
single  door  on  to  the  verandah.  While  the  common  verandah  affords  every  facUitj 
for  social  intercourse  the  privacy  of  the  borne  is  thoroughly  respected. 

In  the  verandah  of  nearly  every  house  is  at  least  one  trophy  of  the  skuHs  of 
enemies,  which  are  supposed  to  bring  gixA  luck  and  plenteous  harveata.  Food  is 
occasionally  offered  to  tnem.aud  a  fire  has  to  be  kept  bamjog  beneath  them,  other- 
wise the  skulls  would  be  uncomfortable  and  bring  misfortonea  to  the  honae. 
Various  industries  were  illustrated  by  slides,  such  as  the  huaking  and  winnowing 
of  rice  by  the  women.  The  houses  are  often  ornamented  with  carvings  or 
paintings  of  a  conventional  character,  the  style  of  decoration  varying  accwding 
to  the  tribg. 


SATURDAY,  8EPTXMBER  8. 
The  following  Papert  were  read; — 

1.  On  ilie  Anthropology  of  Weat  Torkthire. 
By  JoHK  Bbddoe,  M.D.,  LL.D.,  KS.S. 
The  author  discussed  the  queetion  whether  a^  considerable  British  or  pre- 
Anglian  element  remained  in  the  country  around  Bradford.  Without  coming  to 
any  positive  conclusion,  he  was  disposed  to  conmder  the  inhabitants  of  theM  parte 
as  mainlv  Anglian  in  type.  More  British  blood  temuned  further  north,  in  Craven. 
A  prevalent  type  about  Leeds  seemed  to  him  to  resemble  tlie  Burgnndian  Belaii 
type  of  His  and  Biitimeyer. 

2.  On  the  Vaffories  ofiha  Kephalie  ItkUx.  By  Johjt  Bkddoi, 
M.J>.,  LL.D.,  F.S,S. 
rhe  communication  iii  basod  on  a  description  of  two  heads,  both  doliidiotd  ic 
pattern,  but  of  which  tlie  one,  which  was  most  distinctly  so,  gave  a  latitadinal 
index  (living)  of  82'3,  owing  to  retarded  oaaiScalion  of  the  posterior  part  of  the 
tttnporo-parietal  suture.  But  for  this  the  author  thought  tliq  ipdex  vqald  9H 
hftve  exceeded  77 
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3.  On  certain  Markings  on  the  Frontal  Pari  o/lhe  Human  Cranium,  and 
their  Signifkanct.    By  A.  Fbakcis  Dixon. 


n  HhowB  that,  in  many  cuu, 
grooToa  or  chamels  ore  preeent  on  tne  boae,  corree  ponding;  to  tlie  branches  of  the 
supra-ortutal  neireB.  Toeae  grooves  tbtj  Tervmuch  in  appearsnee,  aa  tbej  may 
be  eimple  or  branched,  shallow  or  deeply  cot,  Ihej  are  not  infrequently  converteil 
in  puts  of  their  course  into  little  tuiuieU.  In  Bome  cuee  the;  are  found  ui  one 
aao  of  thr " —    -'-   '-     ■'■  -  ------    '--•'-    "'  -     -'  ---   '--■-!'-■ 


n  only,  in  others  they  occni  on  both  sides  ;  their  dietribntion  is 
very  rnrelT  quite  symmetrical.  Most  fieqaeotly  the  grooves  occnr  beneath 
the  outer  branches  of  the  suprB~orbit«l  neire,  bat  in  many  cases  they  are  found 
beneath  the  inner  bnnches.  The  (frooves  never  pass  from  the  frontu  on  to  the 
parietal  bone — s^ross  the  coronal  suture.  They  often  extend  upwards  IVom  the 
supra-orbital  notch,  or  foramen,  ss  far  as  the  eoronsl  suture ;  in  other  cases  they 
begin  inferiorly  at  a  little  foramen  where  some  branch  of  the  nerve  enters  the  bone. 
The  openings  of  these  little  foramina  are  directed  upward*  towards  the  coronal 
SDtnre,  juBt  M  the  openings  of  the  nutrient  foramina  in  the  long  bonee  are 
directed  toward!  the  end  of  the  bone  where  growth  ia  moat  active  and  goea 

The  presence  of  these  grooves  indicstee  a  want  in  proportion  between  the  growth 
in  length  of  the  nerves  and  the  amount  of  exponuon  ofthe  underlying  part  of  the 
cranium.  The  nerves  mi^^ht  be  looked  upon  as  constricting  cords  which  become 
depreeeed  in  the  developing  bone  aa  the  cranium  expands.  The  constricting 
portions  of  the  nerves  are  onen  limited  inieriorly  at  a  point  where  some  little 
branch  enters  the  bone,  and  superiorly  at  the  coronal  suture,  where  the  deep 
layers  of  scalp  are  firmly  bound  down  to  the  cranium.  Hence  the  grooves  for  the 
nerves  do  not  cross  the  coronal  suture  and  often  be^  inferiorly  at  tittle  tarmnan 
whose  opening  are  directed  upwards.  The  grooves  appear  to  indicate  in  the 
skulls  in  which  they  occnr  an  excessive  development  of  the  frontal  part  ofthe 
cranial  wall.  In  races  in  whom  the  grooves  are  common,  and  strongly  narked, 
we  would  expect  the  preeence  of  a  tendency  towards  increased  development  and 
capacity  of  the  frontal  part  of  the  cranium;  while, on  the  other  hand,  in  races 
in  whom  the  grooves  ao  not  occur,  or  are  rare,  and  but  feebly  marked,  we 
would  expect  to  find  much  uniformity  in  the  shape  and  siie  of  the  cranium, 
indicating  that  none  of  its  various  parts  are  tending  towards  an  increased  develop- 
ment. In  the  purer  races  of  mankind,  with  marked  iinifoimity  in  the  nie  and 
shape  of  their  crania,  we  would  look  for  the  greatest  harmony  between  the  growth 
in  length  of  the  overlying  structures  and  the  amount  of  expansion  of  the 
various  parte  of  the  cranial  wall ;  on  the  other  hand,  in  mixed  racee  we  would  be 
more  likely  to  find  individuak  exhibiting  a  want  of  such  correspondence  in  the 
amount  of  growth  of  the  superficial  and  deeper  structures.  In  this  connection  it 
is  intereeting  to  note  that  the  frontal  grooves  are  almost  never  found  in  Australian 
sndTaamaman  skulls,  that  they  are  rare  among  Melaneaans,  slightly  more  common 
among  Polynesians,  while  among  Bushmen  and  Negroes,  especially  in  Zulus  and 
Kaffirs,  the'y  are  very  common,  and  often  extraordinarilv  well  marked.  Among 
Nefrroee  they  are  present  in  over  CO  per  cent,  of  the  skulls  examined.  In  the 
skulls  obtained  in  the  dissecting  room  they  are  present  in  about  41  per  cent, 
of  all  cases. 


i.  On  the  Sacral  Index.  By  Frofesaor  D.  J.  Cdnnimohah,  M.D.,  F.B.S. 
Inasmuch  as  the  true  length  of  the  sacral  portion  of  the  vertebral  column  is 
not  indicated  bv  the  shortest  distance  between  the  apex  and  base  of  the  sacrum, 
but  rather  by  tie  length  of  the  curve  formed  by  the  sacral  vertebra,  it  is  proposed 
that,  in  making  measurements  for  the  determination  of  a  sscral  index,  '  length ' 
■hoiud  be  measured  b^  nsing  a  tape  along  the  concavity  of  the  sacral  curve,  and 
not  1^  calipers,  one  limb  of  which  is  placed  upon  the  base  and  the  other  oo  the 
Upex  of  the  Mcr»in.    ^a4tb  (measured  b^  calipers  ip  tbe  ordin^  mppri) 
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multiplied  bj  100  uid  divided  by  lengtli,  measond  in  the  Bunner  indicfttad,  give* 
the  tnie  ncml  index. 

Tlie  curratiin  of  the  saerum  may  be  coDTanientlj  plotted  by  taking  a  tnonif 
from  $,  itiip  of  Boft  metal  which  baa  been  previoualy  adapted  by  preMure  to  the 


front  of  the  sacrum  alone  its  middle  line.    The  index  of  curratute  may  be  e 
pressed  by  tbe  niunbeT  derived  by  multiplying  tbe  height  of  thia  plotted  curve 
by  100  uid  dividing'  by  the  number  correspondiog  to  the  true  length  of  tha 


5.  On  ike  MicToeepKalie  Brain. 
By  Professor  D.  J.  Cunkiitoham,  M.D.,  F.R.S. 

Tbe  brain  of  the  microcepbalie  idiot  may  exhibit  features  which  do  not  merely 
rapreeent  a  'fixed'  embryonio  condition.  In  one  specimen  the  arranftement  ^ 
tbe  flseuree  and  sulci  is  found  to  approach  more  cloeely  the  ape  than  tbe  human 
type,  and  in  almost  every  furrow  eomq  eimian  character  can  be  detected.  These 
simian  characters  must  not  he  considered  mere  festal  conditions  rendered  per- 
manent. The  ape-like  condition  eiisdng  in  this  brain  does  not  as  a  whole 
oorreapond  to  that  of  any  one  ape,  or  group  of  apes,  but  there  is  a  complicated 
mixture  of  features  some  of  which  are  characteristic  of  birh  apea,  while  othata 
find  a  parallel  in  the  brain  of  low  apes.  The  microcephalic  Drain  may  be  regarded 
aa  a  partial '  atavism.'  So  far  as  ita  surface  markings  are  concerned  the  specimen 
noted  has  reverted  in  part,  or  wholly,  to  an  arrangement  which,  in  all  probability, 
eusted  in  some  early  stem-form  of  man. 


6,  DeveloptneiUat  Change*  in  t)ie  Human  SiceUtcn  from  the  Point  of  Vieu 
of  Anthropology.     By  David  Watekston,  M.D.,  F.R.C.S.E. 

A  wriaa  of  specimens  of  tbe  long  bones  of  the  extremities  at  difierent  ages  of 
embiyouic  and  infantile  life  has  been  collected  and  examined.  The  method* 
employed  in  tbe  examination  were  those  of  anthropometry,  namely,  osteometry 
ana  osteosonpy. 

By  the  former,  tbe  relative  lengths  of  the  bones  of  the  limbe  at  different  agei 
have  been  aiicertained  and  compartd  one  with  another,  and  by  the  latter  it  hM 
been  found  that  these  bones  present  some  definite  and  interesting  character*. 
Without  going  minutely  into  the  rate  of  growth  of  each  segment  of  the  upper  and 
lower  limbu,  the  general  character  was  shown,  and  the  special  feai^uree  of  the 
bones  at  different  ages  were  demonstrated  by  means  of  lantern  elides  taken  from 
photographs  of  the  objecta.  An  attempt  use  also  been  made  to  ascertain  the 
cause  of  tbe  special  characters  found  in  the  bonea  by  investigating  the  time  <^ 
their  appearanoe  and  of  their  replacement  by  adult  characters. 

A  compaiieon  has  also  bean  instituted  between  the  bonea  of  the  embryo  and 
those  of  the  lower  racsii  of  mankind  and  of  the  higher  apes,  both  aa  regarda  ibeit 
relative  length  and  their  characters. 

Aa  it  hu  been  shown  that  the  curvature  of  the  spine  in  the  lumbar  region  is  a 
poal-natal  development,  and  one  adapted  to  the  asaumptian  of  tbe  emct  attitoda 
trr  the  infant,  it  wss  shown  that  in  a  similar  way  the  configuration  of  tbe  bones 
of  the  lower  extremity  altera  after  birth,  before  tbe  infant  can  stand  erect. 


MONDAY,  SEPTEMBER  10. 
The  following  Papers  and  Beport  were  read  :— 
1.  On  tJig  Imperfection  qfowr  Knmdedg%  ofthn  Black  Eaeea  of  the  Trant- 


vaai  and  tAe  Orange  Biver  Colony.     By  E.  S.  Habtland,  F.S. 
from 


Our  information  on  the  customs,  institutions,  and  beliefs  of  the  native  races  of 
the  Transvaal  and  the  Orange  River  Colony  is  derived  chiefiy  from  £»gmentuy 
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notioes  by  nuaiioBuieB,  an  I  thsH  are  Dot  to  be  implicltlj  trusted.  The  bUck 
peoples  of  South  Africa  are  Bantuii  and  Bushmen-HatteDtotA.  Thoug'h  tbere  is 
a  general  rimilaritj  of  custom  amoag  them  all,  there  an  also  important  difierencea, 
of  which  some  examples  are  given.  Inqiiiriee  made  bj  the  Cape  QoTenment. 
The  difficulty  azperienced  by  Europeans,  even  when  looK  reaident  among  the 
natiTBa  and  intimately  acquainted  with  them,  of  understanaing  the  real  meaning 
of  their  instituticns.  The  practice  of  kbola  auppUea  a  striking  example  of  this 
difficulty. 

An  accurate  etudy  of  the  native  customs,  institutions,  and  beliefs  is  an  urgent 
necessity  both  for  missionaries  and  far  purposes  of  (^ovemment. 

3,  On  a    Mould  ehouying   th«   Finger-prirUa  of  a    Soman  Sculptor  of 
probably  the  Third  Century.     By  Sir  William  Tuenbb,  3f.B.,  F.S.S. 

Sir  Wm,  Turner  exhibited  a  plaster  mould  of  a  head,  which  had  been  modelled 

Sa  Roman  eculptoi  in  probably  the  third  ceutnry  a.B.,  on  which  the  prints 
the  lines  on  the  akin  of  the  sculptor's  fingers  had  been  preserved.  The  mould 
bdonged  to  Mr.  G.  AUis,  of  the  Roman  House,  Lincoln,  who  had  obtained  it 
during  the  excavation  of  the  foundaUons  of  bis  bouse  a  few  years  ago,  the  site  of 
which  is  within  the  area  of  a  large  building  of  Roman  times,  several  of  the 
columns  of  which  are  preserved  in  the  bsaement  of  hit  housa. 


3.  Report  on  Hie  Canadian  Ethnographic  Survey, — See  Reports,  p.  i 


4.  The  Paganitm  of  the  Civilised  Iroquoii. 
By  David  Botlb,  Curator  ofO\x  Muteuvx,  Toronto. 

Notwithstanding  the  contact  of  the  Iroqnoia,  or  Six  Nation  Indians,  with 
white  people  for  more  than  three  hundred  years,  a  very  cooaiderable  number  of 
the  former  have  retained  many  of  their  old-time  helieb,  with  the  forms  and 
ceremonies  appertaining  thereto. 

Of  four  thousand  Caniengas  (Mohawks),  Senecas,  Oayugas,  Onondagas, 
Oneidns,  and  Tiiscaroras  now  residing  on  the  Grand  Reserve,  within  sixty  miles  of 
Toronto,  Ontario,  fully  one-fourth  continue  to  observe  the  ancient  feasts  or  dances 
connected  with  the  growth  and  insatbering  of  com  and  fruits,  and  for  dedied 
changes  in  weather,  as  well  as  for  £e  cnre  of  disease. 

Some  modification  in  the  ceremonies  was  made  about  a  century  ago  by  an 
Onondaga  named  8ka-nc-o-dy'-o,  who  announced  himself  as  a  prophet  who  bad  ptul 
a  visit  to  the  abode  of  the  Great  Spirit,  The  changes  introduced  by  him,  however, 
have  not  by  anv  means  removed  the  pagan  character  of  the  native  l)eliels, 
although  he  certamly  did  attempt  to  imitate  some  Christiata  observances. 

Still,  the  addresses  of  the  medicine  men  retain  most  of  the  old-time  forms, 
although  tbdr  significance  in  many  cases  is  lost,  and  even  the  meaning  of  numerous 
words  IS  no  longer  known. 

The  leading  idea  in  the  present  form  of  worship  is  that  of  a  Great  Spirit,  but 
this  has  been  acquired  from  missionary  sources ;  and  altbongb  the  Indians  have 
adopted  the  idea  of  a  heaven,  they  do  not  believe  in  any  bell. 

The  quoted  examples  of  jtetiUons  addressed  to  Rawen  Niyoh  (the  Creator) 
illustrate  the  lack  of  assimilation  of  the  old  and  new  forms. 

One  of  the  most  characteristic  ceremonies  connected  with  Iroquois  paganism 
is  tbat  of  tbe  sacriGce  or  burning  of  the  Wiiite  Dog  at  the  new  year  feast  aurinK 
tlie  February  moon,  when  ihe  spirit  of  the  dog,  accompanied  by  ofierii^  3t 
tobacco,  conveys  to  Niyoh  information  respecting  the  condition  of  bis  'own 
people'  on  the  Grand  River  Resefre. 
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5.  JTotM  on  Matai/  Metal-work.    By  Waltbb  Robbnhain,  B.A.,  St  John't 

College,  Cambridge  ;  1851  £aAibilion  Commitsionera'  Beseareh  Sehdar, 
Vnivernty  of  Jddbotime. 

The  paper  deah  with  eome  specimeni  of  Malay  met&l-work  ■nbmitted  to  tha 
aathor  for  microscopic  4iid  other  eiominBtioii  by  Mr.  W.  W.  SkeaL  Soma 
Malav  proceaees  Rctuolly  witnessed  b;  Mr.  Skeat  were  deacribed.  >nd  the  beuiiga 
of  the  microscopic  examinatioa  on  the  exptanationa  of  these  prooeaaea  *n 
diacuBsed. 

The  fint  qoeation  dealt  with  is  tlie  production  of  tbe  'dunask' patten)  on  t 
Malay  kris.  MicrophotographB  were  given  showing  that  tke  'damask  iron'rasUy 
consists  of  lavers  of  looselj  welded  wrought  iron,  the  onlj  other  metal  used  haia 
tool  steel.  The  body  of  the  blade  is  made  of  steel,  and  a  layer  of  Isminates 
'dsxasek  iron'  is  welded  upon  either  aide  of  the  ceatral  layer  of  eteel;  a  thin 
layer  of  steel  is  welded  on  outside  the  '  damask  iron.'  The  author  believes  that 
the  striated  '  damask'  effect  is  due  to  the  opeutn^  of  the  loose  welds  in  the  damssk 
iron  during  the  forging  of  the  blade,  steel  being  driven  between  the  lamiuts.  Ilia 
outside  layer  of  steel  is  entirely  ground  away,  and  whea  the  compoond  suHaoe  so 
produced  IS  '  etched '  b^  the  pickling  process  employed,  the  more  readily  comidsd 
steel  is  attacked,  leaving  the  edges  of  the  layers  of  iron  as  a  series  of  narrow 
projecting  ridges. 

The  tools  of  the  Malay  goldsmith  vera  next  described,  and  the  micro-atractnre 
and  composition  of  Malay  bronzes  and  'white  metal' were  described  and  discussed 

The  final  section  of  the  paper  dealt  with  the  Malay  m^hod  of  producing  chains 
by  casting. 

6.  2fole  on  the  '  Kinsfi.sher'  Kriai.     By  VroteBSOT  Henbt  Lonis,  M.A. 

This  note  describes  a  peculiar  pattern  of  kriss  used  in  a  limited  are*  in  the 

north-east  of  the  Malay  Peninsula.    The  Malay  l^end  of  its  origin  is  that  t 


party  of  Malays  from  the  fiugis  islands  invaded  this  portion  of  the  penii 
many  centuries  ago;  one  of  their  leaders  was  known  as  'the  Kingfisher '  (pre- 
sumably ou  account  of  his  rapid  movements).     The  invasion  was  bucgvesTuI,  nut 


the  leader  fell  iu  one  of  the  last  eng^pements.  After  his  death  his  followers 
carved  their  kriss  handles  into  shapes  resembling  the  kingfisher's  head  and  beak. 
Under  Chinese  induence  the  pattern  became  more  ornate,  until  it  reached  tho 
present  fixed  type. 

The  writer  discovered  in  a  pawnshop  in  Bangkok  an  earlier  form  of  this  type 
(possibly  the  only  one  extant) :  this  kriss  seems  to  have  been  sold  by  a  Msla; 
from  this  region,  many  of  whom  are  well  known  to  have  been  deported  by  the 
Siamese  between  the  years  1790  and  1820.  Colonies  of  their  descendants  still 
exist  in  Siam,  and  have  been  visited  by  the  writer.  The  early  type  of  '  Kin^ 
fisher  *  kriss  is  much  more  like  the  bird's  head  than  the  modem  pattern,  whi^  «, 
however,  now  the  only  one  seen  among  or  known  to  the  Malays.  The  r^on  in 
question  has  rarely  been  visited  by  Europeans. 


7.  On  some  Budd/iUl  Sitet.  By  W.  La.w  Bbob. 
The  author  exhibited  a  photograph  of  tke  temple  erected  on  the  spot  where 
Buddia  'meditated.'  A  sample  of  the  eacred  'Bo'  tree  was  also  shown.  ITie 
delicate  carvings  in  these  temples  were  exhibited  and  explained.  What  was 
described  as  the  'Tope'  was  a  characteristic  development  in  Buddhist  sacr«d 
buildings,  and  sometimes  these  were  treated  with  elaborate  ornamentation.  In 
addition  to  the  sites  a  series  of  views  showing  the  rock-caverns  which  enter  so 
largely  into  Buddhist  religious  life  were  eihilnted.  These  rock-eaves  eontoia 
speumens  of  the  earliest  Baddhist  sculptures  known.  The  author  also  ehowad 
views  of  a  number  of  Jain  temples  which  were  among  the  most  richly  elaborate  in 
ornamentation  of  all  Indian  sanctuaries,  and  also  views  of  side-chapels  and  cloisttfs 
belonging  to  these  temples,  in  nearly  &4  of  which  the  crfiss-IwTfd  tewf  Qf  tkf 
?u44^»waafoi(iK}, 
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TUBBDAY,  BBPTEMBBEW. 

Tbe  foUowiug:  Fapera  and  Keport  were  read  : — 

1.  On  PenrvMiffRt  Skin-marks,  Tattooing,  Soari/ieation,  Ac 
By  H.  LiKQ  Roth. 

The  author  enumerated  tiie  TBTioua  purpoaes  for  which  these  duGgurementa 
were  made.  I'hey  were  connected  among  other  thinffs  with  beliefs  in  the  future 
life,  it  being  sop^waed  that  without  them  one  could  not  find  liia  war  about  in  the 
next  world,  Timj  slao  served  as  charms  for  women  at  childbirth.  The  institution 
waa  really  divisible  into  four  divieionB.  The  Tahitian  method  was  the  one 
CommonlT  aaen  on  our  eailora.  The  New  Zealand  method,  which  was  performed 
\sj  a  pricker,  left  behind  a  very  deep  mark  in  the  ildn,  and  was  often  performed  to 
fteelj  as  to  cover  the  whole  akin.  The  West  African  and  the  TaHmanian  metboda 
differed  from  the  preceding  ones,  and  in  the  case  of  the  lant  of  these  the  marka 
develop  into  huge  continuous  sosfs.  The;  were  all  vaiiationa  of  skin  deformatiniiB, 
hnt  rubbed  in,  uid  thej  leave  a  permanent  mark  The  author  exhibited  pictures 
of  the  Tarioua  speciraena  o{;  bene  different  methoda  of  tattooing,  and  accompanied 
them  with  pictures  of  the  different  inatrumenta  employed.  The  wounds  made 
were  frequently  reopened  in  order  to  put  in  colouring  juices,  and  owine  to  this 
they  were  s  long  time  in  healing,  and  left  behind  tbem  permanent  scats. 


2.  Some  Peertliar  Features  of  the  Animai-eulti  ofAe  Ifativea  of  Sarawak, 

and  tKeir  Bearing  on  the  Problems  of  Totemiam.     By  CllARLES  HoSE, 

D.Se.,  Rtsident  of  ihs  Baram  District,  and  W.  McDodgall,  M.A. 

We  had  obferTed  customs  that  seemed  to  indicate  the  existence  of  a  well- 
developed  totemism,  either  at  the  present  time  or  in  recent  times,  among  the 
natives  of  Sarawak.  We  have  therelbre  coUectt^d  information  bearing  on  this 
aubjact  aa  diligently  as  posEJble,  from  all  the  tribes  with  whom  we  have  come  into 
intimat«  contact. 

We  foand  a  great  number  and  variety  of  peculiar  rites  and  customs  observed 
by  the  people  of  the  different  Iribea  in  their  dealings  with  animals  and  plants. 
We  con&ne  ourselves  in  this  short  paper  (1)  to  giving  a  general  account  of  the 
cuatoma  of  one  of  the  inland  tribea,  the  Kenyahs;  (>')  to  describing  the  'Nyatoug,' 
or  spiiit-faelper  of  the  Sea-Dayaks,  and  some  aimilar  institutions  among  the  other 
tribes;  and  (3)  to  pointing  out  the  bearing  of  our  obGervatiaus  on  the  totem 
problem. 

The  Kenyohs  are  a  warlike  agricultural  people,  living  as  isolated  communi- 
ties of  twenty  to  fifty  or  more  fiimilies,  each  community  inhabiting  a  single  long 
house  built  on  the  rivei-bonk.  Their  religion  is  peculiar,  in  that  they  believe  in 
«  beneficent  Supreme  Being  and  &  ^up  of  de^rtmeiital  deities,  while  they  attri- 
bute to  every  agent  that  affects  their  Uvea  a  spirit  that  must  be  properly  reapected 
ftnd,  if  neceaaary,  propitiaiad. 

Most  important  to  them  of  all  the  animals  ia  the  common  white-headed  hawk. 
He  brings  messages  of  warning  and  advice  from  the  Supreme  Being  to  those  who 
know  how  to  read  the  signs  he  gives,  and  he  is  consulted  before  every  under- 
taking of  importance,  and  eacritlces  of  fowls  and  pi^  are  mode  to  him.  A  wooden 
image  of  the  hawk  stands  before  eve^  house.  Several  other  birds  give  them 
omena  of  leaser  importance,  and  none  of^eea  may  be  killed  or  eaten. 

The  domestic  fowl  is  killed  as  a  aacriSce  to  the  hawk  or  other  powers,  and  its 
blood  is  sprinkled  on  the  altar-posts  of  the  fpia  and  on  the  persons  taking  part  in 
Tarioua  ceremonies,  especially  pence-making  ceremonies.  The  domestic  pig  is 
•acriSced  in  mnch  the  same  way-  "^^  spirit  of  a  pig  is  always  charged  with  soine 
prayer  to  be  carried  to  the  Supreme  Being,  and  the  answer  b  read  from  the 
jmarkings  of  its  liver. 

Tb?  epfodjles  Are  regaplpd  aji  a  ffipndl^  and  al(ie4  tfibe,  itnd  ilia;r  bf  jfUlec^  i|t 
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Tetaliation  only.  No  Een^ftli  viU  kill  a  dog,  &nd  the  dead  body  of  a  dog  u  n- 
l^srded  with  fear. 

Kenjaha  will  not  eat  the  flesh  of  deer  or  horned  cattla,  and  there  are  muf 
TeatriclioDB  on  touching  or  usis^  an;  parte  of  them. 

Onlj  old  or  renowned  warriors  will  wear  or  touch  the  akin  of  a  tiger. 

One  house  is  decorated  with  carvings  of  the  gibbon  on  everr  large  beam,  and 
all  Eenjahs  hare  a  dread  of  the  Maiaa  and  the  long-nosed  monke;r- 

There  thua  aeema  to  be  every  degree  of  regard  paid  to  the  different  beaati, 
from  the  mere  uneasy  feeling  in  the  preaence  of  the  uncanny  lonfF-nond  monkey 
the  elaborate  cult  of  the  hawk,  and  the  nature  of  the  respect  paid  toanyspeci«s 
'     ..      .-      .  made  on 


n  nearly  every  case  Ui  be  the  direct  expreaaion  of  the  ii 
the  barbarian's  mind  by  the  behaviour  of  the  oeasts. 

The  Spirit-Helper. — Every  Sea-Dayak  hopes  to  be  gnided  and  helped  all 
through  hia  life  by  a  apirit  which  announces  itself  to  him  in  dieama  and  talus  up 
ita  abode  in  some  peculiar  natural  object  or  in  some  animal.  In  the  latter  eaie 
the  Dayak  will  never  kill  or  eat  one  of  the  same  apeciea  of  animal,  and  will  lay 
tha  same  prohibition  on  all  his  descendants,  so  that  a  whole  &mily  may  come  to 
pay  especial  regard  to  one  species  of  animal  far  many  generations,  A  nmilar 
instdtution  occurs,  though  less  commonly,  among  the  other  tribes.  In  soeh  easet 
we  seem  to  be  able  to  trace  sometimes  the  actual  origin  and  growth  of  a  totem. 


3,   Report  on  (he  Ethnography  of  Hi*  Malay  Peninguia. 
Bee  Beporta,  p.  393. 


4.  On  tfw  Pregent  Stale  of  our  Knowledge  of  the  Modem  Pop^Uaiion  <^ 
Egypt,    By  D.  Bakdall  MacTveb,  M.A. 


S.  Perforate  Humeri  m  Ancient  Egyptian  SkdeUmt, 
By  Professor  A.  Macalisteb,  F.R.S. 

In  sorting  out  our  Camhridge  collection  of  Egyptian  honee  I  have  noted  the 
frequency  of  supra-articular  perforation  of  the  humerna,  enneially  in  the  bene* 
from  Libyan  graves.  I  did  not  begin  to  count  the  number  of^eKamples  until  mora 
than  three-fourths  of  the  series  had  been  put  away  in  store-cases,  out  out  of  the 
laat  twenty  boxes  opened  I  found  that  out  of  682  humeri  390  were  perforate  and 
292  imperforate.     The  percentage  of  perforation  ia  therefore  67'2. 

This  exceeds  anything  hitherto  publiabed.  OF  andent  North  Amerions  the 
percentage  of  perforate  bones  out  of  900  apecimens  is  40  per  cent.  In  one  collection 
from  the  Qila  Valley,  in  Arizona,  48  periorate  bones  were  found  out  of  88,  a  p«- 
centage  of  &3'8 ;  but  this  is  exceptionally  high,  and  the  nnmber  of  bonee  ia  not 
large.  In  our  Cambridge  collection  when  I  began  to  eoont  I  foand  oat  of  the 
first  115  bones  that  66  were  perforatsd  ;  ao,  had  I  none  but  this  aeries,  the  perorat- 
age  would  have  come  out  66'6. 

The  Libyans  ma;  therefore,  I  think,  claim  to  hold  the  record.  In  our  dissect- 
ing-room there  were  three  induces  tfut  of  the  last  hundred  bodies  examined. 
Other  statistics  will  be  found  in  Mesers.  Matthews  and  Lamb's  article  on  the 
subject.' 

The  authors  just  quoted  are  most  probably  correct  in  considering  this  as  an 
acquired  character.  The  youngest  specimen  obtained  was  in  a  humerus  of  a  child 
probably  six  yeara  old.  I  have  not  seen  any  genuine  approach  to  this  conditiw 
among  100  fmtal  humeri  examined  for  the  purpose.  As  far  as  1  know,  it  has  never 
been  found  in  a  fcetal  bone. 

It  is  a  perforation  of  the  ehaft  well  above  the  epiphyrial  jnnctdan  line.    Hn 
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dkul  extTcmitj  of  the  duphjoa  ttuckens  b^w  tlie  hole  down  to  tlie  place  vhtaa 
the  epiphjais  is  Kt  upon  it. 

It  ia  uwajs  ui  the  mtra-«rticu1u  put  of  the  olecranon  fossa,  helow  the  line  of 
reflexion  of  toe  ajDOTiol  memhrans  that  croeaea  the  middle  of  the  fos».  It  is 
tbereibre  quite  distinct  from  the  Twculsi  holes  with  which  Tapinard  asaociotAS  it, 
BH  thsBe  are  alwajs  extra-artioular  [the  Teasels  are  chieflj  derived  from  the  inferior 
profunda]. 

Of  theae  perforate  hnmeri  172  were  right  and  ^18  were  left.  As  fiftr  ss  coutd 
he  determioea  from  sie,  shape,  and  from  the  accompanying  peMc  bones,  183  were 
male  and  IS8  were  female.  There  ia  thus  the  same  preponderance  of  left  and 
female  over  right  and  male  bones  which  was  noticed  b;  the  describers  of  the 
Henenway  CoUeclion,  leading  one  to  speculate  as  to  the  nature  of  the  work  which 
predisposed  to  the  perforation — the  mill,  the  shadoof,  or  the  mattock. 

As  to  the  eizee  of  the  holes,  they  were  mostly  OTat  or  elliptical,  with  the  long 
axis  tranarerse  or  nearly  so,  and  the  distribnljoa  of  their  sues  is  shown  in  tbe 
accompanying  table ; — 


Length  of 

Long  Axis 

Uali. 

Feiuu. 

Bight. 

Left. 

Bight. 

Lett 

11 

10-13 
Over  13 

17 

u 
1 

8 
68 
37 

2 

12 
62 
22 
0 

10 

6S 

0 

Total        .       . 

86 

106 

86 

112 

la  the  few  recent  examples,  which  were  large,  the  hole  was  actually  open  in  the 
recent  state ;  when  small  it  is  usually  closed  by  membrane ;  27  were  young  bones 
with  un-nnited  upper  epiphyeb,  6  coexisted  with  the  supracondylar  process.  The 
opening  is  reniform  or  bilolied  in  33. 

TbiB  note  ia  only  preliminary,  as  the  snbiect  is  aufGciently  important  to  tequire 
still  further  atady.  I  have,  however,  been  able  to  determine  that  while  in  ordinary 
extension  and  flexion  the  tips  of  the  processes  do  not  press  on  the  humerus,  yet 
by  forced  extenaion  and  forced  flexion  contact  can  be  made  to  take  place,  especially 
when  the  elbow  is  forcibly  extended,  with  the  hand  in  the  position  of  prouatioD, 


6.  On  Ani/iropdogical  Observationa  made  by  Mr.  F.  Laidtato  in  tJie 
Malay  Penineula  (SketU  Expedition).     By  W.  L.  H.  Duckworth. 

The  anthropological  results  of  the  Skeat  Expedition  comprise  museum 
apecimens  in  the  form  of  a  skeleton  of  a  natiTo  of  tbe  Pangan  tribe  (Kedab),  of 
aam^ee  of  native  hatr,  and  also  a  collection  of  measurements  by  Mr.  lAidJaw. 

The  ekeletoD  is, that  of  an  adult  male,  whose  stature  was  distinctly  small 
(about  6  ibet).  The  skull  presents  a  combination  of  features  bommonly  found  in 
the  skulls  of  negroes  with  those  which  choraeterise  the  crania  of  infanta,  the 
whole  constituting  evidence  of  the  lowly  pbyeical  typo  of  the  individnal.  The 
bonea  of  the  skeleton  show  signs  of  widespread  disease,  possibly  of  a  congenital 
nature.  Mr.  Laidkw's  measurements  and  observations  relate  to  members  of  tbe 
same  tribe,  and  are  to  he  welcomed  as  aifording  precise  information  about  a  race 
of  Malayan  aborigines  hitherto  little  investigated.  Perhaps  tbe  most  inlerestiog 
point  to  notice  is  the  small  average  stature  of  the  Fangana  (about  6  feet  for 
adult  men).  Though  dwarfish,  they  are,  however,  markedly  taller  than  the  African 
dwarfs.  It  is  also  noteworthy  that  differences  in  the  colour  of  the  ^in  (varying 
shades  of  dark  brown)  and  in  the  character  of  the  hair  occur  in  tbe  different 
tribes.  It  is  important  to  notice  that  they  present  comparatively  few  anatomical 
fMturea  which  can  be  claune4  aa  evidence  of  an  approximation  to  tbe  ape.    How- 


ever  piim,itiv4  in  their  mode  of  life,  thtj  are  anatooucftUy  tfulj  taiteMntX  ifli 
bumao.  The  present  communicatioD  U  onlja  preliminary  atlCaluit  of  Mr.  Liidlaw^a 
resnlU;  moreover,  there  is  much  infonnation  aTsilable  throng  the  efforts  of  the 
Skeat  Exoeditiou  Teg:atdiiig  the  tdode  of  life,  langiuge,  enstoms,  and  religioiu 
belief  of  tnese  fatt-disappearing  aborii^nes.  The  ABsociatioD  is  therefore  to  be 
congratulated  on  haviDg,  bj  coutributiiiK  to  the  Skeat  Expedition,  aanated 
siateriallj  in  reacuing  tlieee  records  of  the  Fangan  tribe  of  the  Mslsj  Peuinaola. 


7.  On  Crania  colUeUd  by  Mr.  J.  StanUy  Gardiner  in  hit  Expedition  la 

Eotuvta.    By  W.  L.  H.  Duckworth. 

Tbe  flulject  of  this  communLcation  ie  a  collection  of  nine  crania  fnnu  the  abore- 
msnlioDed  localitj^.  The  resulta  of  a  craniological  investigation  show  that  while 
considerable  individaal  difTerences  exist,  there  are  at  least  two  typGe  of  akoll  to  be 
met  with  in  the  island  of  Kotuma.  These  are  in  the  first  place  a  vaiietj  of  the 
form  of  cranium  uauallj  found -among  Polynenan  natives,  though  posseeaiog  certain 
cfaantcterLstics  which  tna;  almost  be  described  as  Mongolian ;  and  in  the  second 
place  the  type  of  cranium  characteristic  of  Uelanesians  occuw  in  Mr.  Oardiner'a 
collection.  That  auch  different  tjpea  should  be  met  with  in  one  mnall  island  is  in 
accordance  with  what  would  be  expected  on  H  priori  grounds  when  it  is  considered 
that  Kotuma  is  utuated  at  the  centre  of  contact  of  three  important  ethnical  areas, 
vix.,  the  Poljnetian  to  the  east,  the  Mulanesian  to  the  south-west,  and  the 
Uicronesian  (where  Mongolian  elements  are  discernible  among  the  nativee)  to  the 
north-west. 

8.  A  System  of  CUus^cation  of  Finger  ImpreanoTu.    By  J.  G.  Garsoit, 
M.D.,  Expert  Adoieer  and  Ingtmetor  an  IdentificfUion,  Home  Qffiee. 
This  system  of  classification  of  finger  impressions  has  been  devised  to  be 

worked  in  conjunction  with  classification  of  records  l^  measaremeots  of  the  head 
and  limbs  for  the  purpose  of  facilitating  search  for  previous  records  of  criminals. 
It  is  aUo  applicable  for  the  classification  of  small  collections  of  records  without 
the  concurrent  use  of  measurements. 

The  objects  aimed  at  in  preparing  this  classification  have  been  to  get  a  moderate 
number  of  divisions  under  whioh  the  variotu  patterns  andcombinationB  of  patterns 
occurring  in  the  arrangement  of  the  ridges  of  the  skin  on  the  palmar  surface  of  the 
terminal  phalanges  of  the  digits  of  the  hand  may  be  classified,  so  that  each  divi- 
sion shall  contain  approximately  an  equal  percentage  of  the  total  number  of 
records  dealt  with,  using  for  the  purpose  the  fewest  number  of  digits  that  will 
suffice  to  get  such  a  distribution,  and  including  only  the  impresaions  of  those  digits 
which  are  taken  in  allcountrieswhere  the  Bertillon  system  of  identification  has  been 
adopted— namely,  the  first  four  digits  of  the  right  hand.  The  patterns  which  the 
ridges  form  are  four  in  number,  and  are  graphically  indicated  by  the  nse  of  the 
following  signs : — 

An  arch  thu y\ 

A  loop  which  opens  on  the  left  .  .  .  ,  / 
A  loop  opening  to  the  right  .  .  .  ,  \ 
A  whorl  of  any  kind q 

The  representotions  of  the  ridge-pattems  depicted  by  these  signs  from  the  im- 
pressions of  the  serenil  digits  in  OTder  of  succession  conjftituta  the  finger  formula 
of  an  individual,  which  should  be  noted  on  a  prominent  part  of  each  record  so  at 
to  be  readily  seen. 

It  has  been  found  that  the  patterns  and  th«r  combinations  on  the  thumb  and 
three  following  fingers  may  be  conveniently  arranged  in  ten  divisions.  The  thamb 
and  forefinger  are  always  required  in  the  classification,  but  when  the  diviaioos 
given  by  these  digits  an  large,  the  middle  finger  or  the  middle  and  ring  finger 
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impresuoni  &Td  fttso  needed  to  eqiuliw  the  size  of  eaeh  dirUion  to  u  nearlj  u 
ptwuble  10  per  cent,  of  the  total  number  of  recorde. 

In  the  first  instance  the  records  are  classified  into  two  diTisions  bj  the  lidge- 
pattem  on  the  thumh,  tMJCording  aa  this  happens  to  be  A,  an  arch  ot  either  f6tfk 
of  loop;  U,K  whorl. 

E«ch  of  theae  tvo  groups  is  hrohen  up  into  four  smaller  divisions  by  tb« 
pattern  on  the  forefinger  according  as  it  is  (a)  an  arch ;  (A)  a  loop  with  the  mouth 
opening  to  the  left ;  (c)  a  loop  with  the  openm^-  to  the  riffht ;  (d)  a  whorl. 

Of  the  eight  diriaionB  thus  obtained  no  farther  subdivisiOQ  is  necessary  of  ux 
eroupe — namelj,  of  a,  b,  and  d  of  the  A  division,  and  of  a,  b,  and  e  (^  the  B 
division. 

In  the  A  division,  further  subdivision  of  the  n  group  by  the  middle  and  ring 
fingers  i*  necessary.  This  is  done  by  separating  the  cases  wbere  there  are  loops  on 
each  of  the  four  digits  from  those  in  wbicb  there  is  any  other  combination  of 
patterns  on  the  thumb,  mid,  and  ring  fingers.  Thus  we  obtain  five  groups  in  this 
first  division. 

Again,  in  the  B  division — namely,  the  cases  in  which  there  ia  a  whorl  on  the 
thumb — subdivision  has  to  be  resorted  to  in  the  d  group  when  there  is  a  whorl  on 
the  forefinger  as  well  as  on  the  thumb.  Tbis  is  done  by  separating  the  esses  where 
the  middle  finger  bears  a  whorl  fVom  those  in  which  there  is  an  arch  or  either  form 
of  loop.    Thus  we  obtain  five  groups  in  this  second  diviuon. 

We  have  now  got  ten  ^oups,  which  are  of  approximately  equal  liie,  except 
the  a  group  of  the  B  division — that  in  which  the  tnumb  bears  a  whorl  and  the 
forefinger  an  arch,  which  is  considerablj  smaller  than  the  others,  but  this  cannot 
be  obviated.  In  any  given  number  of  individunli  tbere  will  always  be  some 
in  whom  one  or  more  of  the  four  fingers  used  in  clastilication  have  been  damaged 
from  some  cause  or  other,  so  that  the  pattern  of  the  ridges  is  undecipherable,  or 
one  or  more  fingers  of  either  hand  have  been  lost  partially  or  completely ;  espe- 
cially is  this  the  case  amongst  tbe  labouring  classes  in  manufacturing  districts  or 
towns.  In  adult  criminals  such  cases  amount  to  about  fiG  per  cent.  In  any  system 
of  clasaficntion  it  is  necusary  to  provide  for  euch  cases  either  b;  making  a  separate 
group  of  them  or  by  placing  them  with  some  other  group  as  may  be  found  more  con- 
venient. If  the  latter  course  be  adopted,  and  they  are  added  to  a  of  tbe  B  group, 
it  will  be  broughi  up  to  tbe  level  of  several  of  the  other  groups. 

The  following  is  the  scheme  of  classiScation  reduced  to  tabular  form,  and  the 
approximate  percentage  of  the  records  in  each  of  the  ten  diviuons  ia  indicated 
by  the  figLires  given  in  the  lowest  line : — 


lUght  Thumb 
Kight  Foiefingei 


/\l/ 


i  0  il      /\ 

/I  \ 

0 

{         JH'OII        S'3        1         1 

1                ;  Damaged 

7-7          ;        5-B 

8-bI7-91/\/\ 

0 

■1    -8-8 

10-7 

94 

With  the  above  ten  diviaiona  of  the  finger  impresdons  worked  iu  conjunction 
With  and  secondary  to  classification  by  messnrementa,  sutScient  power  is  available 
to  enable  the  records  of  a  large  number  of  criminals  to  be  easily  manipulated.  For 
example,  if  only  four  measurements  ba  used  in  tbe  tripartite  ciafdfication,  which 
is  universally  followed,  we  have  HI  divisions;  by  the  emplovment  of  this  decimal 
division  by  finger-prints,  a  total  of  810  divisions  are  oDlained  ;  while  ijf  five 
measurementB  be  ttucen,  as  adopted  in  England,  which  gives  243  dividons,  by  ^m 
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comUoed  nstem,  we  increue  tlie  power  of  effective  dassiGcation  tenfold,  and 
obtwn  no  Imb  tlun  2,430  diviooiu,  uvi  thftt  without  stninitig  wther  source  of 


WSDIfESDAr.  SEPTSMBER  13. 

The  foUowin^  Papers  and  Beport  were  read  t-~ 

1.  The  Sense  of  Effort  and  the  Perception  of  Force. 
By  Professor  0.  J.  Stosks,  M.A. 

According  to  the  most  generallj  ac<!ept«d  -riew  the  idea  of  force  is  obtained 
from  the  miucular  sense.  It  has  also  been  attributed  to  touch.  Tlia  most 
important  question  is  whether  the  perception  is  connected  with  the  motor  oc 
aeoKoj  narres.  If  the  latter  view  be  adopted,  it  has  been  thought  that  thia  aenaa- 
tion  can  reveal  nothinfr  of  tbe  nature  of  the  abjective  cause.  As  recent  inveetiga- 
tiou  seems  to  compel  uie  adoption  of  the  latter  view,  the  objective  character  of  the 
perception  can  only  be  saved  if  we  admit  the  presence  of  an  objective  character  ia 
all  sensation.  If  Wundt's  theory  of  the  original  functional  indifference  of  tbs 
nervM  be  accepted,  we  may  jet  he  enabled  to  remove  the  difficulties  in  thewsj  of 
admitting  such  an  objective  cbsracter.  The  trje  difference  between  the  peronttion 
of  force  and  otlier  sensations  will  then  lie,  not  in  the  process  bj  which  the  pneuo- 
menon  is  appiefaendsd,  but  in  the  natore  of  the  phenomenon  apprehended.  "Ws 
may  thua  bave  an  apprehension  of  an  objective  external  reality — the  same  reality 
which  tmderliee  the  phenomena  of  dynamics.  The  principle  of  Least  Actim 
may  perhaps  explain  the  directive  character  of  vital  and  voluntary  procasaea. 


3.  On  IrUerpolalion  in  Memory} 
By  Professor  MjlRcdb  Uabtog,  M.A.,  D.Se. 

Uany  educational  i^llabiisea  that  profess  to  rest  on  a  psychological  base  aasmnc 
that  the  only  niidanca  for  action  is  a  sensation  which  bos  been  memorised  by 
frequent  repetitioD.  The  mind,  however,  seems  to  have  the  power  of  classi^ing 
the  memories  of  each  category  apart  and  in  order  of  magnitude  and  direction, 
COmpletJDg  the  records  of  siogle  memories  with  what  may  be  compared  with  an 
interpolatiou-cnrve,  and  even  extrapolating  on  either  side;  so  that,  if  a  suitable 
response  have  been  learned  to  a  limited  number  of  sensations,  a  new  sensation  of 
the  same  category  will  produce  a  new  appropriate  response.  This  capacity  for  ia< 
terpolating  has  been  long  m:ogniaed  in  various  arts,  and  is  known  as  '  faculty,' 
'  feeling,'  Se.  It  lias  not,  however,  been  deflnitelj  recognised  by  the  psycholc^ist, 
who  baa  asked  whether  the  cotuciout  memoir  and  judpnent  can  construct  tntei^ 
mediate  sensations  between  those  be  has  leamea  from  experience,  rither  than 
whether  there  ia  a  power  in  virtue  of  which  it  can  recc^nise  the  appropriate  poutiou 
of  new  sensations,  or  appropriately  act  on  the  BtiminuB  of  new  sensations  when 
they  occur. 

Smilarly  with  combinations  of  intermediate  sensations,  the  mind  can  simolta- 
neously  act  on  tbem  and  execute  the  combined  appropriate  reeponse  in  much  the 
aame  way  as  the  pencil  of  a  tide-predicting  machine  is  aimultAneously  acted  upsn 
by  the  independent  wheels.  This  is  shown  by  the  now  received  fact  (finally  proved 
by  Richet)  that  each  mental  set  takes  about  the  tenth  of  a  second,  and  any  act  of 
conscious  (sit  veiiia  verba)  combination  and  judgment  is  usually  out  of  the  queation 
from  a  lack  of  adequate  time. 

Illustrations  of  these  views  were  quoted  from  the  domains  of  housekeeping,  the 
plastic  arts,  cards,  billiards,  and  language.  It  was  urged  that  d  priori  methods  of 
luatmction  l»sed  on  incomplete  premises  must  be  regarded  with  extreme  cautioik 
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3.  The  D^emive  Earthtoorks  of  Yorkshire.    By  Mrs.  Abuitaoe. 

The  audior  describes  the  Tarioos  tTpes  of  earthwoTki  in  Yorksbiie — Romui 
camps,  hill  forts,  and  iMundar;  earthworks — and  givm  a  summary  of  the  lesnlts 
of  recent  Tesearchea  regarding-  these  three  classes  of  earthworks. 

A  fonrth  class  Tery  frequent  in  Yorkshire  is  the  moated  hUlock,  with  moated 
court  attached.  It  has  been  assigned  in  turn  to  the  Britons,  Somaus,  Saxons,  and 
Danes.  Ilie  author  cri'veB  reasons  whj  none  of  tliese  views  is  probable,  and  shows 
the  erroneousoese  of  uie  theorf  of  Mr.  G.T.  Olark,  now  so  widely  accepted,  that  the 
Anglo-Saxon  AurA  was  a  hillock  of  this  kind,  its  meoninK  in  Anglo-Saxon  literature 
being  clearly  a/or(yW  (own.  The  author  produces  the  following  aigumenU  for 
the  Norman  origin  of  these  hillocks  (callea  by  the  Normsns  motUt) :  (a)  Ilia 
Nonnsns  are  known  to  have  built  such  earthworks  in  Normandy  and  Ireland, 
and  ore  represented  in  the  Bayeux  tapestry  as  throwing  up  a  similar  woik  at 
Hasdngs ;  (d)  the  type  belongs  to  the  age  of  feudalism,  and  answers  to  the  needs 
of  the  Normans  in  the  United  Kingdom ;  (y)  ihe  Norman  cAstlea  mentioned  by  the 
contemporary  chroniclers  or  by  Domesday  Book  as  constructed  by  the  Conqueror 
or  his  followers  haye  nearly  oU  of  them  mottet. 

The  evolution  of  the  Oostle,  the  personal  fortification  of  the  feudal  chieftun, 
accompanied  the  evolution  of  society  from  the  tribal  to  the  feudal  type. 


4.  On  the  Prehitloric  Antiquities  of  Rumbal^i  Moor. 
By  Butler  "Wood, 

5.  On  the  Occurrence  of  Mini  Implements  of  Paiaolithic  Type  on  an  old 
Land-surface  in  Oxfordshire,  near  Wolvertote  and  Pear  Tree  BUI, 
together  with  a  few  Implements  of  various  Plateau  Types.  By  A.  M. 
Bbll,  Jf.J. 

At  WolTSTcote,  near  Oxford,  there  is  a  large  section  of  a  quitemary  rive>gniTel 
which  has  produced  the  usual  fauna,  Elepnas  piimigenius  &c.,  and  many  fine 
implements  of  human  workmanship.  This  gravel  cats  into  and  is  consequently 
newer  than  a  previous  lond-surfoee.  A  portion  of  this  surface  is  found  at 
Wolvercote  and  another  portion  at  Fear  Tree  Hill,  about  half  a  mile  distant. 
In  both  places  fliot  implements  of  palteolithic  type,  together  with  bulbed  flakes 
and  a  few  implemente  of  plateau  type,  have  been  found.  In  every  esse  the  fiinta 
are  ochreous,  which  distinguishes  them  from  those  which  belong  to  the  river- 
gravel  at  Wolvercote. 

The  older  surface  has  been  previously  described  as  Northern  Drift.     It  is  sup- 

Csed  by  the  sutbor  to  be  a  remamtment  of  the  true  Northern  Drift,  but  to  have 
9n  deposited  under  semi-frozen  conditions.  It  must  be  anterior  to  the  river- 
volley,  and  consequently  its  relics  of  man  are  the  oldest  as  yet  obtained  &om  the 
Thames  Valley. 

The  drift  in  question  most  resembles  the  drifts  of  Caddington,  described  bj 
Mr,  Q.  Worthington  Smith,  and  some  sections  of  the  Lower  Qreensand  near 
Limpsfield.  Both  of  these  drifts  are  implementiferous,  and  the  author  would 
correlate  the  Wolvercota  and  Fear  Tree  HiU  surface  with  thwe  drifts. 


6.  On  Oie  Physical  Charaeterislice  cftke  Population  of  Aberdeenshire. 
By  J.  Ghat,  B.Sc.,  and  J.  F.  ToceiE,  F.I.C, 

These  observations  were  taken  at  the  Lonach  gathenng  in  Strathdon,  a  district 
lying  right  at  the  head  of  the  valley  of  the  Don,  The  district  is  comparatively 
isolated,  the  nearest  railway  station  being  over  twelve  miles  distant. 

Our  principal  olgect  was  to  ascertain  what  difference  if  any  existed  between 
the  people  in  the  upper  ends  of  the  river  volleys  and  the  people  on  the  eastern  ee^ 
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boud,  the  tnthrapolopcal  sUtdstics  of  wluch  Iikve  been  recently  aacertAined.  His 
foUoffing  results  show  that  a  very  considerable  diFerence  exists ;  and  it  bong 
higblr  probible  that  a  more  prhuitiTe  Btrattun  of  the  population  is  always  to  be 
found  in  the  upper  ends  of  river  valleys,  the  results  are  of  ^reat  interest  from  tUa 
point  nf  view. 

The  pigmentation  and  noee  statistics  of  the  whok  of  the  people  attending'  the 
gathering,  namely,  S61  males  and  343  femaJee,  were  taken  at  the  gate  by  two 
observere.  Later  on  the  same  atatiatics,  with  the  addition  of  measurements  of  the 
head  and  of  stature,  were  talceii  in  a  lent  in  the  grounds,  about  nine^  adult  malw, 
natdves  of  the  distfict,  being  measured.  The  people  observed  at  the  gate  ooatained 
a  small  percentage  of  visitors  from  a  distance,  which  may  account  for  liie  d" 
in  the  results  obtainsd  at  the  gate  and  in  the  tent. 
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An  examination  of  the  above  table  shons  that  on  the  averaffa  the  hair  is  much 
darker  in  West  than  in  East  Aberdeenshire ;  a  result  which  mi^t  be  aocouuted  for 

by  the  presence  of  a  larger  percentage  of  the  North  G^ennan  blonde  type  on  theeoat 
coast.  The  eyes,  however,  are  lighter  in  the  west  than  in  tlie  east;  an  anomaloiiB 
reeult  whirb  is  not  so  easily  expUined- 

Tlie  following  table  gives  an  analyBis  of  the  measurements  of  the  ninety  adolt 
males  taJien  in  the  tent  and  their  correlations,  wiih  pigmentation  and  typee  tk 
noses,  corresponding  results  obtuned  ftam  the  rural  population  of  £.  Aberaeen- 
shlre  (Mintlaw  gatherii^)  being  given  for  the  sake  of  comparison. 
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In  the  Iiead-breadth  &equ«iicy  corre  of  the  population  of  E.  AbeFdeenahiie  wa 
fbund  two  wdl-m&rked  peua  at  ISO  mm.  and  156  mm.,  and  two  leaser  peaks  at 
14Smm.  and  160  mm.  TakiDe:  these  lireadthg  aa  centres,  we  have  dinded  the 
people  into  four  groups,  the  limiting  breadtha  being  marked  opposite  each  group  in 
the  above  table. 

The  general  averages  given  in  the  table  sbow  that  lu  W.  Aberdeenshire  tho 
people  haTe  broader  and  longer  heads :  thejr  are  taller  hj  )  inch,  the;  are  darker  in 
hait  and  lighter  in  eyes,  and  the  j  have  rather  higher  percentages  of  Roman,  war;, 
and  concare  nosee  than  in  E.  Aberdeenshire. 

The  first  colunui  in  the  table  shows  approximately  the  percentage  which  each 
group  forms  of  the  population.  Oroup  I.  is  much  better  represented  in  the  west 
than  in  the  eB8t,  bdng  60  per  cent,  of  the  population  in  the  former  case  and  only  14 
per  cent,  in  the  latter  case.  The  average  oreadths  and  lengths  of  the  head  in  this 
group  come  out  almost  exactly  the  Bune  in  the  west  and  in  tho  east,  and  the 
stature  (6  feet  9Mnches),  which  ia  very  high  foranaTerafte,  differs  only  by  ^  inch  in 
the  two  places.  The  nigrescence,  which  is  calculated  by  a  formula  in  which  the  rela- 
tive value  and  percentage  of  all  the  colours  are  taken  into  account,'  shows  that  in  both 
(he  east  emd  the  west  this  group  is  darker  in  hair  and  lighter  in  eyes  than  the 
general  average  of  the  popidation.  It  is  evidently  the  presence  of  a  larger  per- 
centage of  this  group  in  the  west  which  accounts  for  its  superiority  in  pbyeique 
over  ute  east.  Oroup  II.  is  well  represented  in  both  east  and  weet.  Groups  UL 
and  IV.  are,  however,  almost  completely  absent  in  the  west,  the  total  numbers, 
eleven  and  two,  in  these  groups  in  the  west  being  so  small  as  to  mate  the  averages 
for  statore,  &e.,  given  in  the  table  unreliable. 

It  seems  reasonable  to  conclude  from  these  results  that,  in  Aberdeenshire,  at 
some  distant  date,  an  early,  tall,  brood-headed,  light-eyed  people  have  been  driven 
inland  by  later  imnugrauts,  who  were  shorter,  had  narrowerheada,  and  were  of  the 
blonde  type. 

A  frequency  curve  of  breadths  of  round  barrow  hends  shows  tliat  Groups  I. 
and  II.  were  well  represented  in  the  Bronie  age  in  the  British  Isles.  Groups  IIL 
and  IV.  have  the  breadtbsof  bug  barrow  heads,  which,  however,  are  much  longer 
(208  mm.  on  the  average).  The  Rowgrave  heads  of  N.  Germany,  whose  average 
length  is  given  as  about  200nim,,  come  much  nearer  to  Group  III.;  and  as  these 
probably  represent  the  aboriginal  blonde  race  of  N.  Germany,  it  is  reasonable  to 
assume  that  our  Group  III.  represpnts  blonde  immigrants  from  N.  Germany,  who 
when  they  arrived  in  Aberdeenshire  found  the  country  in  possession  of  a  tall,  broad- 
headed, dark-haired,  blue-eyed  people,  the  descendants  of  the  men  of  the  Bronze  age. 
The  resemblance  of  Group  I.  to  Deolker's  Adriatic  type  is  significant  when  taken 
in  conjunction  with  the  fact  that  bronze  first  came  into  the  British  Isles  from  S.E. 
Europe. 

7,  Report  on  the  Age  of  Stone  Circlet. — See  Reports,  p.  461. 
'  See  Jeura,  Anthropologieal  InttUnte,  1900. 
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Sbctios  K.— botany. 
Pbesidbxt  op  the  SBCTiojf— Professor  Sydmbi  H.  Vises,  M.A.,  D.Sc.,  F.RS. 


TSURSDAT,  SEPTEMBER  6. 


ThbKS  has  been  conBidersble  difference  of  opinion  u  to  whether  the  present  jeu 
marks  the  close  of  the  nineteenth  or  the  beginning  of  the  twentieth  centarj.  But 
whatever  mnj  he  the  right  or  the  wrong  of  this  vexed  queetion,  the  fkct  that 
the  yeftr-date  now  begins  with  19,  instead  of  with  18,  BU^este  the  sppropriite- 
nSBB  of  devoting  an  occasion  such  as  the  present  to  a  review  of  the  cecturj  which 
has  closed,  as  some  will  have  it,  or,  in  the  opinion  of  others,  is  about  to  doae.  I 
therefore  propose  to  address  you  upon  thapro)(rBSB  of  Botan;  during  the  ninetsenth 
centDiy. 

I  am  fully  conscious  of  the  magnitude  of  the  task  which  1  am  underUkinj, 
more  ojpeciidiv  in  its  relation  to  the  limits  of  time  and  space  at  my  dispoaal.  ki 
eventful  has  the  period  been  that  lo  give  io  any  detaiJ  an  account  of  what  has 
been  accomplished  during  the  last  hundred  ^eara  would  mean  to  write  the  laijfer 
half  of  tlie  entire  history  of  Botany.  This  being  so,  it  might  appear  almoat 
hopeless  to  attempt  to  deu  with  eo  large  a  subject  in  a  Preaidential  AddTCfla.  But 
I  trust  that  the  very  restrictions  under  which  I  labour  may  prove  to  be  ratber 
advantageous  than  otherwise,  inasmuch  as  they  compel  me  to  confine  attention 
to  what  is  of  primary  importance,  and  thus  to  give  special  prominence  to  the  main 
lines  along  wMch  the  development  of  the  science  has  procesded. 

Statiatica. 

We  may  well  begin  with  wliat  is,  after  all,  the  most  fundamental  matter,  viz., 
the  relative  numbers  of  known  species  of  plants  at  the  beginning  and  at  the  end  of 
the  century.  It  might  appear  that  the  statisticA  of  plants  was  a  subject  susceptible 
of  very  umple  treatment,  but  unfortunately  this  ia  not  the  case.  It  must  be 
remembered  that  a  'species'  is  not  an  invariable  standard  unit,  like  a  pound 
or  a  pint,  but  tliat  it  is  an  idea  depen'^cnt  upon  the  subjectivity  of  individual 
botanists.  t'oT  in-ttance,  one  botunist  may  re>fard  a  certain  number  of  simiJii 
plants  as  all  belonging  to  a  single  upeciee,  whilst  another  may  End  the  differences 
among  them  such  as  to  warrant  the  distinction  of  as  many  species  as  there  an 
plants.  It  is  thid  inevitable  variation  in  the  astimatiou  of  speci&c  characters  which 
readers  it  dilBcult  to  deal  sacisfactorily  with  plants  from  the  statistical  point  of 
view.  However,  the  following  figures  mny  he  regarded  as  giving  a  fair  idek  of 
the  increase  in  the  number  of '  good '  species  of  living  plants. 

It  ia  generally  stated  that  about  10,000  species  of  plants  were  known  to 
Linnteua  in  the  latter  half  of  the  eighteenth  century,  of  which  about  one-tenth 
were  Cryptogams ;  but  so  rapid  was  the  progress  in  tlia  study  of'oew  plants  at 
that  time  that  the  first  enumeration  of  plants  published  in  the  nineteenth  centnTyi 
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the  'Synopda'  of  Persoaa  (1807), included  at  mtaj  u  20,000  apMiM  of  PhaneroganiB 
•lone.  Turning'  now  to  thu  end  of  the  centurj,  we  arrive  at  the  followinK  cencua, 
for  which  I  aoi  indebted  maiuly  to  IVofeasor  Ssccardo  (189J}  &nd  to  Profenor 
de  Toni  who  has  kindly  given  me  special  inlbrmBtion  u  lo  tbe  AlgK : — 

Specia  of  FhaiierogaTni  indicated  in  Beniham  and  Sooktr't  '  Genera 
Plantarutn '  {Ihirand,  •  I>ide.ir,'  1888). 

Dicotyledon 78,200 

Uonocotytedoos 19.600 

Oyomospernis 3,420 

Tw;220 

Estimated  sobseqaetit  additions  (Saccardo)        .       .      fi.Oll 

Total  Phanerogams        .       .  106,231 

S^eeiet  of  Pteridophyta  (indicated  in  Soaker  and  Saker't 
Baker's  '  Nem  Ferns '  and  '  t'ern  Alliet '). 
Filiciuie  (including  Isoetes),  nbout 

LvcopodiDS,  about 

Eqalsetinse,  aboab 


Total  Pteridophyta       .       .      3,*e2 

Speciti  of  Bryophyta  {Saecardo't  Ettimate). 

Mnsci 4.600 

Hepatic* 8.0« 

Total  Bryopbyta    .  .  7,860 

Speeia  of  Tkaltophyta. 

Fungi  (iocIudiDg  Bacteria)  (Saccardo)                       .  3V,663 

Lichen*  (Saccardo) S,600 

AlgiE  (incl.  6,U00  Diatoms)  (de  Ton!)  ....  14.000 

Total  Thallophyta .         .        .  69.263 

Adding  these  totals  together — 

Phauerogams 106,231 

Pteridophyta 3,462 

Bryophyta 7,6/10 

ThoUophyta S9.263 

we  have  a  grand  total  of 176.598 

as  the  approximate  number  of  recogoised  species  of  living  plants. 

These  ligures  are  eutticiently  accurate  to  ahow  how  vast  hare  been  the  additiona 
to  the  knowledge  of  plants  in  the  period  under  consideration,  and  they  afford  much 
{bod  for  thought,  la  the  first  place,  they  indicate  how  cloeelv  connected  has  been 
the  growth  of  this  branch  of  Botany  with  the  exploration  and  opening  up  of  new 
couutriee  which  has  been  so  characteristic  a  feature  of  the  century.  Again,  no  one 
can  consider  these  figures  without  beiog  struck  by  the  dvtparity  in  the  numbers  of 
species  included  in  the  different  n'oupe ;  a  most  intareating  topic,  which  cannot, 
however,  be  entered  upon  here.  It  must  suffice  to  point  out  in  a  general  way  that 
the  sm^ler  groups  represent  families  of  plants  which  attained  their  numerical 
lenith  in  long  paat  geological  periods,  and  are  now  decadent,  whikt  the  exiBtinz 
flora  of  the  world  t«  characterised  by  the  preponderating  Angioepenu  ind  Fnngi. 


C^.t^oglc 
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We  may  Tentnre  to  cut  a  forward  glance  upon  the  ponibla  futura  develop- 
mont  of  the  knowled^  of  speciea.  VarioDS  partial  eatimatea  have  been  made  as 
to  the  probable  number  of  exiatiag  apedes  of  this  or  that  groap,  but  the  odIj  oom- 
preheniive  eetimate  with  which  I  am  acquainted  ia  that  of  Profeasor  Saccat^ 
(189S).  He  begins  with  a  aomewhet  startling  calculation  to  the  effect  that  then 
are  at  least  2GO,000  eiisticg  species  of  Fungi  alone,  and  be  (roes  on  to  au^^reat  that 
probablj  the  number  of  speciea  belonging  to  the  v arioue  other  groape  woold 
amount  to  160,000;  heace  the  total  number  of  epecies  nowliTingiatobeeatimated 
at  over  400,U(X).  On  the  basis  of  this  eatimate  it  appears  that  we  have  not  yet 
made  the  acquaintance  of  half  the  contemporarj  apeciesj  eo  that  there  remains 
plenty  of  occopation  for  ayatematic  nod  descriptive  botanists,  especially  in  the  de- 
partment of  Fungology.  It  is  also  rather  alarming,  in  view  of  the  pradatory 
inatincteof  somany  of  theFangi,  tolaam  that  they  constitnteao  decided  a  majority 
of  the  whole  vegetable  kingdom. 

In  spite  of  the  great  iQcrease  in  the  number  o  F  known  epeciee.  It  cannot  be  nid 
that  any  essentially  new  type  of  plant  has  been  discovered  during  the  century.  So 
far  as  the  bounds  of  the  vegetable  kingdom  have  been  extended  at  all,  it  has  been 


by  the  annexation  of  groups  hitherto  regarded  as  within  the  epher 
the  zoologists.  The  most  notable  instance  of  this  has  occurred  in  the  case  of  die 
Bacteria,  or  3chizomycetea,  as  Naegeli  termed  them.  These  organiama,  diacovered 
hy  Leeuwenhoek  SCO  years  ago,  had  always  been  regarded  as  infusorian  animala 
until,  in  1863,  Oohn  recognised  their  v^^table  nature  and  their  afEoity  with  the 
Fungi  These  plants  have  acquired  special  importance,  partly  on  account  of  the 
controversy  which  arose  as  to  their  supposed  spontaneoos  generation,  but  mote 
especially  on  account  of  their  remarkable  zymogenic  and  pathogenic  propertiee,  eo 
that  Bacteriology  has  become  one  of  the  new  sciences  of  the  century. 

Claaa^cation. 

Having  gained  some  idea  of  the  number  of  species  which  have  been  reoogniaad 
and  described  daring  the  century,  the  next  point  for  consideration  is  the  progNas 
made  in  the  attempt  to  reduce  this  mass  of  material  to  such  order  that  it  can  be 
intelligeDtly  apprehended ;  in  a  word,  to  convert  a  mass  of  facte  into  a  science: 
'Filutn  anadneum  Botanices  est  aystema,  sine  quo  chaos  eat  Rea  Herbaria' 
(Linnnus). 

The  dassiflcation  of  plants  is  a  problem  which  haa  engaged  att«Dtion  from  the 
very  earlieet  times.  Without  attempting  to  enter  into  tne  history  of  the  matter, 
I  may  just  pcnnt  out  that,  speaking  generally,  all  the  earlier  systems  of  claaaifica- 
don  were  more  or  less  artificial,  the  subdivisions  being  based  upon  the  distinctive 
features  of  one  set  of  members  of  the  plant.  When  I  say  that  of  all  these  syetanu 
that  proposed  by  Linneens  (1735)  was  the  most  purely  artificial,  I  do  not  imply 
any  reproach  :  if  it  was  the  moat  artificial,  it  waa  at  the  same  time  the  most 
serviceable,  and  its  author  was  fully  aware  of  its  arti&dality.  Thia  system  is 
generally  regarded  as  his  most  remarkable  achievement;  but  the  really  great 
service  which  Linneeua  rendered  to  science  was  the  clear  distinction  which  he  for 
the  first  time  drew  between  systems  which  are  artificial  and  those  which  are 
natural.  Kecognising,  as  he  did,  his  inability  t^i  ^ame  at  that  period  a  satis&ctory 
natural  system,  he  also  realised  that  with  the  increasing  number  of  known  jilants 
some  more  ready  means  of  determining  them  was  on  absolute  necesdty,  and  it  waa 
for  thia  purpose  that  he  devised  his  artifidal  system,  not  as  an  end,  but  as  a  means. 
The  end  to  be  kept  in  view  waa  the  natural  classification :  '  Methodns  natmali* 
est  ultimus  flnia  Botsnicee' ia  his  clearly  expreeeed  position  in  the  ' Philosophia 


There  ia  a  certain  irony  in  the  fact  that  Ae  enthusiastic  acceptance  accoided 
to  his  artifidal  system  throughout  the  greater  part  of  Europe  contributed  to  post- 
pone the  realisation  of  Linnteua'a  cherished  hopee  with  regard  to  the  attainment  of 
a  natural  classification.  It  was  just  in  thoae  countries,  such  as  Germany  aod 
England,  where  the  Linnean  system  was  most  readily  adopted  that  the  develw- 
ment  of  the  natural  system  proceeded  most  slowly.  It  was  in  FVance,  whento* 
linnean  ayttem  never  secured  a  firm  hold,  that  the  quart  of  the  natural  ■7st«m  w« 
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panned ;  and  it  is  to  French  botanitti  mon  paiticnt«rly  that  our  preaent  oluu- 
llcMioii  ie  due.  It  nuty  be  tmced  from  its  first  befrinninga  with  Mupiol  in  1089, 
through  the  bolder  attempts  of  Adatuon  snd  of  Bernard  de  Juadeu  (17fi0),  to  the 
relatively  complete  methttd  propoimded  bj  Antoine  Laurent  de  JuAieu  in  his 
'  Qenent  Plantarura,'  just  100  years  later. 

The  nineteenth  ceDtnry  opened  with  the  struggle  for  predominance  betwMn 
the  Juseieau  and  the  Linnean  systems.  In  Englamd  the  fbrmeisooDobtuued  coi»- 
ndetable  support,  notably  that  of  Bohert  Brown,  whose  '  Frodiomas  Floree  Novn 
Hollandie,'  published  in  1810,  seems  to  have  been  the  first  English  botanical  work 
in  which  the  natural  eyetem  wss  adopted ;  but  it  did  not  come  into  general  use  until 
it  had  been  populariaed  by  Lindley  in  the  thirties. 

Meantime  the  Jiissiean  system  had  been  extended  and  improved  by  Auguste 
Pyrame  de  Candolle  (18ia~24).  It  is  assentialljr  the  Candollean  classification 
which  is  now  most  generally  in  use,  and  it  has  tieen  immortalised  by  ita  adoption  in 
Buitham  and  Hooker's  '  Oenera  Flantarum,'  one  of  the  great  botanical  monn- 
menta  of  the  century.  In  Germany,  however,  it  has  been  widely  departed  from, 
the  system  there  in  vogue  bdng  based  upon  Brongniart's  modiflcalJon  (l8S8,  1860) 
of  da  Candolle's  method  as  eUborated  eucmssively  by  Alex.  Brann  (1S64),  EicUer 
(1876-83),  and  Professor  Engler  (1886,  1888).  it  must  be  admitted  that  for 
the  Jaet  fifty  years  the  further  evolntion  of  the  natural  system,  at  any  rate  so  far 
as  Phanerogams  are  concerned,  has  been  confined  to  Germany. 

One  of  the  more  important  advances  in  the  claauflcation  of  Phanerogams  was 
hoasd  span  Robert  Brown's  discovery  in  1827  of  the  gymnoapermous  nature  of  the 
ovale  in  Conifers  and  Cycads,  wliicb  led  &annuart  (1838)  to  distinguish  these 
planU  as  '  Phan^rogomee  gymnospermes ; '  and  although  the  systemstio  powtion  of 
tlieae  plants  has  nnce  then  been  the  sabjoct  of  much  discussion,  the  recognition 
of  Uia  ciynmospermts  as  n  distinct  group  of  archsic  Phanerogams  is  now  definitely 


Moreover,  the  greatly  increased  knowledge  of  the  Cryptogams  has  involved  a 
oonaidersble  reconatmction  in  the  clsMtfication  of  that  great  snVkingdom.  One  of 
the  moat  atiildng  discoveriee  is  that  first  definitely  announced  by  Scb  wendener  ^1869) 
omtceraing  Lichens,  to  the  effect  that  the  body  of  a  Lichen  consists  of  two  distinct 
orgvusms,  an  Alga  aod  a  Fungus,  living  in  symbioiisi  a  discovery  which  wss  so 
nearly  made  by  other  contemporary  botanists,  auch  as  de  Ban,  Berkeley,  and 
Sachs,  and  which  can  be  traced  back  to  Haller  and  Qteditsch  m  the  eighteenth 
ceotniy. 

But  the  discoTsriea  which  most  affected  the  clasoflcation  of  the  Cryptogams  are 
those  relating  to  their  reproduction.  Whilst  it  had  been  rect^nised,  almoat  tram 
time  immemorial,  that  Phanerogams  reproduce  BesuaJly,  sexuality  was  denied  to 
CrjTitogams  nntil  the  obeervatiotis  on  Liverworts  and  Mosses  W  Schmidel  and  by 
Bedwig  (of  whom  it  was  said  that  he  was  bom  to  banish  Cryptogamy)  in  the 
Mghteenth  century ;  andevenftelateaa  1828  we  fin  dBrongniartclassifjing  the  Fungi 
and  Aim  together  as '  Agames.'  But  in  the  middle  thirdof  the  nineteenth  century, 
by  the  laboure  of  such  men  as  Thuret,  Pringsheim,  Cohn,  Hofincsater,  NsMeli,  and 
de  Boiy,  the  aeiuality  of  all  clsMes  of  Cryptt^ms  waa  dearly  established.  It  is 
worthy  of  note  that,  although  the  sexuality  of  the  Phanerogams  had  been  accepted 
for  centuries,  yet  the  details  of  sexual  reproduction  were  first  investigated  in  Crrpto- 
gtmt.  For  it  was  not  until  1823  that  Amici  discovered  the  pollen-tube,  and  it  was 
mora  than  twenty  years  later  (1846)  before  he  completed  his  disoovei^  by  oseer- 
taiiuDgthe  tmeoignifieaneeof  the  pollen-tube  in  relation  to  the  development  of  the 
embryo;  whilst  it  remained  for  Stfasburger  to  observe,  thirty  years  later,  the  actual 
process  of  fertilisation. 

The  discovery  of  the  reproductive  proeearaa  in  Cryptogama  not  only  facilitatei 
a  natural  closaification  of  them,  but  bad  the  further  very  important  efiect  of  throW' 


ing  light  upon  their  relation  to  Phanert^ama,   Perbopa  the  moat  striking  botanical 
a«£ievement  of  the  nineteenth  century  has  been  the  demonstration  by  Hofmeister's 

"  '  '       ■"" "'  in...  ire  not  separated, 

'  Cryptogams  and 
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unrivalled  researches  (1861)  that  Phanensams  and  Oryptt^oms  are  not  separated, 
as  was  formerly  held,  by  an  impassable  giUF,  but  that  Uie  highCT  Cryptogams  and 
the  lower  Phanerogams  ate  connected  by  many  common  featuiee. 
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TbedeTelopmeiit  of  the  natural  clagsificatjoii,  of  which  anftccotint  haenowbeMi 
giren,  proceeded  for  tbe  most  port  on  the  assumption  of  the  immutabilitj  of  specks. 
AeLumnusez^reBseditinbis'FumUmentaiBotaiiica,'' species  tot  Bumeismiu,  qnot 
diverem  formn  in  principio  sunt  creatn.'  It  ie  difficult  to  uiidentand  how,  with  the 
point  of  view,  the  idea  ofaf&nitj  betireen  Hpecieacould  have  arisen  at  oU;  and  jet 
the  establishment  of  genera  and  tbe  attempts  at  n  natural  sjstem  proxe  that  the 
idea  was  operatiTe.  1  be  oature  of  the  prevalent  conception  of  affinitj  is  well  con- 
Te;^ed  hj  LinnEBus's  apliorism,  '  AJBnes  co&Teniunt  habitu,  naacendi  modo,  proprie- 
tAtibiu,  Tiribua,  usu.' 


Sut  a  conviction  had  been  graduaUj- growing  that  the  assumed  fixity  of  epeciea 
was  not  welt  founded,  and  that,  on  the  contrarj,  species  are  descended  from  pie- 
esistent  species.  Thia  view  found  clear  expression  in  Lamarck's  '  Philosophia  Zoo- 
lOf^ue,'  published  earl;  in  the  ceutury  (1809),  but  it  did  not  strongly  atTect  public 
opimon  until  af)«r  the  publication  ofDarwia's'Originof  Species 'in  1859.  Regaided 
from  this  point  of  view  the  problems  of  classification  have  assumed  an  altogether 
different  aspect.  Affinity  no  longer  means  mere  similarity,  but  blood-relationship 
depending  upon  common  descent.  We  no  longer  seek  a  '  system '  of  clasmfiGation ; 
we  endeavour  to  determine  the  mutual  relations  of  plants.  The  eSecC  ofthischange 
has  been  to  stimulate  the  investigation  of  plants  in  all  their  parts  and  in  all  stages 
of  theii  life,  so  as  to  attain  that  complete  knowledge  of  them  without  which  t£at 
affinitiea  cannot  be  accurately  estimated.  If  the  dassification  of  Giyptogama  ia,  at 
the  present  moment,  in  a  more  satisfactory  position  than  that  of  Phanen)g;amB,  itia 
just  beoaase  the  etud_y  of  the  former  group  has  been,  for  various  reasona,  mora 
thoroD^  and  more  miuate  than  that  of  the  tatter. 

Palaophj/lologi/. 

The  stimulating  inBuence  of  the  new  doctrine  was  not,  however,  confined  to  tha 
investigation  of  existing  plants  j  it  also  gave  a  remarkable  impulse  to  the  study  of 
foBsil  plants,  inasmuch  as  the  theory  of  descent  involves  the  quest  of  the  ancestrav 
of  the  forms  that  we  now  have  around  us.  Marvellous  progress  has  been  made  in 
this  direction  during  the  nineteenth  century,  by  the  labours  more  especially  of 
Brongniart,  Goeppert,  Ungsr,  Schimper,  Schenck,  Saports,  Solms-I^nbach, 
Renault,  on  the  Ckaitinent,and  in  our  own  country  of  Lindlsy  and  Ilutton,  Hooker, 
Carruthera,  and  more  especially  of  Williamson.  So  far-reaching  are  the  nenlts 
obtained  that  I  can  only  attempt  the  barest  summary  of  tbem.  I  may  perhaps 
beet  begin  by  saying  that  only  a  small  proportion  of  existing  species  have  been 
found  m  tbe  fossil  state.  In  illustration  I  may  adduce  tbe  statement  made  by 
Mr.  Clement  Reid  in  his  recent  work,  '  The  Origin  of  the  British  Flota,'  that 
only  270  species,  that  is,  about  one-sixth  of  tbe  total  number  of  British  vascular 
plants,  are  known  as  fossils.  Mahing  all  due  allowances  for  ihe  imperfection  of  the 
geolo^cal  record,  for  the  limited  aiee  investigated,  and  for  tbe  difficulty  of  deter- 
mination of  fragmentary  specimens,  it  may  be  stated  generally  that  tbe  number  of 
existing  spedea  has  been  fonnd  to  rapidly  diminish  in  the  floras  of  sucossuTely 
older  strata ;  none,  in  fact,  have  been  certainly  found  to  peraist  beyond  the  Tertiaij 
period.  Certain  existieg  genera,  belonging  to  the  Gymnosperms  and  to  the  Pteii- 
dophy  ta,  have,  however,  been  traced  far  down  into  the  Mesoioic  period.  Similarly, 
the  distribution  in  time  of  existing  natural  orders  does  not  coindde  with  that  of 
existing  genera ;  thus  the  Ferns  of  the  Carboniferous  epoch  apparentiy  belong,  for 
the  most  part,  if  not  altogether,  to  the  order  Marattiacete,  but  they  ara  not  tdkr- 
able  to  any  of  the  existing  genera. 

Moreover,  altogether  new  families  of  fossil  plants  have  been  dlacovered:  auch 
are,  among  Gymnoepemns,  the  Cordaitaceee  and  the  Bennettitacese ;  among  Pten- 
dopbytn,  the  Calamariacete,  the  Lepidodendracete,  the  Spbenophyllaceffi,  and  the 
Cycadofilices.  It  is  of  interest  to  note  that  all  these  newly  discovered  families  can 
be  included  witbin  tbe  main  subdivisions  of  the  existing  Sara ;  in  fact,  no  foanl 
plants  have  been  found  which  suf^est  the  existence  in  tne  past  of  groups  ootaide 
the  limiu  of  our  Phanerogamia,  Pboidonhyta,  Bryophyta,  and  ThaUophyta. 

It  cannot  be  said  that  the  atndy  of  Palaobotany  has  as  yet  made  dear  tha 
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ueeatry  ftnd  the  descent  of  our  ezuting  flois.  To  bc^in  with  the  angioapermoiu 
flowering  plants,  it  hu  been  oscertamed  that  they  mftke  their  flret  appeuance  in 
the  Cretaceous  epoch,  but  we  hare  no  clue  b«  to  their  origin.  The  relativelj  late 
appearance  of  Angiotpecnui  in  geological  time  auggeetstbaC  thejmust  have  apruiu^ 
from  an  older  group,  such  as  ibe  Ojmnospenits  or  the  Pteridopbjfa ;  but  there  is 
no  evidence  to  definitely  establish  either  of  these  possible  origins.  Then  as  to  the 
origin  of  the  Oymnosperms,  whilst  it  cannot  be  doubted  that  they  were  derived 
from  tbe  Fteridophyta,  the  existing  data  are  inauffident  to  enable  ns  to  trace 
their  pedigree.  The  most  ancient  family  of  Oymuoapermii,  the  Ckirdaitaces,  can 
be  traced  as  far  back  as  an;  known  Pt«ridoph;ta,  and  cannot,  therefore,  have  been 
derived  from  them  ;  but  the  fact  that  tbe  Ckirdaitacen  exhibit  certain  cycadean 
affinitiee,  and  tbe  discovery  of  the  Cycadofitices,  suggest  that  what  may  be  termed 
the  cycadean  phylum  of  Gymnocperms  (including  Uie  Cordaitacee,  Bennettitaces, 
Cyca^aceu,  and  peibape  tbe  Uinkgnaceie)  had  its  origin  in  a  filicineouB  anceetry, 
of  which,  it  must  be  admitMd,no  forme  have  as  yet  been  recognised. 

Turning  to  the  Pteridophyta,  the  origin  of  the  Ferns  is  still  quit*  unknown  : 
tbe  one  fact  which  seems  to  be  clear  is  that  the  eusporangiate  forms  (Marattiacen) 
are  more  primitive  than  the  lentosporRDgiete.  With  regard  to  the  Equieetin», 
ibe  Oalamariacem  were  no  doubt  tbe  aacestors  of  the  existing  and  of  the  fossil 
Equisetums.  Similarly,  in  the  Lycopodinffi,  the  paheoioic  Lepidodendracete  were 
the  forerunners  of  the  existing  Lvcopodiums  and  Selsginellas.  Tbe  discovery  of 
the  8phenophyllace»  seems  to  throw  some  furtier  light  upon  tbe  phjlogeny  of 
these  two  grouTO,  inasmuch  as  these  plants  possess  characters  which  indicate  affinity 
with  both  the  Equisetine  and  the  Lycopodinte,  thus  su^esting  the  poasibility  that 
they  may  have  sprung  from  the  same  ancestrot  stock. 

To  complete  the  geoli^eol  Burv^  of  the  v^table  kingdom  I  will  briefly 
allude  to  the  Bryophyta  and  tbe  Thalfophvta.  Owing  no  doubt  to  their  delicate 
texture,  the  records  of  these  plants  have  been  found  to  be  very  incomplete.  So 
much  is  this  the  case  with  the  Bryophyta  that  I  forbear  to  make  any  statement 
conceminff  them.  The  chief  point  of  interest  with  reftard  to  the'Fungi  is  that 
most  of  those  which  have  been  discovered  in  the  fossil  state  were  found  in  tbe 
tiBSnea  of  woody  plants  on  which  they  were  parasitic.  In  this  way  it  has  been 
possible  to  aaeertwn,  with  some  j»robabiUty,  the  existence  of  Bacteria  and  of 
mycelial  Fungi  in  the  Paleozoic  period.  Tbe  records  of  tbe  Algn  are  more  satis- 
factory :  thev  have  been  traced  fai  back  ioto  the  Palsoioic  age,  where  they  are 
represented  by  eiphonaceaas  forms  and  by  tbe  somewhat  obecare  plants  known  as 
Nerruztophi/cut  and  Fachythera. 

In  B  general  way  the  study  of  Paleobotany  baa  proved  the  development  of 
higher  from  lower  forms  in  the  successive  geolo^col  perioda.  Thus  the  Tertiary 
and  Quaternary  periods  are  characterised  by  the  predominance  of  Angioeperme, 
just  as  the  Mesoxoic  period  is  characterised  by  the  predominance  of  Gymno^ierms, 
and  the  FalKOzoie  by  tbe  predominance  of  Pteridophyta.  And  yet,  as  I  have  been 
pointing  out,  we  are  not  able  to  trace  the  ancestry  of  any  one  of  the  larger  groupa 
of  plants.  The  chief  reason  for  this  is  that  tbe  geological  record,  so  far  bb  it  is 
known,  has  been  found  to  break  off  with  such  surprising  abruptness  that  the  ear- 
liest, and  therefore  the  most  interesting,  chapters  in  the  evolution  of  plants  are 
closed  to  US.  After  the  wealth  of  plant-forms  in  the  Oarboniferons  epoch  there  is 
a  striking  falling-off  in  the  Devonian,  in  which,  however,  plants  of  high  organisa- 
tion, such  as  the  Cordaitaceae,  the  Colamariaees,  and  the  Lepidodendracen, 
still  occur.  In  the  Silurian  epoch  vascular  plants  are  but  sparingly  present 
— but  it  is  remarkable  that  any  such  highly  orgaoised  plants  should  be  found 
tbere — together  with  probable  Algce,  such  as  Sematophycta  and  Paekythtea.  The 
Cambrian  rocks  present  nothing  but  so-called  '  Fucoiup,'  such  as  Eop/a/ton,  &c., 
soma  of  which  may  be  Algte.  The  only  known  fosul  in  the  oldest  strata  of  all, 
the  Archsean,  is  the  much-discus*ed  £ozom  canadente,  probably  of  animal  origin  ; 
but  the  occurrence  here  of  lai^  deposits  of  graphite  eeems  to  indicate  the  exiatenee 
of  a  considerable  flora  which  has,  unfortunately,  become  quite  on  determinable. 
Thus,  whilst  there  is  some  evidence  that  the  primitive  plants  were  Algie,  there  is 
at  present  no  available  reconl  of  the  vtiious  stages  thniugh  which  the  Silurian  and 
Deronian  vascular  plnnta  were  evolred  from  them. 
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If  inquiry  be  msde  as  to  tbs  uuw  of  the  gnat  advance  in  the  recog^nitiaii  of 
tiie  true  affiuitiea  of  planU,  and  conaaqneotlj  in  tbeir  claaaiS cation,  which  diAtin- 
gnisbes  the  Dineteenth  cantuir,  I  would  refer  it  to  the  progress  made  in  the  stud; 
of  moipholog;.  The  earlier  botaDista  reg-arded  all  the  various  parts  of  plants  as 
'  organs '  in  relation  to  their  supposed  function ;  hence  their  deacription  of  pUnts 
wa«  simply  '  organography.'  The  idea  of  regarding  the  parts  of  the  plaat-body, 
not  in  connection  vith  their  functions,  but  with  leference  to  tbeii-  development 
and  their  mutual  relatiotu,  seetas  to  hare  originated  with  Jung  in  the  sereatecDth 
century  (1687) :  it  wse  revived  by  0.  F.  Wolff  about  seventy  years  later  (1769), 
bat  it  did  not  materially  affect  the  study  of  plants  until  well  on  in  the  ninetasnth 
century,  after  Goethe  bad  repeatedly  written  on  the  aubject  and  had  derioed  (he 
term  '  morphology  '  to  designate  it.  For  a  time  this  somewhat  afaatraet  mode  of 
treatment  led  to  mere  theoriung  and  speculation,  so  much  so  that  the  yean 
1820-1840  will  always  be  sligntatiaed  as  the  period  of  the  '  Naturpbilosophie.' 
Butfbrtunately  this  time  of  barrenness  was  succeeded  by  a  veritable  renoHceiice. 
Robert  Brown  and  llenfrey  in  England ;  Brongniart,  St.  Eilaire,  and  Tulasne 
in  France ;  Mohl,  Schleiden,  Na^eli,  A.  Braun,  and,  above  all,  Hofmeister  in 
Oermany,  led  the  way  back  &om  the  pursuit  of  fantastic  witl-o'-the-wisps  to  the 
observation  of  actual  fact.  Instead  of  evolving  schemes  out  of  tbeir  own  iotemal 
eonaciouanesB  as  to  how  plants  ought  to  be  constructed,  they  endeavoured  to 
discover  by  the  study  of  development,  and  more  particularly  of  eml>ry^eny,  bow 
they  actually  are  constructed,  with  the  result  that  within  a  decade  Hofmeista 
discovered  the  alternation  of  generations  in  the  higher  plants ;  a  discovery  which 
must  ever  rank  as  one  of  the  moat  brilliant  triumphs  of  morphological  resMich. 

With  the  knowledge  thus  acquired  it  became  potsible  to  determine  tlie  tme 
relations  of  the  various  parts  of  the  plant-body;  to  distinguish  these  parts  as 
'  members '  rather  than  as  '  organs ; '  in  a  word,  to  establish  homologies  where 
hithsrto  only  analogies  bad  been  tnced — which  ifi  the  essential  difference  between 
morphology  and  organography. 

The  publication  of  tne  '  Origin  of  Species '  profoundly  affected  the  progress  of 
morphology,  as  of  all  bmnchee  of  biological  reaearch :  but  it  did  not  alter  it* 
trend ;  it  confirmed  and  extended  it.  We  are  not  satisfied  now  with  eatabliahing 
homologies,  bat  we  go  on  to  inquire  into  the  origin  and  phyli^eny  of  the  members 
of  the  body.  In  illustration  I  may  briuSy  r^er  to  two  problems  of  this  kind 
which  at  the  present  time  are  agitating  the  botsjiical  world.  The  fint  is  as  to 
the  origin  of  the  alternation  of  generations.  Did  it  come  about  by  the  modifica- 
tionof  the  sexual  generation  (gametopbyte)  into  an  asexual  (sporophyte) ;  or  is  the 
sporoph^e  a  new  formation  intercalated  into  the  life-history?  In  a  word,  is  the 
■Itematjon  of  generations  to  be  regarded  as  homologous  or  as  antithetic  f  I  am 
not  rash  enough  to  express  any  opuioc  on  this  controversy ;  nor  is  it  nacessaty 
that  I  should  do  so,  since  the  subject  has  twice  been  tlueehed  out  at  recent 
meetings  of  this  Section.  The  second  problem  is  as  to  the  origin  of  the  sporophylls, 
and,  indeed,  of  all  the  various  kinds  of  leaves  of  the  sporophyte  in  the  higher 
plants.  It  issuggeated,  on  the  one  hand,  that  the  sporophylls  of  the  Pteridophyta 
Lave  arisen  by  gradual  sterilisation  and  segmentation  from  an  unsegmented  and 
almost  wholly  reproductive  body,  represented  in  our  day  by  the  spotogonium 
of  the  Bryoph'yta ;  and  that  the  vegetative  leaves  have  been  derived  by  furthar 
■terilisation  fo)m  the  sporophylls.  On  the  other  hand,  it  is  urged  that  the 
vegetative  leaves  are  the  more  primitive,  and  that  the  sporophylls  have  beend«ived 
from  them,  It  will  be  at  once  observed  that  this  second  problem  is  intimately 
connected  with  the  first,  The  sterilisation  theory  of  the  origin  of  leaves  is  a 
necessaiT  consequence  of  the  antithetic  view  of  the  alternation  of  generations; 
whilst  the  derivation  of  Bporopbylis  from  foliage-leaves  is  similarly  associated  with 
the  homologous  view.  Here,  again,  exercising  a  wise  discretion,  I  will  only 
venture  to  egress  my  appreciation  of  the  important  work  which  has  been  done  in 
connection  with  this  controversy — work  that  will  be  e^nallf  valuable,  lAoterer 
the  isioe  may  eTentoally  be. 
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I  will  coDctude  mj  lemuks  on  morphologr  witli  a  few  illuatrationa  of  tha  aid 
wbich  the  ftdTance  in  this  departmant  du  ^ven  to  the  progreM  of  cluaificatioD. 
For  inatutce,  Linarans  dtvideH  plante  iota  Fhaneroguns  and  Crjptogams,  on  the 
fpnaiid  that  in  the  former  the  reproductive  oi^ns  and  processes  are  coneDicuou*, 
whenBS  in  the  latter  thej  are  ohscnra.  In  view  of  our  iocreased  hnowledga  of 
C^^togams  this  gronnd  of  distinction  is  no  longer  tenable ;  whilst  atiU  recog- 
nisiug  the  Taliditj  of  the  diviaioo,  our  reasons  for  doing  bo  aie  altogether  different. 
For  OS,  PhanerogamB  are  plants  which  produce  a  seed ;  Grfptogams  are  plmts 
which  do  not  prodiica  a  seed.  Again,  we  distingoish  the  Pteridophyla  and  the 
Bryophyta  from  the  Tlialloph;ta,  not  on  account  of  their  more  complex  etructore, 
but  munly  on  the  ground  tnat  the  alternation  of  generations  is  r^ular  in  the  two 
former  groups,  whilst  it  is  irregular  or  altogether  wanting  in  the  latter.  Similarly 
the  essential  distinction  between  the  Pteridophyta  and  the  Bryophyta  ia  that  in 
the  former  the  spomphyte,  in  the  latter  the  gametophyte,  is  the  preponderating 
fbrm.  It  has  enabled  us  further  to  correct  in  many  respects  the  elassilications  of 
onr  predecessors  by  altering  the  systemaiio  position  of  various  genera,  and  some- 
times of  larger  groups.  Thus  the  Cycadacem  have  been  removed  from  among  tba 
Monocotyledons,  and  the  Conifer»  from  among  the  Dicotyledons,  where 
de  Candolle  placed  them,  and  haye  been  united  with  the  Ghietaeen  into  the 
sub-class  Gymnospermn.  The  investigatioD  of  the  development  of  the  flower,  in 
which  Payer  led  tho  way,  and  the  elaboration  of  the  floral  diagram  which  we  owe 
to  Eichler,  have  done  much,  though  by  no  means  all,  to  determine  the  affinities  of 
doubtful  Angiosperms,  especially  among  those  previously  relegated  to  the  lumber- 
room  of  the  Apetalfi. 

Analomy  and  Histology. 

Pasung  now  to  the  consideration  of  the  progress  of  knowledp  concerning  the 
structure  of  plants,  the  most  important  result  to  be  chronicled  is  the  discovery  that 
the  plant-body  consists  of  living  substance  indistinguishable  from  that  of  which 
the  body  of  animals  is  compo^d.  The  earlier  anatomists,  whilst  recogniaing  the 
cellular  structure  of  plants,  had  confined  their  attention  to  the  examination  of  the 
ceU-walls,  and  descnbed  the  contents  as  a  watery  or  mucilaginous  sap,  without 
determining  where  or  what  was  the  seat  of  life.  In  1831  Robert  Brown  dis- 
covered the  nucleus  of  the  cell,  but  there  is  no  evidence  that  he  regarded  it  as 
living.  It  was  not  until  the  renascence  of  research  in  the  forties,  to  which  I  have 
already  alluded,  that  any  resl  progress  in  this  direction  was  made.  The  oell- 
contents  were  espeoally  studied  by  Naegeli  and  by  Mohl,  both  of  whom  recognised 
the  existence  of  a  viscous  substance  lining  the  wait  of  all  living  cells  as  a  '  mucous 
layer'  or  'primordial  utricle,'  but  difTering  chemically  from  the  eubstauce  of  the 
wall  by  being  nitrogenous;  this  they  regarded  as  the  living  part  of  the  cell,  and 
to  it  Mohl  (1846)  nve  the  name  '  protoplasm,'  which  it  still  bears.  The  full 
itigniflcanee  of  this  discovery  became  apparent  iu  a  somewhat  roundabout  way. 
Dwardin,  in  1836,  had  described  a  number  of  lowly  organisms,  which  he  termed 
InAiaoTia,  as  consistingof  a  living  substance,  which  he  called  'sarcode.'  Fifteen 
years  later,  in  nremarkable  paper  on  Protocoixut  pluviaUs,  Cohn  drew  attention  to 
the  similarity  in  properties  between  the  'sarcode '  of  the  Infusoria  and  the  living 
substance  of  this  plant,  and  arrived  at  the  brilliant  generalisation  that  the  '  proto- 
plasm' of  the  botanists  and  the  'sarcode'  of  the  zoologists  are  identical.  Thus 
arose  the  great  conception  of  the  eesential  unity  of  life  in  all  living  things,  which, 
tltanks  to  tbe  subsei^uent  labours  of  such  men  as  de  Bary,  Briicke,  and  Max 
Schultze,  in  the  first  uistance,  has  become  a  fundamental  canon  of  Biology. 

A  conspicuous  monument  of  this  period  of  activity  is  the  cell-theory  pro- 
pounded by  Schwann  in  1839.  Briefly  stated,  Schwann's  theory  was  that  all  living 
oodles  are  built  up  of  structural  units  which  are  tbe  cells:  each  cell  possesses  an 
independent  vitality,  so  that  nutrition  and  growth  are  referable,  not  to  tlie 
organism  as  a  whole,  but  to  the  individual  cells.  This  conception  of  the  stracture 
of  plants  was  accepted  for  many  years,  but  it  has  had  to  give  way  befuffe  the 
advance  of  anatomjeal  knowledge.    The  recognition  of  celMiTiuon  as  the  prooeea 
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liy  -which  the  cellg  are  mnltipliad — id  oppodtioD  to  the  SchletdeniBn  theorj  of  bee 
cell-foTm«tion— early  suggested  doubtB  as  to  the  propnet;  of  letrarding  the  h^j  m 
beinff  built  up  of  cella  us  a  wall  is  built  of  bricks.  XateT  the  minute  sludj  of  ihB 
Thalbphyta  raTealed  the  existence  of  a  number  of  plant?,  auch  as  the  MyxamjoBlie, 
the  phycomjcetous  Funiri.  and  the  siphonaceous  Algic,  some  of  them  hi^lj 
organised,  the  vegetative  body  of  which  does  not  consist  of  cells.  It  became  clear 
that  cellular  structure  is  not  eaaeotial  to  life ;  that  it  ma;  be  altogether  ahMDt  cs 
praMnt  in  Tarious  degree.  Thus  in  the  higher  plants  the  protoplasm  is  secmeDtal 
or  septated  bj  walla  into  uninucleate  units  or  'energids'  (Sachs),  and  eaai  idanit 
are  well  described  as  '  completely  septate.'  But  in  otbers,  such  as  the  higher  Fm^ 
and  certain  Algie  (e.g.,  Cladopiiira,  Sydrodictyon),  the  protoplasm  is  aeptated,  not 
into  energids,  but  into  groups  of  enei^da,  so  that  the  body  is  'incompletely 
septate.'  Finallj  there  are  the  Thallophyta  alread;  enumerated,  in  which  theie  la 
complete  continuity  of  the  protoplasm:  these  are  'utueptate.'  Moraovar,  even 
when  the  body  presents  the  most  complete  cellular  structure,  the  energids  are  tnt 
isolated,  but  are  connected  by  delicate  protoplasmic  fibrils  triTersing  the  inter- 
Tening  walls ;  a  fact  which  is  one  of  the  moat  striking  discoveries  in  the  depait- 
ment  of  histology.  This  waa  first  recognised  in  the  sieTe-tubes  by  Haitig  (1^) : 
then  by  Na^(eli  (1846)  in  the  tiasues  of  the  Florideffi.  After  a  long  period  of 
neglect  the  matter  was  taken  up  once  more  by  T&ngl  (1S80),  when  it  attracted  the 
attention  of  many  investigators,  as  the  result  of  whose  labouni,  especially  those  of 
Mr.  Gardiner,  the  general  and  perhaps  universal  continuity  of  the  protoplasm  in 
cellular  plants  has  been  established.  Hence  the  body  is  no  longer  r^fmied  as  an 
aggregate  of  cells,  but  as  a  more  or  less  aeptated  mass  of  protoplasm :  the  synthetic 
standpoint  of  Schwann  has  been  replaced  W  one  as  distiDctively  analytic. 

Time  does  not  permit  me  to  do  more  than  mention  the  important  discoreriM 


details  of  cytology,  and  especially  to  the  strunture  of  the  nucleus  and  the  iatricite 
dance  of  the  chromosomes  in  karyokinesis.  Indeed,  I  can  do  but  «cant  justice  la 
those  anatomical  discoveries  which  are  of  more  exclusively  botanical  interest  One 
important  generalisation  which  may  be  drawn  is  that  the  histological  difFerentia- 


tion  of  the  plant  proceeds,  not  in  the  protoplasm,  as  in  tbe  animal,  but  in  the  cell- 
wall.  It  is  remarkable,  on  the  one  hand,  how  similar  the  protoplasm  is,  not  onlv 
in  different  parts  of  the  same  body,  but  in  plants  of  widely  difierentafEuities;  and, 


n  the  other,  what  diversity  the  ceJl'Wall  oSers  in  tbickness,  chemical  c_  _, 
_iind  physical  properties.  In  ttudying  the  differentiation  of  the  cell-wall  the 
'botanist  has  received  Suable  aid  from  the  chemist,  Keeearch  in  this  diiectioo 
may,  in  fact,  be  said  to  have  begun  with  Payen's  fundamental  discovery  (ISH) 
that  the  characteristic  and  primary  cbemicai  constituent  of  the  cell-wall  is  the 
carbohydrate  which  he  t«rme<l  cellulose. 

The  amount  of  detailed  knowledge  as  to  the  anatomy  of  pluta  which  has  been 
accumulated  during  the  century  by  countless  workers,  among  whom  Mohl,  Naegeli, 
linger,  and  Sanio  deserve  special  mention  as  pioneers,  is  very  great — so  great, 
indeed,  that  it  seemed  as  if  it  must  remain  a  mere  maas  of  facts  in  the  abaeiice  of 
any  recognisable  general  principles  which  might  servo  to  marshal  the  facta  into  a 
science.  The  first  step  towards  a  morpholt^of  the  tissues  waa  Hansl^n'a  inveaci- 
gation  of  the  growing  point  of  the  Phanerogams  (1868),  nnd  bin  recognition  therein 
of  the  three  embryonic  titisue-systAms.  This  has  lately  been  further  developed  by 
the  promulgation  of  van  Tieghem's  theory  of  the  stele,  which  is  merely  the  logical 
outcome  of  Hanstein's  distinction  of  the  plerome.  It  has  thus  become  poeuble  to 
determine  the  homologies  of  the  tissue-systems  in  different  plants  and  to  organise 
the  facts  of  structure  ioto  a  scientifia  comparative  anatomy.  It  has  become  Bp]»- 
rent  that,  in  many  cases,  differences  of  structure  are  immediately  traceable  to  the 
influence  of  the  environment;  in  fact,  the  study  of  physiological  or  adaptive 
anatomy  is  now  a  large  and  important  branch  of  the  subject. 

The  study  of  Anatomy  has  contributed  in  some  degree  to  the  prt^ireaa  of 
Bvst«matic  BotAny.  It  is  true  that  some  of  the  more  ambitions  attempts  to  baw 
olassification  on  Anatomy  have  not  been  successful ;  sncb,  for  instance,  es  da 
Oaadolle'asubdiTiiionofPbanerogsraBintoEzf^auaDdEniiogeiu^ortbeBtibdinsioa 
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of  Camophjta  into  Acrobrya,  Ampbibna,  tmd  Acmupfaibrya,  proposed  bj  UBger 
and  Endlicoer.  8UU  it  eaniiot  be  denied  that  anatomical  charactera  have  been 
found  useful,  if  not  sbsolately  concludre,  in  aug^estinB  afimities,  eapeciallj  in  the 
determination  of  fomil  remaina.  A  large  proportion  of  oar  knowledge  of  extinct 
plants,  to  which  I  have  already  iJludod,  ib  based  solely  upon  the  anatomiMl 
itmcture  of  the  Tegetative  or^ns ;  and  although  offiQities  inferred  from  sueh 
endence  cannot  be  regarded  as  final,  thej  BufGce  for  a  proviaional  disaification 
until  they  are  conflrmed  or  disproved  by  the  discorery  and  investigation  of  the 
reproductive  organs, 

Fhytiology. 

The  last  branch  of  botaaienl  science  which  I  propose  to  pass  in  review  is  that 
of  physiology.  We  may  well  btgin  with  the  nutritive  processes.  At  the  close  of 
the  eighteenth  century  there  was  practically  no  coherent  theory  of  nutrition  ;  such 
as  it  was  it  amounted  to  little  more  than  the  conclusion  arrived  at  t^  van  Belmont 
a  century  and  a  half  earlier,  that  plants  require  only  water  for  their  food,  and  are 
able  to  form  from  it  all  the  different  conatituentg  of  their  bodies.  It  is  true  that  the 
important  discovery  had  been  made  and  pursued  by  Priastley  (1772),  Ingen-Bousz 
(1760),andS(Sndbier(1782)  that  green  plants  exposed  to  light  absorb  carbon  dioxide 
and  evolve  free  oxygen ;  but  this  gaseous  interchange  had  not  been  shown  to  be  the 
expression  of  a  nutritive  process.  At  the  opening  of  the  nineteenth  century  (1804) 
this  connection  was  established  by  de  SauBSure,  in  his  classical  '  Recherches 
Ohimiquee,'  who  demonstrated  that,  whilst  absorbing  carbon  diozido  and  evolving 
oxygen,  green  plants  g«in  in  dry  weight ;  and  he  further  contributed  to  the  eluci- 
dation of  the  problem  of  nutrition  by  showing  that,  whilst  assimilating  carbon 
dioxide,  green  plants  also  assimilate  the  hydrogen  and  oxygen  or  water. 

Three  questions  naturally  arose  in  connection  with  de  Sauasure's  statement  of 
the  case  :  What  is  the  nature  of  the  organic  substance  formed  P  What  is  Que 
function  of  the  chlorophyll  P  What  is  the  part  played  by  light  P  It  was  far  on  in 
the  ceutury  before  answers  ware  forthcoming. 

With  r^ard  to  the  first  of  these  questions  the  researches  of  BoussiDganlt 
(1804)  and'others  established  the  fact  that  the  volume  of  carbon  dioxide  abeorbed 
and  that  of  oxygen  evolved  in  connectioa  with  the  process  are  approximately  equal. 
Farther,  the  frequent  presence  of  starch  in  the  cbloroplastiils,  to  which  Mobl  first 
drew  attention  (1837),  was  subsequently  found  by  Satis  (1862)  to  be  closely  con- 
nected with  the  assimilation  of  carbon  dioxide.  The  conclusion  drawn  from  these 
facts  is  that  the  gain  in  dry  weight  accompanying  the  assimilation  of  carbon 
dioxide  is  due  to  the  formation,  in  the  first  instance,  or  organic  substance  having 
the  composition  of  a  carbohydrate ;  a  conclusion  which  may  be  expreosed  by  the 
equation 

CX>,  +  H,0-CH,0  +  0,. 

The  Questions  with  regard  to  chlorophyll  and  to  light  are  so  indmately  con- 
nected that  they  must  be  conudered  together.  The  first  step  towards  their 
solution  was  the  investigation  of  the  relative  activity  of  light  of  different  colours, 
oriirinally  uiidertaien  by  Sfiji^bier  (1782)  and  subsequently  repeated  by  Daubony 
(1^.)'>),  with  the  raault  that  red  and  orange  light  was  found  to  promote  assimila- 
tion in  a  hiirherdegreo  than  blue  or  violet  light.  Shortly  afterwards  Draper  (1843)f 
eiperiraf tiling  witli  an  actual  solar  spectrum,  concluded  that  the  most  active  rays 
are  tha  orange  and  yullow',  a  conclueion  which  was  generally  accepted  for  many 
years.  But  in  the  meantime  the  properties  of  the  green  colouring  matter  ofplanta 
(to  which  Pelietier  and  Caventoa  gave  the  name 'chlorophyll 'in  1817)  were  being 
investigated,  Brewster  discovered  in  1834  that  an  alcoholic  extract  of  green 
leaves  presents  a  characteristic  absorption  spectrum ;  but  many  years  elapsed  before 
any  titlempt  was  made  to  connect  this  property  with  the  physiolopc^al  activity  of 
chlorophvU.  It  was  not  until  1871-72  that  Lommel  and  N.  J.  C.  Muller  pointed 
out  that  the  rays  of  the  spectrum  vfhich  are  most  completely  absorbed  by  chtoro- 
^yll  are  just  those  which  are  most  efficient  in  the  assimilation  of  carbon  dioxide. 
Subsequent  researches,  particularly  those  of  Timitiazeff  (1877),»nd  those  of  EogeU 
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mun  (1882-84)  bued  on  lug  ingeiuoiu  Bocterioiicinethod,  httn  confiniud  6a 
viewB  of  Lommel  and  of  Miiller,  and  havo  placed  it  b^ond  doubt  that  the  impoit- 
BDoe  of  light  in  the  aaaimilatory  procsaa  ia  that  it  ia  the  form  of  kinetic  enttf^ 
neeesMiy  to  effect  the  chamioal  ch&nges,  and  th&t  the  fauction  of  chloH^jlI  ii 
to  serve  aa  the  neeDs  of  ebsorluDg  thia  eneig;  and  of  making  it  aTailable  foi  th» 
plant. 

These  are  perhaps  the  most  strildiig'  discoveries  in  relation  to  the  nutrition  of 
planto,  but  there  are  others  of  not  less  iaiportanee  ta  which  brief  Blluaion  most  be 
made.  We  owe  to  de  Saussure  (1804)  the  first  clear  demnnstration  of  the  fact 
that  plants  derive  an  important  part  of  tbeir  food  from  the  soil ;  but  the  relative 
nutritive  value  of  the  inorganic  salte  absorbed  in  solution  was  not  ascertained  ontil 
Sachs  (1868)  reintrodaced  the  method  of  wateiHjulture  which  had  originated 
centuries  before  with  Woodward  (1609)  and  had  been  practised  bj^  Dnhaniel 
(1768)  and  de  Sauasure,  Special  intereBt  centree  nniuttd  the  qaaetion  of  the 
nitrogenouH  nutrition  of  plants.  It  was  long  held,  chie&j  on  tne  authoritvaf 
Priestlej  and  of  Ingen-Housz,  and  in  spite  of  the  contrary  o[aaion  expiessed  b; 
Sdn^ier,  Woodhouse  (1803),  and  de  Saussure,  that  plants  absorb  the  free  lutivgea 
of  the  abnoephsTs  bj  their  leaves.  This  view  was  not  finally  abandoned  ontil 
1860,  when  the  Tesearches  of  Bouaaiugault  and  of  Lawes  and  Gilbert  dMHTsd  it 
of  all  foundation.  Sioce  then  we  have  learned  that  the  free  nitmgen  of  the  air 
can  be  made  available  for  nutrition — not  indeed  directly  by  green  plants  themselves, 
but;  as  Berthelot  and  Winogradaliy  mora  especially  have  Hhown,  by  Bacteria  in  the 
soil,  or,  aa  appuently  in  the  Leguminosffi.b^Bacteria  actually  euclcaed  in  the  loots 
of  the  plants  wiUi  which  they  live  symbiotically. 

We  turu  now  from  the  nutritive  or  anabolic  processes  to  those  which  an  cataholie. 
The  discovery  of  the  latter,  just  as  of  the  former,  was  arrived  at  by  the  investifis- 
don  of  the  ftaseoua  interchuige  between  the  plant  and  the  atmosphere.  In  tiia 
eighteenth  century  Scheele  and  Priestley  bad  found  that,  under  certain  eireom- 
stances,  plants  deterinrate  the  quality  of  air  j  but  it  is  to  Ingen-Honat  that  we  owe 
the  disa)Tery  that  plants,  like  animals,  respire,  taking  in  oxygen  and  giving  off 
carbon  dioxide.  And  when  3£n6biar  (1600;  had  aacertained  for  the  infloreacaDce 
of  Arum  maculatwm,  and  later  de  Sausaure  (1822)  for  other  floweia,  that  active 
resMration  is  associated  with  an  evolution  of  heat,  the  connection  between  reipiratiaii 
ana  cataboliem  ^vas  established  for  plants  as  it  had  been  long  before  by  Lavoisier 
(1777)  in  the  case  of  animals. 

Among  the  cataholie  processes  which  have  been  investigated  none  are  of  gi^lsr 
importance  than  those  which  are  designated  bv  the  general  term  fermeBtatitni. 
TbefirsCof  these  to  be  discovered  wastheslooboUcfermentatdoD  of  sugar.  Tomida 
the  end  of  the  seventeeath  century  Leeuwenhoek  had  detected  minute  globules  in 
fermenting  wort ;  and  a  century  later  Lavoisier  bad  ascertained  that  tlw  cbemieal 
process  consista  in  the  decomposition  of  sugar  into  alcohol  and  carbon  dioxide ;  but 
it  was  not  until  1837-38  that,almostsiQiultaineously,CegniarddeLatour,SchwaaD, 
and  Kiitxing  discovered  that  Leeuwcnhoek's  globules  were  living  oi^anisms,  and 
were  the  cause  of  the  fermeutatjon.  Shortly  before,  in  1633,  Fayen  and  Peisai 
extracted  from  malt  n  substance  named  ditutaae,  which  they  found  could  conveit 
the  starch  of  the  jprua  into  sugar.  These  two  classes  of  bodies,  causing  fermentatiTS 
changes,  were  distinguished  respectively  as  orgoaited  and  unofgamted  ferments. 
The  number  of  the  former  was  rapidly  added  to  by  the  investigation  more  espe- 
cially of  the  Bacteria,  in  which  Pasteur  led  the  way.  The  extension  of  our  knowledge 
of  the  unorganised  ferments,  or  enzymes,  has  been  even  more  remarkshle :  we  now 
know  that  very  many  of  the  metaWic  processes  are  effected  by  various  eutymss, 
such  as  those  which  convert  the  more  complex  carbohydrates  into  othereof  simpler 
constitution  (diastase,  cytase,  glucase,  inulsse,  invertase) ;  those  which  decomnoas 
glucomdes  (emulsin,  myrosin,  &c.) ;  those  which  act  on  proteids  (trypsins)  and  on 
lats  (lipases);  the  oxidases,  which  eanae  the  oxidation  of  various  orgamc  aahatancss; 
and  the  zvmase,  recently  extracted  from  yeast,  whichcanseaalcoholiefemMntatiiH. 

The  old  distinction  of  the  microHDTganisms  as  '  oi^aaised  fuments '  ia  no  low* 
tenable ;  for,  on  the  one  hand,  certain  of  the  chemical  changes  wbidi  Hiaj  eMt 
cut  ba  tnced  to  extractahle  enzymes  which  ^ttsj  pronluce^  and,  on  tlta  other,  M 
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PuMur  h*a  aasertecl,  ererr  liviDfc  cell  mfty  become  an  '  oiigttnised  ferment '  under 
tppropriftte  condidona.  The  distincticui  uow  to  1m  drawn  is  between  those  pio- 
rwra  which  are  due  to  enemies  and  those  directly  eOected  by  living  protoplum. 
Muy  now  definitely  indndad  in  the  former  dies  were,  until  lately,  regsroed  ae 
belDDgintr  to  the  latter ;  and  no  doubt  future  investigation  will  Btill  further  increase 
the  number  of  the  former  at  the  eipenw  of  the  latter. 

The  Roueideralion  of  the  metabolic  processes  leads  naturally  to  that  of  the 
function  of  trauBoirBtion  and  of  (lie  means  by  which  water  and  substances  in 
ulution  are  diatributed  in  the  plant.  This  is  perhaps  the  department  of  phvsiolagy 
in  which  progress  during  the  nineteenth  century  has  tteen  least  marked.  We  have 
^t  rid,  it  is  true,  of  the  old  idea  of  an  sscending  crude  sap,  and  of  a  descending 
elaborated  sap,  hit  there  have  been  no  fundamental  discoveries.  With  regard  to 
tTtnspiratioD  ttself,  we  know  more  of  the  detail  of  the  process,  but  that  is  ail  that 
can  he  said.  As  for  root-pressure,  Hofmeister  (1858-02)  discovered  that  'bleed- 
ing ' — as  the  phenomena  of  root-preasure  were  termed  by  the  earlier  writers— is  not 
confined,  as  had  hitherto  been  thought,  to  treesand  shrubs;  bat  the  current  theory 
of  the  process,  allowing  for  the  diiscovery  of  protoplasm  and  of  osmoMS,  has 
advanced  but  little  upon  that  given  by  Grew  in  the  tiiird  lx>ok  of  his '  Anatomy 
of  Plants'  (1676).  Again,  the  mechanism  of  the  trauspirati on-current  in  lofty 
trees  remains  an  unsolved  problem.  To  begin  -with,  there  is  atill  some  doubt  as  to 
the  exact  channel  in  which  the  current  travels.  Knight  (1601-8)  first  proved  that 
the  current  travels  in  the  alburnum  of  the  trunk,  but  not,  he  thought,  in  the 
vessels,  for  be  found  tbem  to  be  dry  in  the  summer,  when  transpiration  is  most 
active ;  a  view  in  which  Dutrochet  (1887)  subsequently  concurred.  Msyen  (1838) 
then  suggested  that  the  water  must  travel,  not  in  the  lamina,  but  in  the  substance 
of  the  cells  of  the  vessels,  and  was  supported  by  aucb  eminent  physiologists  as 
Hofmeister  (1858),  Unger  (1864,  1666),  and  Sachs  (1876) ;  but  it  has  since  been 
strongly  asserted  by  Boehm,  Elfving,  Vesque,  Hartig,  and  SCrasbtirger  that  the 
young  vessels  always  contain  water,  and  that  the  current  travels  in  th>i  luniins  and 
not  in  the  walls  of  the  veseeU. 

Now  as  to  ths  force  by  which  the  water  of  the  trsnspiration-current  is  raised 
from  the  roots  to  the  topmost  leaf  nf  a  lofty  tree.  From  the  point  of  view  that 
the  water  travels  in  the  substance  of  the  walls  the  nt-ceesary  force  need  not  be  great, 
and  would  be  amply  provided  by  the  transpiration  of  the  leaves,  inasmuch  as  the 
weight  of  the  water  raised  would  be  supported  by  the  force  of  imbibition  of  Uiewtdls. 
From  the  point  of  view  that  the  water  travels  in  the  lumina  the  force  reqnired  to 
raise  and  support  such  long  columns  of  water  must  be  considerable.  Dismiasinff 
at  once  as  quite  inadequate  such  purely  phyucal  theories  as  those  of  capillarity  ana 
gas-pressure,  there  remain  two  theories  as  to  the  nature  of  this  force  which 
resemble  each  other  inbeing  essentially  vitalistic,  but  differ  in  that  the  one  involves 
pressure  from  below,  the  other  suction  from  above.  In  the  one,  suggested  by 
Godlewski  and  by  Weatermaier  (1881),  the  cells  of  the  medullary  rays  and  of  tie 
Tvood-parenchyma  are  supposed  to  abrcrb  liquid  from  the  vascular  tissue  at  one 
level  and  force  it  back  again  by  a  vital  act  at  a  higher  level :  this  theory  was 
dieposed  of  t^  the  fact  that  the  trsnspiration-current  can  be  maintained  through  a 
considerable  length  of  a  stem  killed  by  heat  or  by  poison.  In  the  other,  euj^eated 
by  Dixon  and  Joly(18i}5-!>0), and  also  by  Askenasy  (1096-06), it  is  assumed  that  there 
are,  in  the  trunk  of  a  transpiring  tree,  continuous  columns  of  water  which  are  in  a 
■tata  of  tensile  stress,  the  tension  being  set  ap  by  the  vital  transpiratory  activity  of 
the  leaves.  Some  idea  of  the  enormous  tenaon  thus  assumed  is  given  by  the  fol- 
lowingeimplecalculationrelatingtoa  tree  120  feet  high.  Not  only  has  theliquidto 
be  raised  to  this  height,  but  in  its  passage  upwards  a  resistance  calculated  to  be  equal 
to  about  five  times  the  height  of  the  tree  bas  to  be  overcome.  Hence  the  tran- 
apiration-force  in  such  a  tree  must  at  least  equal  the  weight  of  a  column  of  water 
720  feet  in  height;  that  is,  a  pressure  of  about  twenty-four  atmoepherw,  or  860  lb.  to 
th«»  square  inch.  But  tiiere  is  no  evidence  to  prove  that  a  tension  of  anything  like 
twenty  atmospheres  exists,  as  a  matter  of  fact,  in  a  transpiring  tree ;  on  the  con- 
trary, such  observations  as  exist  (eg.,  those  of  Hales  and  of  Boehm)  indicate  much 
lovFer  tenuons,    Under  these  circumstances  we  mutt  regretfully  eonfees  that  nt 
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one  more  ceotoiy  has  closed  withoat  biinf^g  the  Bolution  ot  tlie  secular  ptobleib 
of  iha  uoent  of  tlie  up. 

The  nineteeoth  mnturj  hu  been,  fortuoatelj,  rather  more  fertile  in  discoveiT 
concerning  tike  BtOTements  and  irritabilitjof  plantt.  But  it  is  inrprisinj^howmacn 
knowledge  on  these  points  had  been  accumaUted  bj  the  beginning  of  the  ceatoir : 
the  ii«t8  of  plant-movement,  such  as  the  cnrvatures  due  to  the  action  of  light,  toe 


le  nineteenth  century  opeoed,  then,  with  a  con- 
siderable store  of  facta ;  but  what  was  laclcing  was  an  interpretation  of  them ;  and 
whilst  it  has  liugelj  added  to  the  store,  its  moat  important  work  has  been  done  in 
the  direction  of  eziidanatiou. 

The  first  event  of  imporCance  was  the  discovery  hj  Knight,  in  1806,  of  the  fact 
that  the  stems  and  rooti  of  plants  aie  irritable  to  the  action  of  gravity  and  re^Mnd 
to  it  by  assuming  definite  directions  of  growth.  Many  years  later  the  term 
'  geotropism  '  was  introduced  by  Frank  (1868)  to  denonate  the  phenomena  of 
growth  as  afiected  by  gravity,  and  at  the  same  time  Franli  announced  the  import- 
ant discovery  that  dorsiventrBl  membera,  such  as  leaves,  behave  qnite  differently 
from  radial  members,  such  as  stems  and  roots,  in  that  they  are  diageotropie. 

It  was  a  long  time  before  the  irritability  of  plants  to  the  action  oi  light  was 
recognised.  ChieSy  on  the  authority  of  de  Candolle  (to  whom  we  owe  the  term 
'  heliotropiam '),  heliotropic  curvature  was  accaunted  for  by  asBuming  that  the  one 
aide  lecmved  leas  light  than  the  other,  and  therefore  grew  Uie  more  rapidly.  But 
the  researches  of  Sacbe  (1873)  and  Miiller-Thurgau  (1870)  have  made  it  clear  that 
the  direction  of  the  incident  rays  is  the  important  point,  and  that  a  radial  stem, 
obliqaely  illuminated,  is  atimulated  ta  curve  undl  its  long  axis  cfnncides  witb  the 
incident  rays.  Uoreover,  the  discovery  by  Knight  (131S)  of  negative  beliotropism 
in  the  tendrils  of  VUit  (uid  Amjuicptu  really  put  the  Caiidolleau  theory  qnite  out 
of  court ;  and  further  endence  that  beliotrojnc  movements  are  a  response  to  the 
■timulus  of  the  incident  rays  of  light  ia  afforded  by  Frank's  discovery  of  the 
diaheliotropism  of  doTMventral  members. 

The  question  of  the  localisation  of  irritability  has  received  a  good  deal  of 
attention.  The  fact  that  the  under  surface  of  tl^  polvinua  of  Afmosa  pudka  is 
alone  sensitive  to  contact  was  ascertained  by  Burnett  and  Mayo  in  1827 ;  and 
shortly  after  (1834)  Curtis  discovered  the  senaitiveDeas  of  the  hairs  on  the  npper 
■UT&ce  of  the  leaf  of  JXonma,  After  a  long  period  of  neglect  the  subject  waa 
taken  up  by  Darwin.  The  irritabklity  of  tendrils  to  contact  bad  been  discovered  by 
Mohl  in  1827 ;  but  it  was  Darwin  who  ascertained,  ic  1866,  that  it  is  confined  to 
the  concavity  near  the  tip.  In  1876  Darwin  found  that  the  irritability  of  the 
tentacles  of  ^Mera  is  localisedin  the  terminal  glaDd;aDdfollowed  thiaup,  inl880, 
by  asserting  that  the  aenaitiveneas  of  the  root  is  localiaed  in  the  tip,  which  acta  like 
a  brain.  This  assertion  led  to  a  great  deal  of  controversy,  but  the  researches  of 
Ffefier  and  Gzapek  (1694)  have  finally  established  the  correctneag  of  Darwin's  con- 
clusion. It  is  interesting  to  recall  that  Erasmus  Darwin  had  suggested  the  possible 
existence  of  a  brain  in  plants  in  his  '  Phytologia '  (1800).  But  the  word  ■  brain ' 
is  misleading,  inasmucli  as  it  might  imply  sensation  and  consciousness  :  it 
would  be  more  accurate  to  speak  of  centres  uf  ganglionic  activity.  However, 
the  fact  remains  that  there  exist  io  plants  imtable  centres  which  not  only 
receive  stimuli  hut  transmit  impulses  to  those  parts  by  which  the  consequent 
movement  is  effected,    The  transraisnon  of  stimuli  has  been  found  in  the  case  of 


Mimoia  pudica  to  be  due  to  the  propagation  of  a  disturbance  of  hydroatatic 
equilibrium  along  a  special  tissue ;  in  otner  cases,  where  the  distance  to  be  travened 
is  small,  it  is  probably  effected  by  means  of  that  continaity  of  the  {ootoplaam  to 
which  I  have  already  alluded. 

Finally,  as  regards  the  mechanism  of  these  movetnents,  we  find  S^filner  and 
Rndolphi,  the  earliest  writen  on  the  subject  in  the  nineteenth  centuiy,  niiirirtinr. 
•a  if  against  some  accepted  view,  that  there  is  no  structure  in  a  plant  compaiaate 
with  the  muscle  of  an  aaiinal.  Rudolphi  (1807)  suggested,  as  an  alternative,  that 
the  position  of  a  mobile  leaf  ia  determiued  by  the  '  turgor  vitalis '  of  th»  pulvinus, 
and  thus  anticipated  the  modem  theory  of  the  mechaniam.    But  he  gives  no 
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explanation  of  whftt  be  maans  hj  '  tiu^r ; '  ftod  the  term  is  frequentlj  used  by 
writers  is  the  first  half  of  the  centurj  ia  the  same  yague  way.  Some  progress  was 
made  in  conse<juence  of  the  discoTery  of  osmosiB  by  Dntrochet  (1838),  and  more 
Mperaally  by  his  observation  (1337)  that  the  moTemeDts  of  Mimoia  are  dependent 
on  the  preseDce  of  oxygen,  and  are  therefore  vital.  But  it  was  not,  and  conld  not 
be,  ontu  the  eziBtenee  of  living  piotoplasm  in  the  cells  of  plants  was  realised,  and 
tbe  moremente  of  free^wimming  organisms  and  naked  reproductive  cells  had 
become  more  familiar,  that  the  true  nature  of  the  mechanism  b^an  to  be  under- 
stood ;  and  then  we  find  Cohn  sajing,  as  long  ago  as  I860,  that  '  the  living 
protoplasmic  substance  ia  the  eraeDtially  contractile  pardon  of  the  cell.'  This  state- 
ment may,  perhape,  seem  to  put  the  case  too  bluntly  and  to  savour  too  much  of 
animal  analtOT  ;  but  the  study  of  the  conditions  of  turgidity  has  shown  mora  and 
more  clearly  that  the  protoplasm  is  the  predomioant  factor.  The  protoplasm  of 
plant'^Klls  ia  undoubtedly  capable  of  rapid  molecular  changes,  which  alter  its 
physical  properties,  more  particularly  its  permeability  to  the  cell-eap.  It  may  be 
that  these  cbangee  cannot  be  directly  compared  wiUi  those  going  on  in  animal 
muscle ;  but  if  we  use  the  term  '  contractility  '  in  its  wider  sense,  oa  indicatang  a 
general  property  of  which  muscular  contraction  is  a  special  case,  then  Colui's 
statement  is  fully  justified.  This  ia  borne  out  by  the  obeervations  of  Sir  J.Burdon- 
Sanderson  (183!J-SS)  on  the  electrical  changes  taking  place  in  the  atimnlated  leaf 
of  IHonma,  and  bj  Kuukel's  (1878)  corresponding  observations  on  Mimota  pudiea : 
io  both  cases  the  electncal  changes  were  lound  to  be  essentially  the  same  aa  those 
observable  on  the  stimulation  of  muscle.  We  find,  then,  that  the  advances  in 
Fhysiolo^,  like  those  in  Anatomy,  teach  the  essential  unity  of  life  in  all  living 
thinra,  whether  we  call  them  animals  or  plants. 

With  this  in  our  miads  we  may  go  on  to  consider  in  conclnsion,  and  very 
briefly,  that  department  of  physioloj^cel  study  which  is  known  as  the  Bionomics 
or  (Ecology  of  plants.  In  the  earlier  part  of^the  century  this  subject  was  studied 
more  especially  with  regard  to  the  diatributioo  of  plants,  and  theii  relation  to  soil 
aod  climate :  but  since  the  publication  of  the  '  Origin  of  Species '  tbe  purview  has 
been  greatly  extended.  It  then  became  necessary  to  study  the  relation  of  plants, 
not  only  to  inorganic  conditions,  but  to  each  otW  and  tc  animals;  in  a  word,  to 
study  all  the  adaptations  of  the  plant  with  reference  to  the  atru^le  for  existence. 
The  result  has  been  the  accumulation  of  a  vast  amount  of  most  interesting  infor- 
mation. For  instance,  we  ara  now  fairly  well  acquainted  with  the  adaptations  of 
water-plants  (hydrophytes)  on  the  one  hand  and  of  desert-plants  (lerophytes)  on 
the  other ;  with  the  adaptations  of  ahnde-planta  and  of  those  growing  in  full  sun, 
especially  aa  regards  the  protection  of  tbe  chlorophyll.  We  have  learned  a  great 
deal  as  to  the  relations  of  plants  to  ttach  other,  suca  as  the  peculiarities  of  parasites, 
epiphytes,  and  climbing  plants,  and  as  to  those  atngular  symhioses  (Mycorhiza)  of 
the  higher  plants  with  Fungi  which  have  been  found  to  be  charact^atic  of  sapro- 
phytes. Then,  again,  ne  to  the  relations  between  plants  and  animals :  the  adaptation 
of  flowers  to  attract  the  visits  of  insects,  first  diacorered  by  Spreugel  (1793),  has 
been  widely  studied ;  tbe  protection  of  the  plant  agunst  the  attacks  of  animals, 
b^  means  of  thorns  and  spines  on  tbe  surface,  as  also  by  the  formation  in  its 
tissues  of  poisonous  or  distasteful  substoncea,  and  even  by  the  hiring  of  on  army 
of  mercenaries  in  the  form  of  ants,  has  been  elucidated ;  and  final^  those  eases 
in  which  the  plant  turns  the  tables  upon  the  animal,  and  captures  and  digests 
him,  are  now  fully  understood. 

Conclusion. 

Imperfect  as  is  the  sketch  which  I  have  now  completed,  it  will,  I  think,  gu£Bce 
to  show  how  remarkable  has  been  the  progress  of  the  science  during  the 
nineteenth  century,  more  particularly  the  latter  port  of  it,  and  bow  mnlti&riou«. 
are  tbe  directions  tn  which  it  has  devi^loped.  In  loot  Botany  can  no  longer  be 
TSfcaided  as  a  single  science :  it  haa  grown  and  branched  into  a  congeries  of 
Mtencea.    And  as  we  botanists  regard  with  complacency  Uie  flooridiing  conditioa 
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of  the  HaeoM  wboM  Kmnti  we  ue,  Ist  tu  not  foricet,  on  tlw  one  hand,  to  do 
honour  to  those  whooe  Ufework  it  wm  to  make  the  waj  Btraif^t  for  nfl,andwhoM 
eonqneet*  have  become  our  peaceful  poaaemion ;  nor,  on  the  other,  that  it  liea  with 
Hi  (o  fa>  oaiTj  on  the  good  work  that  when  this  Section  meeta  a  hundrsd  ] 

hence  it  mav  be  found  that  the  aa' '  ■      - 

lag  behind  thow  of  the  ninatMnth. 


The  following  Beporta  and  Papers  were  read: — 

1.  Beport  on  Experimmial  Invagti^ilion  of  AMimilaUott  in  PlanU. 
Bw  Beporta,  p.  S69. 


2.  Report  on  FertUUation  in  tlis  Phaophyeea. — See  BeportM,  p.  569, 


3.  Britith  Sylviaullure.    By  Sauosl  MABGEBisoif. 

Ftfmer  an^pUea  and  high  qualltjr  of  British  oal^  &c.  Recent  aappliea  largdj 
conaist  of  forewrn  timber.  Native  timber*  still  required  in  lam  quantitioa  uid 
likelj  to  be  more  in  demand,  because  of  lessening  of  Blocks  and  enlarged  borne 
consumption  in  the  countriea  now  supplying  ua.  The  period  covered  by  the  lite 
of  a  timber-tree  fruilful  in  economic  changes.  We  have  much  land  at  present 
unproductive,  or  only  slightlj  productive,  suitable  for  growing  a  native  supplj'  of 
tunber,  but  owners  and  nation  comfortably  apathetic  in  the  matter,  content  witii 
present  abundant  supply.  Sportsmen  are  graundleasly  fearfal  of  their  pleasures 
being  disturbed.  It  is  really  a  national  matt«r,  calling  for  Ghivemment  aid  and 
mipervUion,  oi  good  priTate  '  worlting  plans,'  which  canaot  be  disturbed  by  changes 
ofindiridual  management. 

Compariaoa  of  resulta  of  Continental  sylviculture  with  ours;  their  crops 
treble  and  quadruple  of  ours.  Natural  conditjons  here  not  lese  &TourBble,  but 
managemeat  generally  inferior, 

Difierences  arise  in  details : 

Orovnng  the  Crop. — Tliick  planting  and  careful  thinning  (preservlngan  overhead 
canopy  and  encouraging  lengthy  growth) ;  making  sport  secondary  to  sylvicnlture, 
whilst  still  providing  abundance  of  it. 

Haroetting  the  Crop. — Gradual  thinning ;  reserving  the  thriviog  trees ;  partial 
conversion  on  the  spot ;  savioga  in  haulage,  agun  keeping  sport  wcMtdary ; 
reasonable  cost  of  railway  carriage.  Forestry  schools,  wiUi  opportanitaee  fm' 
detailed  research  and  teachmg,  witti  equipment,  suentific  and  practical,  worthy  ttf 
the  subject. 


4.  The  Great  Smoke-Gloud  of  the  North  of  Enffland  and  its  litfiiaenoe  on 
Plants.    By  Albert  Wilson. 

The  widespread  effect  of  smoke  inaufSciantlv  realised.  Dwellers  in  towns 
often  so  hardened  to  it  as  to  be  almost  oblivious'of  its  presence.  The  great  smokr- 
pTodudng  district  of  the  North  of  England;  its  extent;  miserable  condition  of 
vegetation  in  some  parts  of  the  area.  Variation  in  amount  of  smoke  accordii^  to 
the  season.  Effect  m  reducing  air  transpnrpncy ;  dimness  of  sky  and  landscape. 
Instance  to  which  smoke  travels.  Smoke  often  mistaken  for  haie.  Red  sunset* 
in  Soudi-east  Yorkshire.  Atmosphere  of  the  North  of  England.  North  of  the 
smoke  area  never  brilliant  with  southerly  vrinds.  The  smoke  from  Barrow-in- 
Furness,  an  isolated  town  ;  long  distance  at  which  this  is  noticeable;  comparison 
of  its  volume  with  tbat  from  the  great  smoke  area.  The  characteristic  emml  from 
oartun  large  works,  and  (he  distance  at  which  it  can  be  detected.  DivoloratioB 
of  rainwater ;  '  black  rain.'  Influence  of  smoke  on  sunshine  and  air  ten 
in  calm  summer  weather,  and  in  antieyclonic  weatber  during  antonm  or 
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loT  daT-temperatuie  mazinu.    Smoke  and  fb^^odoction.    LanR-eontinned  Bmoka 


jaand  hepatici  as  oompared  with  that  on  higher  plantt.    Smoksata  ._..  .._  ._ 

in  winter,  when  manv  inoMai  are  in  a  vagetatiTe  conditioii.  Great  diminution  ii . 
their  aboDdsnce  and  liixnrionsneM  in  the  aughbotirhood  of  large  town*.  FaeuHar 
HcpDaaK  of  bark-lovinff  ■paeiea  to  amoka  inflnanoa,  and  the  oaiua.  Threatened 
extinction  of  Ulota  and  CMitotrieia. 


S.  A  Gi/mnoapmranffiumfTOm  Chma.     By  F.  %.  Wgias. 

Tbi>  fungua  wsa  first  obaervad  hy  Dr.  A.  G.  Farrott  in  the  aprin?  of  1890  in 
Lao-ho-kou,  in  North  Central  Ohina  (lat.  32°  60'  N.,  long.  112*  E.).  Its  spore 
maaaea  made  their  appaaranca  in  April  on  the  branchea  of  Juniperut  ehinentis  in 
the  form  of  bright  jeUow  ^elatlDoua  maaaas  after  a  few  daja*  coctumoua  tun.  The 
telentoepore-beoa  appear  singly  or  in  clusters  on  the  leavaa  of  the  smaller  branchea, 
uanally  in  mors  or  leaa  fiat  leaf-lilra  maaaea.  Whan  cloaa  tt^thar  they  often 
become  eonfluent.  The  teleutoaporea  are  of  the  uaoal  ^l>e,  two-called,  tapering 
tomida  both  enda  and  aomewhat  romided  at  tha  apex.    Tbej  posaoao  Mght  germ 

What  ia  in  all  probability  the  Bcastelia  ttage  of  thia  fon^  waa  obaerred 
during  the  summer  on  the  leaves  of  the  peai,  Py^  tineruit,  Ldl.  A  tree  of  this 
species  growing  in  proiimitj  to  the  infected  jmiipera  waa  attaoked  by  a  fungus  of 
the  B(»stelia  type,  producing  typical  eecidioapores. 

In  the  appearance  of  its  teleutoepore  maaaea  and  in  the  shape  and  structure  of 
the  te^fosporee  this  fnoRua  appears  moat  nearly  related  to  Oi/rnno^oranffium 
SabiniB  (Dicks),  a  widely  aiatributed  form  occurrinff  in  Europe  and  in  America, 
and  to  Oymnonporatimam  Cunninghamianum  (Barclay),  a  Himalayan  form,  both 
of  which  have  their  Roestelia  stage  on  a  pear,  the  former  on  Pyna  communis,  the 
latter  on  I)frui  Pathia, 


6.  Demongtration  of  the  Structure  and  AUaelnn«nl  of  the  Floffelltim  in 
Eaglona  viridis.    By  Habold  Waqer. 

The  fiagellum  of  Euglena  viridu  posaaBaes  a  Minrcate  base,  which  ia  attached 
to  the  wall  of  the  excretory  rceervoir  at  the  anterior  end  of  the  body.'  Aa  it 
pan  pea  to  tbe  anterior,  through  the  gullet,  an  eolai^ement  occura  in  the  region  of, 
and  partly  surrounded  by,  the  eye-spot.  This  Btnicture  «!an  be  aean  in  very  favoor- 
able  cBsea  in  the  living  condition,  but  usually  only  after  the  action  of  reagents. 
The  beat  reagent  for  thia  purpose  ia  either  a  1  per  cent,  aolution  of  osmic  acid  or 
a  S  per  cent,  solation  of  bicnromate  of  potash  with  a  1  per  cent,  solution  of  oamie 
acid.  Good  pieparationa  have  alao  been  obtained  by  treating  &esh  cells  with  a 
solution  of  iodine. 

The  structure  may  be  obscured  by  small  grains  of  paramylon  which  S' 
sccnmulate  at  tha  anterior  end  of  tbe  body. 


7.  On  the  Structure  of  the  Soot-nodules  ofAhma  glutinosa. 

By  T.  W.  WOODHEAD.. 

Longitudinal  sections  show  that  the  nodule  ia  traversed  by  a  central  atrand  of 
ahort,  thick-walled,  prosenchymatoua  fibres,  with  transverse  pita  in  tbe  walls. 
Surrounding  thia  are  four  or  five  layers  of  cubical  cella,  rich  in  protoplasm,  followed 
1>y  a  email-celled  bulky  cortex.  On  the  outride  of  this  is  a  phellogen,  which  pro- 
docea  a  layer  of  cork  several  cella  deep.  The  cortical  cella  are  largely  occnjued 
by  the  organism  which  produces  the  nodule.  Their  distribution  is  roughly  in 
parallel  layers  of  cells  paaaing  obliquely  &om  the  central  strand  outwards ;  between 

'  See  Wager,  Journal  Linn.  Soo.  Zoology,  vol.  xzvii.  p.  4B3. 
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thfliM  Ujen  ue  cella  filled  witfa.  itorch  gnins,  often  in  Tubus  atagM  of  dii* 
oigainMtiMi,  embedded  in  a  very  gr&DnUr  protoplasm,  mncli  rHembliiuc  iMctaiU. 

The  oigMiism  is  usu&llr  preMiit  aa  a  gloDolar  sponiigiiim  at  the  end  of  a  Ami 
hjfbA :  these  bodiea  are  den«el]'  packed  ividiin  the  cells ;  their  tife-bistoiy,  thonrit 
as  jet  obscure,  presents  eeverol  differeot  phases.  Towards  the  base  of  the  nodde 
are  stiands  of  cells  occupied  b;  disoigaoised  eontanta  indicating  a  praviona  tnct  of 
growth  of  the  organiain  :  this  ie  succeeded  bj  groups  of  cells  filled  with  the 
oiganism  in  Torious  atagee.  Towards  the  apex,  and  immediatelr  behind  the 
growing  point,  the  cells  coataining  the  aporsngia  are  immediatelj  foUowed  t^  cells 
tUled  Tith  fine  bjphal  filaments  which  may  be  seen  to  penetrate  the  walls  of  the 
young  a4jac«nt  Mils. 

l^eee  ohaervations,  which  are  as  jet  in  a  preliminarj  st^^,  were  made  in  the 
Botanical  Laboratory,  Cambridge,  through  the  kindnesa  of  ProtetaoT  H.  Uanhall 
Word,  to  whom  I  am  greatly  indebted  for  much  help  and  encouragement. 


8.  Fwtffi/ound  in  Ceylon  gromng  upon  SaaU-inseeU  (CocddK  and 
Alenrodidn).'     By  J.  Parkiit,  M.A.,  Trinity  CaUege,  Cambridge. 

The  author's  attention  was  called  to  these  fungi  by  Mr.  E.  E.  Oreen,  Entomo- 
logist to  the  Qovermnent  of  Ceylot      ""' 
supplied  by  him.     A  few  eiamplea  n 

Fung^  associated  with  Bcale-inaeeU  have  till  recently  been  little  studied. 
eciea  have  been  mentioned  from  time  to  time  as  growing  upon  scales  of  dead 
!,  hut,  till  within  the  last  few  years,  hardly  any  attention  has  been  ealkd  to 
their  probable  parasitic  character  or  to  tbe  capability  of  their  being  employed  to 
check  the  ravages  of  scale-pests,  Webber '  in  18i)7  points  out  for  the  bist  time 
the  parasitic  habit  of  certain  species — five  in  all — of  AaBhertatna  on  acale-inaetits 
infesting  the  orange  and  other  plants  ia  Florida.  Zimmramann  *  in  the  foUowing 
jrear  in  Java  gives  a  preliminary  account  of  a  fungus  {Cephtdo^riwn)  attacking 
the  greeu  bug  {Lecaniam  tiride),  so  harmful  to  the  coffee,  and  describes  how  it 
maT  be  artificially  cultivated  for  infecting  experiments.  Oreen  ia  also  conducting 
Bucb  experiments  in  Ceylon. 

The  various  kinds  here  brought  to  notice  are  referable  to  the  following  genei« : 

Pyrenomycetea-Hypocreales :  Uectria,  Torru^iia. 

Fungi  imperfect! :  Aaehertonia,  Cephalorporitim,  Vertidllitan,  Microcera, 
CampKtruAttm  (f). 

Ntctria. — The  conidial  stage  belongs  to  the  Fumrium  type,  with  large  multi- 
septat«  curved  conidia.  Two  distinct  apecies  are  perliaps  recognisable.  One  has 
been  found  on  several   oceauons   growing   on   scale-insecta,    belonging   to  three 

reraof  the  tribe  Diaspidine.  It  may  perhaps  be  identical  with  J^.auronfmo^ 
and  Br.,*  which  is  mentioned  incidentally  as  growing  apparently  from  some 
coccus  on  orange  twiga.  The  other  was  found  on  a  scale  (Asteroleeamum  miliaru) 
infesting  a  bamboo. 

The  only  allusions  to  this  habitat  for  Nectria  that  the  author  has  found,  besides 
the  above  one,  are  twi>;°  r^arding  Biazilinn  species  {N.  coocorvm,  Speg.,  and 
JV.  eoMOfena,  Speg,),  both  described  as  growing  on  dead  eocci  on  jeavea. 

Torrubieila. — -This  genus,  with  thread-like  ascoaporea,  conaista  so  far  of  only 

'  Tbe  paper  was  illustrated  by  dried  specEmens  and  coloured  drawings  by  Hr. 
Wm.  de  Alwig,  tbe  Sinhalese  draughtsman  attached  to  tbe  Boyal  Botanical  Gardens, 
Feradeniya. 

'  Webber, 'Sooty  Mold  of  the  Orange  and  Kb  Treatment,'  U.S.  Depart,  cf  A jrie. : 
Dip.  of  Ytj.  Phytiol  and  Pathol,  1897,  No,  13. 

'  Zimmermaun,  *  Over  eeee  Schimmelepidemie  der  Qroene  Luiien,'  Yoorlooing 
Kapport,  1893.     Bnitanzorg,  Java. 

•  Berkeley  and  Broome,  '  Fongi  of  Ceylon,'  Jaunt.  Linn.  Soc.,  xiv,  1875,  p.  117. 

*  Saccardo's  Sulloge  Fungorum,  Additamcnta  to  vols.  L-iv.  188G,  p.  203,  and 
TOL  ix,  1891,  p.  969. 
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three  Bpeeiee :  one  of  these,  T.  rubra,  Pat  and  Lageih.,'  is  described  u  gTowing 
on  d  coccus.  The  Ceylon  forms,  two  in  number,  agree  foirlT  closely  with  the 
de8cri{)iioii  of  T.  rubra.  One,  with  deep  ^ink  perithecio,  was  ^und  on  k  spedee  of 
AleuTodfi,  the  other,  with  pAle  hrown  perithecio,  on  a  species  of  Aipidiottu. 

Atefieraonia. — This  genus,  chiefly  tropical,  and  confuting  now  of  about  nineteen 
spedee,  has  usually  been  taken  to  be  a  leaf-infesting  one.  Webber '  has  ahows 
that  it  may  also  be  estomogenous.  It  is  i^uite  possible  that  spedes  hitherto 
i^arded  as  growing  on  leavea  and  stems  are  m  reality  parasitic  on  scale-insects 
occurring  on  theae  parts  of  plants.  The  Oeylon  forms  have  been  fbnned  on  spedes 
ot  Aleurodes  and  Lecamum. 

Along  with  one  of  these  Aschersonias  on  the  same  kind  of  scale  are  flattened 
dicular  brown  fungous  pustules,  which  are  similar  in  structure  to  what  Webber 
names  as  the  '  brown  mealy~wing  fungus,'  >  In  neither  case  haa  any  trace  of 
spore-formation  been  found. 

Oephaioiporium.—The  fungus  referred  to  pre-riooely  as  found  by  Zimmennwm 
on  the  green  bug  has  been  named  by  him  proTifflonslIy  as  CfpAalo^oriumLecanii, 
Specimens  practically  identical  with  this  nave  been  obtained  in  Ceylon  on  the 
same  scale  on  the  coffee  and  other  plants,  also  on  two  other  species  of  Lecanium. 

Veriicilliam. — The  species  V.  hetsrocla^tim,*  described  by  Peniig  as  occurring 
on  the  dead  bodies  of  Zecmuum  hetperidum  on  leaves  of  the  lemon,  is  the  single 
instance  found  of  such  a  habitat  for  this  genua.  The  Ceylon  member  was  aiS' 
Govered  on  the  sune  scale  and  on  the  same  bamboo  as  poraeased  the  Nectria, 
mentioned  above.  As  a  rule  the  Nectria  was  confined  to  the  upper  and  the 
VsrticiUium  to  the  lower  BUT£ace  of  the  leaves.  Possibly  the  two  may  be 
conn  acted. 

Microcera. — This  genus,  cloeely  related  to  Puiarium,  was  established  by 
Desmazidree  °  in  1848  for  a  fungus  (M.  coeaophila)  discovered  an  »  scaJe-ineect. 
Later  it  was  shown  to  be  the  couidial  stage  of  Spharoetilie  eoccophila.'  Another 
Bpedee,  M.  rectitpora,  Cooke  and  Maes.,' has  been  found  associated  with  a  coccus 
on  the  orange  in  Australia.  The  Ceylon  t^pes  occur  on  three  genera  of  Hm 
Diaepidinse.    One  of  them  is  probably  the  conidial  stage  of  a  Cahmectria. 

Oaviptotrichum, — The  fungus  referred  to  this  genua  waa  discovered  growing 
on  a  scale  (CAiona^ia  Atpidutrie)  on  a  palm.  It  has  not  yet  recdved  a  veiyolose 
examination,  but  seems  to  agree  beet  with  .tiaa  genns  of  the  group  Dematiacen 
of  the  Fungi  imperfecti. 

Ht.  Qreen  has  also  pasaed  on  to  the  author  specimens  of  this  class  of  fungi 
received  irom  other  countries/ viz.,  Ateienoma  &om  India,  Sumatra,  and  Java,  and 
Mierocera  from  West  Africa  and  Mauritius. 

Thus  it  seems  that  fungi  infeBtinf  scale-iueeete  have  an  extennve  distribution, 
especially  in  and  near  the  tronics.  That  they  are  the  true  cause  of  the  death  of 
the  inaects  there  seems  little  doubt. 


FRIDAY,  SEPTEMBER  7. 
The  following  Papers  were  read : — 

1.  On  the  to-caUed  Optimum  Strength  of  CO3  for  AssimileUioti. 
Sy  Dr.  F.  F.  Blaokmait. 

'  Patoalllard  et  Lagerbeim,  *  Sac  Champignons  de  I'Eqnateur,'  Bvll.  di  la  Sue. 
Itfytiet.  dt  Vranoe,  vol.  ^x.  1893,  p.  IGi. 
»  Webber,  ioe.  mt. 
'  Webber,  lee.  eit.,  p.  27. 

*  Saooordo,  S.F.,  vol.  iv.  1886,  p.  lEl. 

*  DeamaiUres, '  Plantea  Cryptogames  NouTolIes,'  Ann.  det  Se.  Kat.,  3rd  ser.,  1818, 
p.  SS9. 

*  Tulaane,  Quwl'igiA,  vol.  ilL  186E,  p,  106. 
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2.  On  tlie  S^Ml  of  the  Cloture  0/  Stomala  on  Aagimilation. 
By  Dr.  F.  F,  Blacehas  a*>4  Miss  Matthsi. 

3.  Formation  <ifStainhJrvm,  Olycallie  Aldehyde  by  Green  Plant: 

By  HxsHr  Jackbov,  B.A.y  B.Se. 

OlycoUie  aldefa^  or  diose  hu  recently  beea  iaolated  in  a  ajstaJline  sUta,* 

•od  more  recentlj  it  has  been  shorcn  bf  the  uitlkor  '  that  tliu  enbsUnce,  nnder  tbe 

iufiaence  of  dilute  alkalis,  Terr  quickly  condenaee  to  two  ijnthetic  hezoau,  one  of 

which,  and  acroee,  is  identical  with  fracton 

SC,n,Oj-CaH,iO„. 

It  therefora  became  a  matter  of  interost  to  find  whether  KTMH  plants  could  hoild 
DP  rtarch  if  allowed  to  remain  foi  a  time  in  a  eolution  of  this  simple  augai.  Hw 
following  are  the  reaulti  of  s  few  ezperimeotA  Le&Tee  of  tn^^vobtn  and  cIcptw, 
which  bad  been  depleted  of  their  it&rch  by  growing  in  the  dark,  were  floatedin  a 
8  per  cent,  aqueona  eolution  of  dioae,  control  experimenta  being  made  with  cane 
■ugar,  glycerme,  and  distilled  water ;  the  whole  series  being  kept  in  the  dail  for 
six  days.  They  were  then  tested  by  Sachs's  method,  and  it  was  found  that  thoM 
floating  in  pure  water  were  qaite  Btarchleaa,  thooe  in  glycerine  slmoet  so,  but  thnan 
growing  in  diose  had  accumulated  starch  in  the  lianes,  though  not  to  the  aanM 
extent  as  those  placed  in  cane  sugar. 

Spircffjfra  was  placed  in  a  1  per  cent,  solution  of  diose  in  an  atmosphtfe  free 
from  CO,,  and  after  fire  days  in  the  light  had  accumulated  starch,  whilst  tha 
control  experiment  in  diclilled  wat«r  showed  only  a  small  quantity  of  starcb.  In 
the  last  eet  of  expeiiments  ^rogyra  wa«  grown  in  an  atmoaphere  free  from  00„ 
but  kept  in  the  dark.  After  a  week  the  contnd  specimen,  which  had  been  In  dis- 
tilled water,  was  etaichless,  whilst  that  growing  in  the  engai  had  formed  laigs 
quantities  of  starch. 

4.  On  ^  Effect  o/Salte  on  the  COf  Aaiimilation  o/VIva  latissiiDa,  L. 
Sy'E.A.  Nkwrll  Abbkb,  B.A. 

The  primarv  object  of  these  experiments  was  to  obtain  a  general  idea  of  th« 
extent  to  which  the  power  of  CO,  asmmiladon  is  dependent  on  the  absoipbum  ol 
nutrient  salts. 

It  was  found  that  an  inhibition  of  the  CO,  asumilatios  could  be  caused  by  the 
presence  or  absence  of  certain  salts  in  the  medium. 

Ulva  was  rendered  free  from  starch,  and  exposed  to  light  in  media  oontuniog 
known  proportions  of  salts,  The  amount  of  CO,  assimilation  which  took  place 
was  gauged  by  the  starch  accumulation.  In  distilled  water  only  a  very  amall 
amount  of  ataroh  was  formed,  while  in  tap-water  containing  traces  of  nntrkot 
salts  the  inhibition  was  only  slight.  IKstilled  water  was  not  found  to  hare  ai^ 
injurious  effect  on  the  plant.  The  presence  of  NaCl  in  the  medium  was  found  to 
be  essential  in  order  to  obtain  the  maximum  of  CO,  aadmilation.  Frrxa  indirect 
evidence  a  total  or  almost  total  abaenea  of  NaCl  caused  a  ve^  marked  inhildtian 
in  all  cases ;  and  no  other  salt  could  be  found  to  replace  NaOl  in  regard  10  0(\ 


sea  water  did  not  inhibit  the  asMmilalion.    The  preaence  of  a  nitrate  in  appredal 

Quantity  in  the  medium  cansed  an  inhibition.  Ammonium  nitrate  was  found  m 
a  fatal.  EHO,  caused  a  more  marked  inhibition  than  NaNO,;  the  inhibition 
being  least  marked  in  the  case  of  Mg(NOj),, 
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6.  3%e  Sea-vted  TTlva  latisBuna  and  its  Selatum  to  Ae  FoUuHon  of  Sea- 
water  by  Sewage.  By  Professor  Lsna,  D.Sc.,  Ph.D.,  and  JoRN 
Hawthorns,  B.A.,  Queen'a  College,  Bel/aaL 

For  ft  Dumber  of  jMn  put  a  very  lerious  nuisKOce  bas  uiaen  from  the  bIoUumIi 
of  the  upper  reachea  of  Belfast  Lough  daRn^  the  Hiunmer  moatha.  the  atendi  at 
low  tide  Wug  quite  OTerpoweiin^,  and  the  air  heavilj  charged  wiui  solphuratted 
hydrogen,  A.  inedselj  similar  nuisance,  though  not  of  the  same  inagiutnde,  oIm 
BiTiaes  from  the  alohlsnds  in  the  northern  portion  of  Dublin  Bar. 

The  nuisance  ia  caused  hj  deposits  of  the  gieen  sea-weed,  csJled  TJlixi  latitmaui, 
at  aea-lettuce,  which  in  tlie  two  localities  mentioned  grows  in  abundance,  and 
during  high  wiuda  or  galea  is  washed  ashore.  In  Belfast  Lough  the  quantity  tbua 
deposited  ia  enormous,  forming  banks  which  are  often  several  feet  thick,  and 
extend  for  miles  along  the  coast.  Once  deposited,  these  lapers  of  sea^weed  often 
remain  more  or  leas  stationary  for  months  in  the  shallow  bays  or  pools  of  the 
Deighbonrbood,  and  in  warm  weather  rapid  pnttefactjon  occurs,  and  a  perfectly 
intolerable  stench  arises,  which  is  percepuUe  over  a  wide  area,  and  serionaTy  affect* 
not  only  the  comfort  of  the  inhabitants  of  the  district,  but  the  tbIub  of  their 
property  alao. 

The  Chemical  Changes  lohich  occur  ichen  Ulva  latinlma  /ermenti  in  Sea- 
water, — An  extended  iuTeeligation  in  the  laboratory  has  shown  that  wh^  the 
sea-weed  ferments  hydrogen  and  carbonic  anhydride  are  first  evolved  in  about 
equal  proportions  by  volume,  and  &tt^  acids  are  produced.  Isolation  and  exami- 
nation of  these  latter  show  that  propionic  acid  is  the  chief ;  butyric  acid  is  alao 
formed,  and  probably  acetic  acid  in  addition.  In  a  later  stage  of  the  fermentation 
sulphides  are  formed,  probably  by  reduction  of  aulphates  present  in  the  sea-water, 
and  the  see-weed  blackens  from  formation  of  ferrous  sulphide,  and  this  latter 
disengogea  sulphuretted  hydrogen  by  the  action  of  the  &tty  acida,  whence  the 

n  resnlu  of  the  aaalysia  of  the  diiad 


Carbon.       .       . 

.    3E-1S 

S-2r 

NitK^^n 

.      6-25 

Oxygen.       .       . 
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Ash       .       .       . 

.     16-37 

Attempts  to  isolate  any  definite  principlea  by  the  methods  of  poximBta 
analy^  were  not  very  successful,  and  no  carbohydrate  beyond  cellulose  could  be 
identified. 

Bacteriological  Exanvination. — Considsrahle  difficulty  was  experienced  in 
attempts  to  isolate  the  onanisms  concerned  in  the  putTe&ctive  processes,  and  the 
ordinary  methods  failed  K>r  the  greater  part.  The  evidence  at  present  collected 
points  to  there  being  two  chief  species  concerned.  (1)  A  spore.forming  bacillus 
which  apparently  infests  the  sea- weed  and  causes  the  imyluction  of  fatty  acids  from 
its  tissues  ;  and  (2)  a  second  micro-oiganism,  prolwhly  derived  from  the  mud  of 
the  shore,  which  gives  rise  to  the  formation  of  lul^des  by  a  later  fermentatiTa 
process. 

Ulva  latiasima  in  Selation  to  Sewage  Pollution.— Tha  evidence  tending  to 
prove  that  the  occurrence  of  the  sea-weed  in  quantity  in  any  locality  is  associated 
with  sewage  pollution  is  of  three  kinds. 

(1)  The  Congtoeition  of  iU  Titetiet. — The  amomit  of  nitrc^en  it  craittune  is  hr 
in  excess  of  that  of  any  other  ssa-weed  of  which  analyses  are  recorded.  Itcontaina 
over  e  per  cent.,  and  resembles  in  nitrogen  content  an  animal  product  rallier 
than  a  vegetable.  (Dry  cheese  contidns  aUiut  7,  and  dry  milk  about  fi  per  cent,, 
whareaa  peas  only  contain  about  4  and  meadow  hay  2  per  cent.) 
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(2)  AMimilaiion  E:^erimmtt. — A  frond  of  the  eao-waed  ms  placed  In  Tftrioos 
nuztnres  in  taccwuoD  {a)  of  polluted  Be»-w«ter,   (b)  pollated  sea-water  j>JM 

sewage,  (c)  polluted  sea-witer  with  sewage  and  ammonium  salt,  ((i)  sea-watar 
phii  nitrates.  B;  determinationa  of  free  and  albuminoid  ammonia,  and  nitratet  in 
these  mixtUKB  befoie  and  after  the  sea-weed  had  been  in  contact  with  them,  the 
power  of  asamilatinB;  nitrogen  which  the  weed  pOM^ses  was  aaceitained  and  was 
lonnd  to  be  remarkably  high.  Thus  in  one  experiment  it  absorbed  the  whole  of 
the  frae  ammonia  from  a  polluted  sei^water  containing  OOSU  part  per  lOO-OOO  in 
■BTenteen  hours.  Nitratea  were  also  rapidly  absorbed,  bnt  cot  albuminoid 
tnatters.  The  weed  remained  in  perfect  health  during  these  eiperiments  and  is 
Still  growing,  although  nine  months  have  elapsed  smee  the  experiments  were 


(3)  The  Localitit»  tohere  tUva  lalisBima  aioundt,  and  from  vhiek  it  it 
t«>ttu)%  abieiU. — As  stated  above  the  seai-weed  is  present  in  abundance  in  Bdfast 
LongbrDut  it  is  almost  entiivij  absent  from  Straugford  Lough,  which  is  similar 
in  area  and  in  many  other  respects  to  Belfast  Iiougb,  but  di&ers  from  it  in  not 
being  eztensirely  polluted  bv  sewage.     In  Dublin  Bay  the  sea-weed  is  found  in 

Suantitj  in  the  harbour,  which  is  highly  polluted,  but  not  in  the  sauthem  parts  of 
iie  bay^  which  receive  no  sewage — except  near  Kingstown,  where  a  iaxge  aew*g« 
tank  djscharges  on  the  ebb  tide.    There  the  weed  occurs. 

The  evideace  which  the  authors  have  collected  tends  therefore  to  the  concla- 
•ion  that  the  occurrence  of   Liaa  latitntna  in  quantity  in  a  given  locally  is  ai 


indication  of  sewage  contamination,  and  there  can  be  no  doubt  as  to  the  power 
which  the  weed  possesses  of  absorbing  nitrogen  compounds  from  pollated  aea- 
water,  '^'hile  thus  acting  as  Ecavenger  it  may  itself  give  rise  to  a  veiy  extenmva 
nuisance. 


6.  Germijuuion  qf  th«  Zoospore  in  Laminariacea- 
By  J.  Lloyd  Williams. 

The  toosporecomesto  rest  and  assumes  a  spherical  form.    The  single  chloropUst 
'  ■■     ■  ■  \ttheendorthe 


divides  in  two.  Atube  isproducedand  the  ci  , 

tube  a  swelliog  is  formed,  into  which  all  the  contents  migrate,  and  are  shut  offfrom 
the  empty  spore-case  and  lube  bjj  a  wall.  This  Las  been  wrongly  regarded  by 
Areschong,  in  the  case  of  Dictyosipkon,  as  a  cape  of  seKual  fusion.  In  the  en- 
largement the  chloroplasts  multiply  and  additional  eye-spots  appear  on  several, 
which,  however,  disappear  after  a  few  days.  The  newly  separated  cell  now 
divides  And  forms  a  branched  protoDema-like  structure. 


7.  Professor  Pebct  Qrooh  delivered  a  Lecture  on  Flant-form  in 
B«Iation  to  Nutrition. 


SATVRDXT,  SE?TE3JBER  8. 
The  following  Papers  were  read : — 

L  On  Doubh  FertUisation  in  a  Dicotyledon — Caltha  palnitris.' 
By  Ethel  N.  Tbohas. 

This  research  was  undertaken  at  Miss  Sargaut's  sugf^eslioD,  because  of  the 
extreme  importance  of  the  discovery  of  duuble  fertilisation  iu  MunocotyledoLa 
by  Professor  Nawaschin  and  later  by  Professor  Guignard. 

The  work  was  carried  out  at  the  Royal  Oollege  of  Science,  South  S 
and  among  other  plants  Professor  Farmer  recommended  Cattia  fabatnt, 
'  Published  in  AnndU  t^£otany,  vol  xiv.,  September  1900. 


TBAH9ApnOH3  OP   SECTION  E. 


The  volar  nuclei  of  thu  plant  mtite  before  fertiliwtbn,  bat  that  then  is  no 
■bMlutelT  fixed  period  u  shown  by  the  nrj  di^rant  appeannce  of  sacs  in  which 
polei  fueion  ia  taking  place. 

The  male  generatiTe  nndei,  when  first  eet  free  in  the  embryo  hc,  are  extremely 
tmall  and  heavily  stained.  Their  chromatic  eubataoce  ia  so  densely  aggregated  u 
to  render  the  epermatozoid  to  all  appearance  homugeneoua. 


Of  the  two  sperma  toxoids  one — I  believe  that  which  leaves  the  pollen  tube 

rat — paaaee  to  the  middle  of  the  sac  and  the       

other  fertUises  the  nucleus  of  the  oosphere. 


firat ^passes  to  the  middle  of  the  sac  and  there  ftrtilittt  the  dffinitive  tatctait ;  the 


B^  the  time  the  male  renerative  nuelens  or  spermatozoid  has  reached  the 
defimtive  nucleus,  it  has  enUrged  immensely,  and  shows  a  lisht  spongy  structure 
with  scattered  chromatin  granules.  The  other  apermatozoia,  however,  increasea 
very  little  in  size,  and  always  remains  dsrk  and  dense. 

When  the  spermatoioids  leave  the  pollen  tube  they  are  somewhat  short  and 
thick,  and  only  elightly  curved,  but  when  the  one  has  approached  the  definitive 
nucleus,  it  has  the  typical  vermiform  shape,  with  one  or  several  coils. 

Professor  Nawnscnin  has  recently  puUished  an  account  of  double  fertilisation 
in  DelpAiitium  and  in  two  Composites. 


2.  The  Conducting  Tissues  oj  BryophyUs.     By  A.  G,  Tanblbt. 

The  most  important  part  of  our  present  knowledge  of  these  tisanea  is  due  to 
Hsherlandt,*  who,  in  the  Poljtrichaceu,  dtetinguisbed  a  hadrom  (la/drom)  or  water- 
conducting'  system  frota  a  ieptom,  conducting  plastic,  especially  nitrogenous,  sub- 
Btancee.  In  the  lower  moaes,  only  the  hydrom  is  di^rentiated,  and  in  the 
zerophilous  and  hydrophilons  forms,  in  which  water  is  tsken  in  at  an^  part  of 
the  surface,  even  this  is  absent.  Localisation  of  the  region  of  absorption  is  the 
condition  on  which  the  evolution  of  a  hjdrom  depends. 

In  the  present  inveitigation  the  ligm£ed  strand  of  prosenchyma  in  the  midst  of 
the  thallus  of  certain  Liverworts  (Pallavicinia  Sumpl^ogyna  and  Hym/rrKiphjfUm) 
was  shown  to  be  a  hydrom  strand,  and  its  development  to  be  correlated  to  some 
extent  with  the  localisation  of  the  ahsorptive  region  of  the  thallus. 

The  rhizome  of  four  species  of  Polytrichtim  was  investigsted,  and  in  every  case 
was  found  to  possess  with  striking;  completeness  the  distribution  of  tissues 
characteristic  of  the  root  of  a  vascular  plant.  The  transition  to  the  structure  of 
the  aerial  stem  was  followed,  and  while  the  account  of  the  structure  of  the  latter 

S'  ren  by  previous  observers  was  confirmed  in  most  particulars,  some  new  points  in 
e  structure  and  course  of  the  leaf-traces  were  observed,  and  new  light  was,  it  ia 
hoped,  thrown  on  the  constitution  of  the  Polytrichaceous  stele,  which  is  thought  to 
consist  of  two  regions,  primitively  dietmct  in  function  and  by  descent.  luially, 
an  attempt  baa  been  made  to  trsce  out  the  course  of  evolution  of  theee  conducting 
tissues  in  the  Bryopbytic  series. 


3.  Oft  a  Fourth  Type  of  Transition  from  Stem  to  Rool-structure  occur 
rvig  in  certain  Monocotyledongus  SeecUings.     By  Ethel  Sarqaht. 

The  three  types  of  transition  from  a  stem  to  a  root-structure  described  by 
Professor  Ph.  van  Tieghem  ('  Traits  de  Botanique,'  !fme  Edition,  1891,  p.  782)  axe 
briefly  as  follows  :— 

1.  As  the  n  bundles  of  the  hypocotyledonary  stele  dasiend  mto  the  primary 
root,  the  xylem  of  each  bundle  branches  to  ri^rht  and  left  nt  the  same  time  that 
the  protoxylem  elements  become  external.  The  right-band  branch  from  each 
bundle  unites  with  the  left-hand  branch  of  the  adjacent  one,  so  that  we  still  have 
n  xylem  groups  In  the  roob-stele.  The  n  phloem  groups  descend  in  a  straight 
line  without  branchbg  or  rotation. 

'  Beiirage  lur  AwUotaie  wtd  Pkynoiogit  der  Lattbrnoau,  138G. 
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a.  Then  u%  2n  bnndla  in  tbs  hjpoco^L  Aa  ibaj  descend  into  the  loot  Mtch 
tnndle  rotatoi  on  ita  Kzia  in  auch  a  ymj  that  the  phloem  groups  m  kbla  to  mite 
in  pMn.  The  xjlem  gKWpe  tHao  <ULit«  in  pairs,  the  protozjlem  elameiita  hecoming 
extoiuJ  u  they  do  ao.  Thua  there  are  n  phloem  and  n  xjlena  gniape  in  the 
loot'B^e. 

S.  ^Riere  are  n  bimdlea  in  the  hypocotyl  aa  in  type  1,  but  in  thia  caae  each  of 
the  phloem  groups  dividea  into  two  without  rotation.  The  hiaoches  &Din  adjit* 
cent  bundles  unite  in  pairs,  ao  that  we  atill  have  » i^oem  grouiw  in  the  stekk 
Meanwhile  each  of  the  xylem  groups  haa  rotated  on  ita  axia  witnant  branching, 
Thufl  the  n  xylem  groups  are  all  external. 

It  ia  clear  that  type  3  ie  the  conTene  of  type  1. 

Among  the  monocotyledouoiu  aeedlinga  whi«^  I  have  examined  I  find  a 
fourth  type  of  tnnaition,  which  is  the  converse  of  type  '2.  The  beat  example  ia 
Anmiarrkena  atphodeloidti,  but  there  are  very  clear  iracee  of  the  aame  atructura 
in  the  allied  genera  Atphodelut  and  Atjihodtline. 

The  type  may  be  thua  detined : — 

4.  There  are  n  bundles  in  the  hypoootyl.  As  they  descend  into  the  p 
r-ot  the  phloem  of  each  divides  into  two  groups  witbout  rotation  or  hum 
fnrion.  Thus  there  are  2n  phloem  groups  in  the  root«tele.  The  xylem  of  each 
bundle  branches  in  two  or  more  directions,  while  the  protoxylem  elements  bec(»aa 
external.  If  more  then  2«  xylem  groups  have  been  thus  formed,  adjacent  groapa 
fuse  in  pairs,  so  that  odIt  2n  ^lem  groups  enter  the  roat-et^e. 

In  AnemarThena  asphodeloida  there  ate  two  bundles  in  the  cotyledon  wUdi 
pass  downwards  through  the  hypocot;!  into  the  primary  root.  During  the  txane- 
ition  each  phloem  group  divides  into  two.  Each  xylem  group  branehea  in  three 
directions.  It  sends  a  group  of  protoxylem  elements  to  divide  ita  own  two  [diloem 
KTonpa  from  each  other.  This  we  may  call  the  median  protoxylem  group.  Two 
lateral  protoxylem  groups  are  also  formed  from  the  xylem  of  each  bundle  in  the 
space  dividing  the  bundles  from  each  other.  The  four  lateral  protoxylem  mop* 
thua  formed  are  reduced  to  two  by  the  fuaion  of  adjacent  groups  in  pairs.  In  the 
end  there  are  four  phloem  groups  and  four  protoxylem  groups  in  the  root-etale. 


4.  The  Origin  of  Modem  Cycade.     By  W.  C.  WoHaDBLL,  F.L^. 

The  subject  ia  treated  from  the  aspect  of  the  vegetative  structure. 

An  exhaustive  study  of  the  vegetative  characters  enables  one  to  draw  theo- 
retical conclusions  as  to  the  origin  of  modem  Cyceds. 

This  conclusion  is  that  the  latter  have  descended  directly  from  some  Qyeado* 
fllif^nean  type  possessing  the  structure  exhibited  especially  by  such  forms  as  the 
Medullosffi  and  Lyginadendrea;,  the  chief  point  being  that  the  collaterallT  con- 
structed one  or  more  vascular  cylinders  of  modern  Cjcads  have  been  derived  from 
one  or  more  concentrically  constructed  cylinders  of  some  Cycado-filicinean  form. 

Those  characters  in  the  modem  plants  which  approximate  most  nearly  to  the 
primitive  ancestral  type  are  found  in  those  parts  of  the  plant  where  they  would 
moat  naturally  be  expected,  vii. : — 

Of  luiaJorgana:  the  primary  node  or  trassitional  region  between  atom  and 
root,  and  the  Jlovxring  axis ;  of  foliar  organs :  the  cotyUdon,  the  tporophyll,  and 
the  integument  of  the  sporangium. 

In  the  axial  organs  or  stems  of  modem  Cycada  the  vaacular  tiasue  conaists  of, 
in  five  genera,  a  single  cylinder;  in  the  four  remaining  genera,  of  mors  tha»<Meor 
teeeral  a/linderi.     These  cylinders  are  collateral  in  etructnre. 

In  the  region  of  the  primary  node,  however,  the  structure  of  the  one  or  more 
out«r  cylinders  exhibits  a  variation  in  that  it  approximatee  to  the  ooncentrtc  type, 
either  by  the  appearance  of  an  inrierady-orientated  xone  attached  to  the  Mfur  face 
of  each  cylinder,  or  by  the  breaking  up  of  the  cylinder  into  a  number  of  ameat^rie 
or  partially  concentric  independent  strands. 

The  first  of  these  two  types  of  prtmetr  nodal  structure  is  normally  charae- 
tariatic  of  MedUlloia  porota,  tbe  second  of  MeduUota  Bohuii. 
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Id  the  pedtmcle  of  the  male  cona  of  Stangeria  the  single  cylinder  connsts  in 
its  lower  portdon  of  bundles  which,  bj  their  irregularly  curved,  gub-CODCenliic,  or 
BometimBa  perfectly  amcentrie  contour,  betray  their  derivatioii  from  t,  cylinder  of 
concentric  ttramb  like  that  of  Medulioia  Sohntii. 

The  primitive  TsecuUr  bundle  of  the  fbUar  onguia  from  which  thst  in  bU  the 
TariouB  foliar  organs  of  modem  Cycads  has  been  derived  is,  on  the  view  here  set 
forth,  held  to  be  the  type  exhibit^  by  the  leaf  of  Lyginodendron  (BochiopteriH) : 
it  consists  of  a  central  maae  of  primary  tracheidee  with  sereial  protoxylem-gronps 
at  the  periphery,  the  whole  being  surrounded  by  phloem. 

In  thsfoliage-leaoes  of  modern  Cycads  the  concentric  bnndle  becomes  broken 
ap  into  great  numbers  of  collateral  bundles,  each  with  a  eonepicuoue  mass  of 
centripetal  primary  tracheidcB.  Tliis  very  snme  character  obtains  in  the  foliage* 
leavee  of  all  species  of  Mfduilota. 

In  the  cotyledoru,  tporopkylU,  and  tporangial  integmnentt  of  recent  Crcads 
many  of  the  baudles  exhibit  the  primitive  concentric  type  of  Htmcture,  with  the 
modification  that  in  tbe  cotyledon  of  Stangeria,  the  reduction  in  site  of  the 
bundle,  in  the  sporophyll,  as  in  Eiicephalortoi,  the  development  of  the  secondary 
centrifugal  xylem  has  caused  the  disappearance  of  the  central  primary  xyiem ;  » 
modification  which  has  also  supervened  in  the  case  of  the  vascular  strands  of  the 
stem,  Hence  the  vascular  structure  of  the /otiii7i>-Z«at>e«  of  tho  Medulhtea  is  mora 
advanced  and  moditied  than  is  that  of  the  cotyledont  and  eporvpkylU  of  recent 
Cycads,  and  i  fortiori  than  that  of  the  foiiage-Ieaf  of  Li/ffinodendron. 

The  central  cylinder  of  the  stem  of  Lygi«odendnm  Otdhamiiem  has  the  same 
origin  OS  that  of  modem  Cycads,  as  ia  shown  (1)  by  tbe  curved  contour  of  the 
various  strands  composing  it,  betraying  the  origin  of  each  from  a  ctmcentTic  atrand ; 
and  (2)  by  tbe  occurrence  of  invertely-crientated  vascular  tissue  on  the  iantr  side 
of  tbe  cylinder,  abnormally  in  L.  Otdhamium  and  normatb/  in  L.  Tobuttum. 

Tbe  single  stele  of  Hetrrangiian  is,  homologous  with  es>ch  single  concentric  stela 
once,  on  this  view,  composing  the  cylinder  ot  JA/ginodendron,  v»  "wi^h  eftch  such 
■tele  in  Medulloea  Solmtii  and  M.  anglica. 

Three  stages  of  advancement  are,  therefore,  to  be  not«d  in  the  vaacnlai  stmo- 
ture  of  this  great  phylum : — 

The  Filtcee  possess  a  vasctdar  system  in  essentials  wholly  concentric ;  in  tbe 
Cyeado-JUiee$  the  collateral  character  first  makes  its  appearance ;  in  Cyeada  the 
collateral  strongly  predominates,  while  the  cfmcentric  has  almost  died  out. 


6.  On  the  Sli'Uctwe  of  the  Stem  of  Angiopteris  evecta,  Soffm. 
By  R.  F.  SuovB,  Girton  College,  Cambridge. 

This  paper  deals  with  the  anatomy  of  the  stem  and  roots  of  a  plant  of 
Angiopteris  evecta  from  Ceylon.  The  older  part  of  the  obiiq^uely  ascending  axis 
exhibits  a  distinct  dorsiventralitv  and  f^ves  off  numerous  roots  from  the  lower 
surface;  in  tbe  younger  part  of  uie  stem  the  structure  becomes  more  radial  and 
tbe  root«  are  much  less  abundant. 

Tbe  mode  of  origin  of  the  leaf-traces  and  their  connection  with  tbe  stelar  frame- 
work in  the  stem,  which  has  the  form  of  a  series  of  inverted  funnel-shaped  zones,  ia 
worked  out  in  detail,  the  result  in  a  few  points  differing  somewhat  from  those 
obtained  by  Metteniua. 

The  steles  of  the  stem  are  both  mesarch  and  endarch  in  structure,  but  the 
protoxylem  groups  occupy  for  the  most  part  a  peripheral  position.  The  earliest 
protoiylem  appears  along  the  inner  edge  of  the  steles,  while  the  protophloem  arises 
(in  the  outer  edge  of  each  stele  as  a  discontinuous  are  of  small  and  rather  thick- 
waDed  elements.  This  arc  of  protophloem  is  never  completed  round  the  stele,  but 
the  next  stage  in  the  development  of  the  tissues  after  the  appearance  of  tbe  pro- 
toxylem is  the  differentiation  of  large  sieve-tubes  external  to  the  protophloem. 

Air-roots  and  earth-roots  were  anatomically  investigated,  and  tbe  origin  of  the 
latter  was  traced  from  the  vascular  lattice-worlc  of  the  atem.  Serenl  initial  cells 
were  recognised  in  the  apical  region  of  the  stem. 
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1,  A  Joint  BlBcusaion  with  Section  C  was  held  on  the  Conditions 
under  which  the  Plants  of  the  Coal  Period  grew.— See  p.  746. 


The  following  Papers  were  read : — 

2.  Further  Invealigationa  on  the  Intumescetmes  q/"  Hibiscus 

vitifoliuB  {Linn.).     By  Elisubbth  Dale. 

The  author  pTBTioaBly  examined  the  atmcture  of  certain  intumeBceiicei  (oat- 

growthi)  on  the  green  parts  of  H^Ktu  viUfoliut,  and  made  some  pralimiDur 

experimentti  which  pointed  to  the  conclusion  that  the  conditions  determining  the 

formation  of  outgrowths  were  moieturs,  warmth,  and  liffht.' 

During  the  present  summer  (1000)  the  eKperimentsliave  been  extended.  The 
efTectaof  moist  air  and  moist  soil  were  tested,  and  plants  were  also  grown  under 
glass  of  various  colours,  in  bright  sunlight,  in  slutde,  and  under  whitewashed 
glass  at  different  temperatureB,  The  flowing  results  were  obtained.  In  a 
'  mobt  atmo*plt«re,  bright  sunlight,  and  a  high  temperature,  la^e  numbers  of 
intumescences  were  formed  in  two  or  three  da;s.  The  most  striking  resulla  were 
obtained  by  isolating  a  single  noimal  branch  (stiU  attached  to  the  plant)  in  a 
beU^ar  containing  damp  air,  and  exposed  to  direct  sunlight,  in  verf  hot  weather. 

Oubpvwths  were  also  formed  under  red,  yellow,  and  whitewuhed  glass,  bat 
not  under  blue  or  green  glass,  nor  on  plants  grown  in  the  open  air.  The  distii' 
bution  of  the  outgrowths  is  dependent  upon  that  of  the  stomata,  bath  in  Mibitaa 
and  also  in  other  plants.    There  is  no  doabt  that  the  checking  of  transpiration 

S which  is  very  active  io  this  plant)  by  a  damp  atmosphere  is  one  cause  of  tha 
levetopment  of  outgrowths ;  but  this  by  itself  is  not  sufficient,  as  the  experiiMnts 
under  blue  and  graeu  glass  show.  It  is  necessary  that  assimilation  also  be  active. 
There  is  farther  evidence  (partly  furnished  by  the  plants  grown  under  coloured 
glass)  that  an  altered  course  of  metabolism  is  also  involved ;  a  conclnaiou  to  which 
the  abnonnaLly  abundaut  development  of  oil  also  points.  It  seems  clear  that  what 
occurs  is  (1)  a  lack  of  salts  owing  to  the  arreeted  transpiration ;  (2)  the  aaaimilated 
carbohydrates  are  therefore  being  employed  in  metabolism  with  a  dsfio^y  of 
nitrates;  and  (3)  the  titsnes  blocked  with  water  are  not  reepiring  normallj.  That 
the  abnormal  outgrowths  and  accumulation  of  oil  are  indications  of  the  diatorbed 
metabolism  is  not  surprisiog. 

The  formation  of  outgrowths  often  begins  round  the  t«eth  of  the  leftf.  ^e 
atmctare  of  the  bundle-oudings  in  the  teeth  of  a  normal  leaf  is  tliat  which 
characterises  water-glands ;  and  this  fact,  taken  in  connection  with  the  podticai 
and  structure  of  the  intumescences,  auggesta  that  they  may  be  organs  ibr  the 
excretion  of  water. 


3.  On  the  Oimolie  Propertiea  and  their  Cauiet  in  the  Living  Plant  and 
Animal  CHI.  By  Professor  E.  F.  Oterton. 
A  very  great  number  of  experiments  on  the  permeability  of  the  living  proto- 
plasm of  plant  and  animal  cells  has  led  to  the  conclusion  that  the  general  oomotic 
properties  of  the  cell  depend  on  a  phenomenon  of  elective  solubiUty,  certain  layers 
of  protoplasm  being  impregnated  with  a  mixture  of  lecithin  and  diolesterin.  All 
substances  that  are  soluble  in  this  mixture,  and  they  include  by  fsr  the  greatw 
number  of  organic  compounds,  are  able  to  penetrate  into  the  living  cell,  lbs 
rapidity  of  the  passage  of  different  compounds  into  the  cell  depends  on  their  rda- 

■  E.  Dale,  'On  certain  Outgrowths  (Intumescences)  ( 
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tive  loliibilitj  io  wktor  and  in  a  miztnre  of  cholMterin  and  IscitUn.  A  1 
ledge  of  the  OBmotie  properties  of  the  Uiing  protoplasm  throws  much  light  o: 
action  of  maiijr  poitons  nod  other  drag*. 


4.  The  Biology  and  Cytology  of  a  Kew  Speeiea  of  Pythiwm. 
By  Professor  A.  H.  Thow. 
*      1.  The  repTodncttve  organs  of  this  fungus, '  conidia '  and  oospores,  wero  ibund 
in  rotten  cress  seedlings  in  July  1899,  and  the  species  has  been  cultivated  as  a 
saprophyte  on  sterilised  potatoes,  house-flies,  cabbage  leaves,  &c.,  up  to  the 
present  time  (September  1900). 

3.  The  species  appeus  to  be  a  pure  saprophyte,  all  attempts  to  infect  fresh 
dees  seedlings  having  hitherto  failed. 

3.  Pure  coltores  were  obtunad  by  infectiiig  sterilised  potatoes  with  materials 
obtained  from  oultoru  on  rhabarb  leaves. 

A.  On  potatoM  an  aerial  mycelium  is  freely  developed,  which  remains  sterile 
for  weelcs.  Conidia  and  oospores  ultimately  develop  in  nnmbei's,  Iheir  ^tence 
being  readily  recognised  by  their  yellow  colour. 

6.  On  house-flies  or  bits  of  cabbage  leaves  immersed  in  water  the  mycelium  is 
aquatic,  and,  as  a  rule,  that  develop  on  house-flies  produces  conidia,  that  on 
cabbage  leaves  oospores. 

6.  Ibe  life  histo^  has  been  carefully  followed  under  tlie  mierosct^  in  moist- 
chamber  cultures.    It  b  noteworthy — 

(a)  That  De  Bary  erred  in  including  the  greater  portion  of  the  periplasm  in 
the  MMphere. 

(A)  That  there  is  no  sharp  line  of  differentiation  between  periplasm  and 
gonoplasm  in  the  antheridium. 

(e)  That  most  of  the  periplasm  is  absorbed  by  the  young  oospore,  which  in 
consequence  increases  in  size. 

(f!)  That  the  conidia  and  oospores  on  germination  invariably  produce  germ 
tubes,  no  zoospores  being  formed  under  any  circumstances. 

(s)  That  the  conidia  germinate  at  once  in  a  decoction  of  cabbage  leaves,  but 
lemam  at  rest  in  distilled  water ;  that  the  oospores  germinate  at  once,  as  soon  as 
ripe,  or  after  a  rest  of  sa  much  as  seven  months. 

7.  The  species  is  conaequently  new  and  ranks  as  the  most  highly  developed  of 
the  genus. 

8.  The  mycelium  '  conidia,'  oogonia,  and  antheridia  are  multinucleate,  the 
oosphere  is  uninucleate,  the  yoiu^  oospore  binucleate,  and  the  ripe  oospore  uninu- 

9.  The  nuclei  multiply  by  indirect  diviuon  in  the  mycelium  and  sexual  organs. 
No  nuclear  chanses  of  importance  take  place  in  the  '  conidia.'  The  only  nuclear 
fusion  is  that  of  the  male  and  female  nuclei  in  fertilisation.  The  number  of 
chromosomes  is  con^dersible,  certainly  more  than  six. 

10.  The  oogonium,  as  it  is  formed,  receives  fifteen  or  more  nnda,  the 
antheridium  three  or  more.  These  invariably  divide  once,  so  that  the  number  of 
nuclei  is  doubled.  The  supernumerary  nuclei  in  the  oogonium  lie  in  the  periplasm, 
the  female  nucleus  passes  to  and  occupies  the  centre  of  the  oosphere.  No  similar 
distribution  of  the  nuclei  takes  place  in  the  antheridium. 

11.  The  feitilisstiou  tube  penetraties  the  wall  of  the  oogonium  at  a  spot  pre- 
pared for  it,  passes  through  the  periplasm,  and  penetrates  deeply  into  the  egg. 
One  male  nucleus  passes  down  the  tube  and  enters  the  egg.  The  oosphere  clothes 
itself  with  a  delixate  cell-wall  and  ir -"-  ■-  -■-" 


12.  The  fusion  of  the  male  and  female  nuclei  is  delayed  until  a  thick  oospore 
'wall  has  developed.    No  epispore  is  formed. 

13.  The  fate  of  the  nucleus  in  the  germinaticg  oospore  has  not  yet  been 
followed.    In  the  conidia  nuclear  diviuons  occur  as  germination  proceeds. 
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5,  Obtervatioru  on  Pythinm,    Sy  G.  Poibault  and  E.  J.  Bdtlee. 

The  ^Diu  is  of  wide  dutribution,  lieiag  found  chiefly  in  the  soil,  but  also  in 
inter.  Seven  special  were  examined,  two  being  undescribed  forms.  Two  other*, 
P.  graciU,  Schenk,  and  P.  intenoedtum,  formed  sezu&l  orgvis  hitherto  unknown 
in  theee  tpedes.  Thej  are  both  pAnsitaB,  the  former  in  green  ilga,  the  Utter  la 
the  Toota  of  a  number  of  phaaerogkms,  and  are  also  both  capable  of  uprophjtic 
life.  AJl  forms  are  able  to  form  Bporanre*  and  k<*iu^^  eome  giving  one  aort  of 
■pore  more  readily  than  Qui  other.  KLeu'e  result*  on  the  de^ndeneo  of  epore-* 
Ibmation  in  Si^oleffrtia  on  external  ciTCamstsncae  were  carried  a  step  further, 
it  being  shown  that  a  ttiven  spore  could  be  induced  to  give  Eoospores  or  vegotatiTe 
hjphn  on  appropnate  tToatment. 

The  prooese  of  znospora-formation  differs  considerably  from  that  deseiibed  by 
previous  antbora,  being  closely  comparable  to  that  of  the  Saprolefftiiactm.  A 
vacuole  is  formed  in  Uie  discliarging  process,  probably  containing  a  oelluloee- 
altering  emyme  and  some  chemiotactic  substance  whose  function  it  is  to  dnw  out 
the  protoplasm  from  the  sporange  into  the  spore  vesicle.  Tbe  ripe  sporange  also 
contains  a  motile  vacuole  which  discharges  to  the  eit«rior  just  before  the  eeeape 
of  the  protoplasm.  Septa  are  formed  in  all  spHcies.  i^fAium  represents  a  staf^ 
in  the  colonisatioa  of  the  land  by  sapTole^placeous  ancestors  resembling  Apha»e- 

Sees.     It   is   cloielf  Unked  to  the  PeTonosporacea^   through  P.   intentCedium, 
ich  possesses  chuus  of  gonidia,  suckers,  and  a  thick-walled  resting  mycelium. 


6.  Obiervalions  on  some  Cfaytridmeffi.   By  G.  Foirault  and  E.  J.  Btttles. 

Four  undescribed  forma  occur  parasitic  on  PyOdum.  Their  life  lustory  hat 
been  worked  out. 

Chytridium  gregarium,  Nowakowski,  was  found  on  the  eggs  of  the  rotifer 
Metopidia  lepadella.     The  unknown  resting  spores  were  discovered. 

Two  obs^rations  were  made  on  Oipidtopsix  saproUgnite.  The  infection  \akft 
place  in  the  zoospore  stage  of  Saprol^pia,  and  is  often  multiple.  Penetration 
takes  place  by  a  tine  tube  through  which  the  protoplasm  of  the  parasitic  zoospore 
enters  the  boat,  leaving  behind  an  empty  capiule. 

A  sort  of  diplanetism  occurs  in  Olpidiopsis,  the  zoospore  shedding  its  two  cilia, 
altering  shape  and  acquiring  two  new  cilia  one  after  the  other. 

The  work  was  carried  out  chiefiy  at  the  Villa  Thuret,  .\ntiboa. 


"t.  On  the  Asygotpore*  of  Entomophthora  glceospora. 
By  I^fesBor  P.  Vuillemin. 

The  genus  ^n/omopAf^oro,  as  seen  inthetwospeeiesf.  Z'e/^'nitinaand^^/izo' 
^pora,  shows  an  intermediate  condition  between  Bmidiaboha,'wti^i  iM  uninucleated 
s^mentB,  and  Bmptcsa,  with  its  continuous  byphie  with  scattered  nuclei ;  for  in 
^UomopAtAora  the  nuclei  are  large,  and  arranged  at  T«gular  intervals  in  a  single 
row.  This  state  of  thinffS  hid  led  me  to  regard  the  non-septate  conditron  as 
arising  from  the  failure  to  develop  septa  for  the  delimitation  of  the  cytoplasmic 
areas  of  the  individual  nuclei  reeulting  Irom  the  division  of  a  parent  nucleus,  and 
to  describe  the  condition  as  'apocytial,*  and  the  multinucleate  mass  of  protoplssm 
ao  formed  as  an  '  apocyte '  or  '  apoeytium.'  An  examination  of  the  resting-eporea 
aloDe  found  in  Bnfomophthora  has  revealed  the  following  hiatory  of  thpir  formatjon. 
litey  may  be  terminal,  lateral,  or  intercalary,  and  in  the  Jimbs  of  MyrxlophUa  these 
spores  may  be  found  of  all  sges,  and  arranged  in  basipetal  succession  of  age,  ae 
ahown  by  the  increasing  thickening  of  the  wall  from  075;i  to  4ji,  or  even  G'6ji, 

The  yonngest  spores  contain  a  single  nticleos,  which  undergoes  a  series  of  four 
successive  binary  divisions  until  there  ore  16 ;  however,  there  may  be  irregularities 
•o  that  the  number  may  fall  as  low  as  12,  and  in  one  case  I  hare  counted 
as  many  as  17.  In  the  next  eta^e  the  nuclei  approach  so  as  to  form  eight  pain, 
and  the  two  nuclei  of  each  pair  then  fuse :  this  fusion  is  repeated  until  at  length 


TRANSACnONS  OF  SECnON  K.  943 

tliere  m  only  two  left.  Th«M  lut  two  maj  than  fiue  at  once,  so  aa  to  leave  tha 
now  mKtoring  zyffoe^te  with  a  single  nncleus,  or  they  maj  Temaiii  apart.  Tha 
last  atagea  of  maturation  are  acoompanied  by  the  appearance  of  oil  drops  in  the 
cytoplaam,  which  Aise  towards  its  centre  into  a  nngle  large  drop,  redncing  the 
protoplasmic  contents  of  the  spore  to  a  peripheral  envelope,  with  one  or  two 
parietal  nuclei,  as  the  case  may  be. 

I  can  only  interpret  this  formation  as  a  ease  of  true  apogamy,  and  attribute 
to  the  process  a  value  corresponding  with  the  sexual  process  of  Batidiobolut,  since 
they  both  have  the  aame  startinfr-point,  the  same  intermediate  stage  of  nuclear 
diTUion,  and  the  mme  final  nuclear  fusion. 


8.  On  the  lAfs  Hittoty  0/ AcrMpeira  mir&bilia  (Bark,  and  Br.). 
By'R.K.  Birns. 

Loose  brown  masses  of  the  sponH  of  this  fungus  are  oeeaMonally  found  in 
Spanish  chestnuts.  These  spores  are  developed  ftom  the  spicee  of  hypbn  coiled 
into  a  spiral  of,  at  the  roost,  two  turns,  which  becomes  septate  into  three  cells; 
fte  cell  next  below  the  apical  one  swells  and  becomee  thiet-walled,  thus  forming 
s  cUamydespore.  The  coiled  hypha  may  also  develop  into  a  spiral  resembling 
-'  '  "      ■■    !,  which,     "     "        - "— "■ "^ ■      '-- 


the  aacogoaium  of  Simlttim,  wbich,  after  investment  by  branches  arising  from 
its  apex,  breaks  down  into  cblam^doapores.  In  this  way  bodies  very  sui^gestive 
of  the  spore-masses  of  some  of  the  ustilagineee  are  formed.  Endoconidia  are  found 
in  old  cultures.  Some  evidence  has  also  been  obtained  for  the  euetence  of  aa 
aacigerous  stage. 


TUESDAY,  SEPTEMBER  11. 

The  following  Papers  were  read  :— 
1,  Embryonic  Tisgues.     By  Profeaaor  Mabshall  Wabd,  F.R.S. 

I  would  submit  for  digcussioii  whether  we  could  not  improve  our  terminolo^ 
and  teaching  regarding  the  nature  and  growth  of  the  tissues  termed  embryonic. 
As  is  well  loiown,  Sacbs  and  thoee  wlinni  he  has  influenced  term  all  the  tissues 
of  the  growing  points,  cSimbium,  pericycle,  &C  ,  embryonic  tissues ;  but  I  want  to 
point  out  that  this  term  in  its  simple  form  should  be  reserved  for  tiie  embryo  alone. 
OnW-  while  the  embryo  consists  of  a  few  cells  can  we  regard  these  cells  as 
embryonic  tissues  in  the  sense  that  all  are  nearly  alike;  at  a  later  stage  the 
tiMues  of  the  growing  points  of  stem  and  root  have  been  derived  from  this 
ambryonic  tissue,  and  in  any  cose  differ  normally  from  it  in  that  instead  of  being 
capable  of  developing  all  or  any  parts  of  tbe  plant,  they  are  more  and  more 
restricted  to  the  power  of  developing  only  shoots,  leaves,  £e.,  or  only  roots.  Still 
more  limited  is  the  power  of  the  cainbium :  it  is  normally  confined  to  developing 
new  lylem  and  phloem— not  even  new  organs— and  Mmilarly  with  other  so-called 
embryonic  tissues  of  subsequent  derivation.  In  view  of  such  facta,  and  of  others 
which  we  can  all  supply,  I  would  suggest  that  werestriet  the  tiwmem^ryontc^tMtri*, 
or  primary  embryonic  timue,  to  that  of  the  embryo  only,  before  the  deemogen 
strands  are  laid  down,  and  speak  of  till  other  tissues  as  derived  or  leaondary  iimua. 
Thus  the  derived  tissues  of  the  growing  points — capable  of  initiating  organsss  well 
as  tissues — might  be  termed  ncondan/  embryonic  tissue,  and  the  cambinni,  £c., 
restricted  embivonic  tissues. 

The  fact  that  such  tissues  retain  sufficient  of  their  primary  properties  to 
develop  whole  organs,  shoots,  roots,  &c.,  under  modiGed  or  aboormal  conditions 
does  not  invalidate  the  distinctioos  referred  to,  and  further  clossiii cation  and  sub- 
divisions along  these  lines  could  be  made  to  meet  the  nt>cessitiee  of  such  cssee  as 
detmogen  (capable  of  laying  down  proto-xylem,  &c.)  and  cawintmt  (capable  of 
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fonoing  gacondaiT  xvlem  and  phloem  only),  which  seem  to  me  still  too  Taguelj  d»- 
flnsd  in  our  text-booKB. 

Snch  a  cUwification  would  also  spplj  to  lower  organums.  Indeed,  1117  atten- 
tion  was  fiiBt  drawn  to  the  matter  by  the  observation  that  some  alg»  and  schiio- 
myceteg  appear  to  be  always  in  the  embiyonie  stage. 

This  buifrs  ue  to  a  second  point.  Attention  it  now  always  dnwn  to  the 
di^rencee  between  the  alow  dimensional  gcowth  of  the  so-called  embryonic  tismes 
uf  the  growing  points  and  the  stretehing  pbaae  which  Sachs  called  to  our  notieB. 
But  it  seems  to  me  we  aught  to  recognise  that  we  have  two  fiindameDtally 
different  things  here.  It  is,  I  diink,  hopeless  to  restrict  the  meaning  of  the  woid 
'gTowtb'(asuDdetetoodb;botaDiBts)cDlTto  that  mode  of  dimenHODsl  increase  by  the 
intersusception  of  solid  particles  in  the  non-vacuolated  protoplasm  of  the  true 
embryonic  tissue  of  an  embryo,  and  which  implies  a  real  gain  in  substance  by  the 
assimilatton — in  the  sense  of  the  word  employed  by  animsl  physiologists — of  food- 
materials.  Tet  this  is  real  growth.  The  word 'growth,' as  understood  by  botanists, 
refers  almost  exclufflvoly  to  the  possibly  totally  difierent  dimensional  increase 
implied  in  the  extension  of  cells  under  pressure  of  vacuoles,  and,  taking  into 
account  the  rwpiratory  activity  which  prevails,  is  attended  by  loss  of  sabetanee. 

I  would  therefore  suggest  that  we  should  distinguish  the  attmitatory  ffroKtk  d 
true  embryonic  tJBSue  from  the  vocuolar  growth  of  the  derived  tissues.  This  caa 
easilvbedone  now  that  we  are  beginning  to  discard  the  misleading  phrase  '  carbon 
dioxide  assimilation '  in  favour  of  some  such  term  as  '  photo-s^nthesia.' 

Here,  again,  clearness  is,  I  think,  attained  by  the  change  in  the  consideration  of 
those  algsB  and  schiiophytM  in  which  no  vacuoles  can  be  detected.  It  would  be 
absurd  to  say  they  do  not  grow ;  but  it  saeme  pretty  clear  that  they  grow  by 
attimxiatory  growth  and  not  by  aacuolar  ffroivth  or  extension.  At  the  same 
time  we  must  not  forget  that  inrislble  vacuoles  may  exist  in  the  meshes  of  proto- 
plasm, though  even  if  this  be  so  it  is  difficult  to  see  bow  the  protoplasm  m  the 
trabecule  between  grows  if  not  by  the  intercalation  of  solid  molecular  units. 

2.  The  Behaviour  of  the  Nucleolut  during  KaryoHnetis  in  the  Root 
Apex  of  Fha^eolus.     B>/  Harold  Waobh, 

From  a  study  of  the  changes  undergone  by  the  nucleolus  daring  karyokinecu 
io  cells  of  the  root  apex  of  Phateohit  multi/lorut  the  following  chief  results  have 
been  obtained. 

1.  The  nucleolus  is  the  most  codsiocuoub  object  in  the  nucleus  of  the  young 
meristemattc  cells.  The  nuclear  network  forms  a  delicate  peripheral  layer  only 
in  the  resting  nucleus. 

2.  The  nucleolus  stains  deeply  in  bramatoxylin,  the  nuclear  network  slightly ; 
in  safranin  and  gentian  violet  the  nucleolus  stains  red,  the  nuclear  network  li^t 
blue ;  in  gentian  violet  the  nucleolus  often  shows  a  more  deeply  stained  central 

3.  In  the  resting  condition  of  the  nucleus  the  nucleolus  is  suspended  to  the 
delicato  nnclear  network  by  delicate  filaments. 

4.  The  nucleolus  often  shows  a  vacuolar  structure,  especially  in  the  stage  Just 
previous  to  divtaloc. 

5.  In  the  process  of  nuclear  division  the  nucleolus  first  of  all  becomes  irregular 
in  shape,  and  the  nucleolar  substance  appears  to  ^aea,  by  means  of  the  connecting 
strands,  into  the  nuclear  networic,  wbicli  thereby  becomes  more  prominent. 

6.  As  the  chromosomeH  are  formed  the  nucleolus  disappears,  but  a  portion  of 
the  nucleolus  is  often  visible  in  the  equatorial  plate. 

7.  The  chromatic  substance  of  the  chromosomes  appears  to  be  derived  almost 
entirely  from  the  nucleolus,  but  a  psrc  of  the  nucleolus  may  possibly  be  used  up  in 
the  formation  of  the  spindle  0bres. 

8.  As  the  daughter  nuclei  are  being  formed  the  chromatic  substance  of  the 
chromoaomeB  runs  together  into  small  spheres,  which  ultimately  fuse  together  to 
form  the  single  large  nucleolus. 
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3.  On  iJte  Preaenee  o/Swd-like  Organs  in  oerlam  Polaoxoio  Lyeopodt. 
By  D.  H.  Scott,  F.B.S. 

Specimena  discoTeied  b;  MeMrs.  Wild  and  Lonuix  ia  the  Osnistw  beds  of  the 
Lower  Ooal-meuuiea  of  Laoculiire  prove  that  the  seed-like  bodies  described  b* 
Williumon  onder  the  name  of  Caraiocarpon  anomalum  were  borne  on  strobili, 
Igieeiiiff  completely  in  morphology  and  anatomy  with  LepidoMtrobus. 

'^itti  me^^porattgiam,  whicb,  as  usual  in  I«ptdodendraa,  was  8Hat«d  on  the 
npper  surface  oi  the  sporophjU,  became  enclosed,  when  mature,  in  aa  iotegument 
nnnging  frotu  the  tissue  of  the  eporophvU-pedicel.  The  integument  closed  in  ore( 
the  too  of  the  sporancium,  leaving  orij  a  narrow  crevice  or  microp^le,  which 
difierea  in  its  elongated,  alit-lihe  form  from  the  more  or  lesa  tubular  nucropjie  of 
an  ordinaiy  eeed. 

Within  the  megaaporangium  four  m»asporea  were  produced,  one  of  which 
oecupied  almoat  the  whole  of  the  sporangia!  cavitj,  while  the  other  three  remained 
small,  and  were  evidenitj  abortive. 

The  integumentod  megasporanginm,  containing  the  single  faactional  megaspore 
or  embryo-sac,  became  detached,  together  with  the  remains  of  ita  sporopbyU,  Aom 
the  cone.  It  appears  to  have  been  indehiacent,  and  preeenta  close  analogiee  with  a 
true  seed. 

Id  a  specimen  from  BumlislaDd,  pTBctically  identical  with  the  Coal-meaeure 
form,  tliougb  preaumably  of  a  different  species,  the  protballua  was  found  fairly 
prewrved.  It  formed  a  large-celled  tisnie,  occupying  the  interior  of  the  functional 
megaapore. 

In  a  male  etrobUus,  probably  of  the  same  species  as  the  Coal-measure  apeclmeDi 
above  described,  the  microsporangia  were  found  to  be  provided  with  integuments, 
resembliog  those  of  the  megasporangia  but  more  widely  open- 
It  is  proposed  to  give  the  ^reneric  name  Lepidocarpan  to  the  Lepidostroboid 
fhictificatian  now  described.'  Though  its  se^-lihe  reproductive  DodJes  were 
referred  to  Cardioearpan  by  Williamson,  tiiey  have  no  attiai^  with  the  Cordaiteaa 
seeds  ooDstitutinaf  the  genus  Cardioearpon  of  K'ODgniart,  to  which  the  true 
C.  animtalum  of  Oanuthers  belongs. 


4.  The  Primary  Struelure  of  certain  Palaomie  Sietru  re/erreii  to 
Araucarioxylon.     Sy  D.  H.  Soott,  F.K.S. 

The  chief  object  of  the  present  communication  ia  to  exhibit  some  illustratiana 
of  &cts  already  briefly  recorded  elsewhere.* 

The  irenus  Araucarioxylon  is  an  artificial  one,  founded  to  include  foesil  speci- 
mens with  secondary  wood  resembling  that  of  a  recent  Arauearia.  The  Palieo- 
■oic  forms  of  Arauearioxyton  have  been  shown  to  belong  in  most  casea  to  the 
stems  of  the  extinct  Oymnoepermous  order  Oordaites,  which  was  in  some  respects 
intermediate  between  Cycadales  snd  Conifem. 

The  Oordaitean  stems  hitherto  investigated  appear  to  fanve  resembled  Conifene 
in  the  development  of  their  wood,  for  the  spiral  tir«t-formed  tracheides  are  found 
in  contact  witb  tbe  pith,  the  whole  of  the  wood,  primary  as  well  as  secondary, 
having  thus  bepn  developed  in  centrifugal  order. 

The  specimeas  now  illustrated  are  peculiar  in  po-HSessInif  distinct  strands  of 
primary  wood  in  the  pith.  They  belong  to  two  apeciaa,  both  fr.  im  the  Lower  Car- 
iMDiterous  rocks  of  Scotland  and  the  North  of  England. 

In  one,  Araucarioxylonfataculare,  sp,  nov.,  the  pith  is  small,  but  the  primary 
•trends  of  xjlem  are  of  large  pize,  attaining  their  maximum  diameter  when  about 
to    pass  out   towards    a    leaf.     Their  structure  is   mesarch,   and    they    closely 

'  A  somewhat  fuller  account  of  Xspldooarpon  has  been  communicated  to  tbe 
Royal  Society,  and  a  complete  illustrated  description  is  in  pieparation. 

'  Scott, '  On  tbe  Primary  Wood  of  certain  Ajaacaiioxylons,'  Annal*  ef  Sataiu/, 
December  1899. 
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mamble  the  comipotidiiu  Btranda  id  Lgginodtndnm  OUAammtuM.  The  swonder^ 
wood  lua  narrow  medtulur  reye,  ud  quite  reeemblea  that  of  en  araacarian 
Conifer. 

The  other  epeciee  ie  identical  with  the  Araucarioxyltm  tmtiqmim  described  bj 
Witham.  Here  the  pith  is  of  lar^gize,  neaHj  ut  inch  in  diameterin  the  specinieii 
illiutrated,  and  is  surrounded  far  a  rin^  of  forty  or  fiflr  email  piinuiy  xylem 
bundle*^  meearch  Id  etmcture,  which  eppeer  to  have  peseed  oat  into  the  leavee  in 
Mire.  In  tbii  form  the  eecondary  wood  bae  somewhat  broad  mednUaiy  rays,  and 
la  ao  Eu-  lem  Goniferoos  in  cbarsctei  than  that  oT  A.  Jiueiculare. 

The  interest  of  the  two  species  described  coonete  in  their  affording  a  link,  b 
far  as  the  primaiT  etracture  of  ''      — '  '    "  -i  >   .  r.i 

CycadoBlices  and  the  Cordaitete. 

The  author  is  indebted  U  " 
on  which  the  investigation  i 

5.  On  the  Slmetvre  and  Affinitiea  of  Dipteria  conjugata,  Reinw.,  with  Jfoies 
on  the  Geological  History  of  the  D^tmdince.  ^  A,C.Sward,  F.R.S., 
an<f  Elizabeth  Dale. 

For  the  material  umd  in  the  anatomical  inveatigiitioa  of  Dipteri*  ctmjngata  the 
anthor*  are  indebted  to  Mr.  Shelford,  of  the  Sarawah  Museum,  Borneo,  and  to 
Hr.  Tapp,  of  Ouus  Collie,  Camhridj^.  The  ^nus  Dipteri*  is  represented  by- 
four  recent  species:  D.  conjugata,  Remw.  [  =  Polypodium  {Dipterii)  Bor^eldii, 
R.  Br.],  D.  WaUichii,  R.  Br.,  D.  XoUuna,  Hk.,  and  D.  quin^w/urcata,  Baker; 
of  these  D.  Wallicka  occurs  in  the  subtropical  refciona  of  Northern  India,  the 
other  three  speciea  bein^  characteristic  oF  the  Malayan  region.  Among  Meaoitnc 
ferns  the  genera  Prof  orAt^iV,  XKctyopht/llum,  Camptopiaria  alTnrd  examples  of  extinct 
tvpea  dosely  allied  to  Dipterit,  and  widely  spread  geogrephically  during  the 
Juraane  epoch. 

Tlie  authors  propose  to  separate  the  recant  ^nus  and  the  fossil  forms  from  the 
Polypodiaceie  end  place  them  lo  a  distinct  family — the  Dipteridinte.  The  sporangial 
characters  of  i>jp'«n'j  do  not  coaformpredsely  to  those  typical  of  the  Polypodiaces, 
and  the  anatomical  features  afford  additional  evidence  in  favour  of  placing  Dipterit 
in  a  special  subdivision  of  the  Leptosporanjriate  ferns. 

The  stem  of  Dipterit  cimjugata  poaaeases  a  riugle  annular  stele  in  which 
the  protozylem  strands  occupy  a  central  (mesarch)  position.  The  proto- 
nhloem  elements  are  sharply  marked  off'  &om  the  rest  of  the  phloem,  which 
le  succeeded  by  a  pericjcle  3-4  cells  in  width  ;  a  distinct  endodermis  encloeee  the 
stele  both  internally  and  externally.  Immediately  behind  each  leaf  the  annnlar 
stele  of  the  stem  becomes  elaogated  in  a  vertical  direction,  and  gives  off  an  inverted 
U-abaped  branch  which  ascends  obliquely  upwaida  into  the  leai-stalk.  The  foliar 
gap,  Itit  after  the  passing  off  of  the  meristele,  closes  up  in  front  of  the  leaf,  and  the 
stele  resumes  its  normal  tubular  form. 

The  paper  deals  also  with  the  structure  of  the  roots,  leaves,  and  sporangia  of 
Dtpteri*  coTtjugata,  the  comparison  of  the  anatomical  features  with  those  of  the 
Cyatheacen  and  other  ferns,  and  concludes  with  an  account  of  the  geological  and 
geoirraphical  range  of  such  fossil  ferns  as  may  reasonably  be  placed  in  the  family 
Diptendints. 


6.  JU^utratitmto/ Sand-binding  Plantg.  J5y  Professor  F.  0.  Bowbh,  f.J?jS, 
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methods,  Slfi. 
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J.  K.  Marr  on,  749. 

Coalfield  in  the  London  basin,  apossiUe, 
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on,  871. 
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787. 
COHHOK   (Dr.  A.   A.),   Address  to  the 
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Copper,  the  effect  of,  on  the  human  body, 
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OD,  T4S. 
COBHIBH     (Vanghan)    On     tidal    eand 

ripplat  above  low-water  mark,  733. 
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•Coemlo  erolnlion,  A.  W.  BIckertoD  on, 

6r». 
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FittQerald  on,  628. 
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Qemmtll  on,  784. 
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'Djoatoos,  the  oonitmotion  of  large,  aa 
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EooDoinio  Science  and  Btatlitica,  Ad- 

dren  bj  Major  P.  G.  Ciaigio  to  the 

&«<)tioa  of,  B!0. 
Bdqbworth   (Piof.   F.    T.)  en  future 

dtalingM  in  raic  produeti,  421 
EggB,  the  JDcnbatiQn  of,  tba  mschaDical 

acd    chemical    changes    which   take 

place  during,  B.  Irvine  on,  787. 
*Bg;pt,  the  modam  popolaUon  of,  tbe 

pieseot  state  of  onr   knowledge  of, 

b.  Bandall  Maclver  on,  308. 
,  the  Bfstem  of  writing  in  ancient, 

F.  LL  ariffith  on,  899. 
Egyptian  skeletons,  perforate  hnmeri  in, 

Piof.  A.  Macalister  on,  90S. 
Electric  currents,  the  vector  potential  of, 

in  a  field  where  distorbaifcea  are  pro- 
pagated wiih    Snite   velocity,  B.   H. 

Burbary  on,  G9G. 
discharges  in  gases,  the  phospbor- 

esoent  glow  in,  J.  B.  B.  Barke  <hi,  643. 
f  ornace,  new  compoands  discovered 

bj  tbe  nte  of  tbe,  C.  S.  Bradley  on, 

699. 
. geneiating  stations,  the  design  and 

location  of,  A.  H.  aibbinKs  on,  87S. 
waves,  tlia  propagation  of,  along 

parallel  wires,  W.  B.  Morton  on,  635. 
Xbetri«ai  elmngtt  in  mammniian  nrrve, 

Report  on,  165. 
m*M»rmiwri»,  et^erimentt  for  im- 

proving  tha   eotutrv^tian  of  practical 

rtaadardifor.  Report  on,  G3. 

Appntdix  :  on  an  improved  retiit- 

aneteoil,  hy  R.S.  Whipple,  GS. 

ttimolns,  the  gimUarity  of  ^ect  of, 

on  inorganic  and  living  luhstances, 

J.  Chnnder  Bose  on,  637. 
EUetrolj/ti*    and  eltatro-ohemiitry.   Re- 
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Elk  remain;  Iriik,  in  the  Iile  of  Man, 

Report  on  the,  349. 
Elpbinbtoks   (G.  K.  B.)   oh  the  B.A. 

leroie  gavge,  436. 
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on,  94S. 
Embryos,  yoaog.  a  peptto  zymase   in. 

Prof.  M.  Harto^  on,  786. 
Energy,   the    partition    of,   Dr.   G.    E. 
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Engliih  Channel,  plankton  and  pkj/rical 
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■Eros  at  the  opposition   of   1900-1,  a 

diagram  for  planning  observations  of, 
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Oratie  bheJitiifthe  Sritith  Jilt*,  Report 

M  the,  343. 


EitiUna  viridi*,  DemonetnUion  it  the 
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Petavel  on,  656. 
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Faraday  (Ethel  R.)  on  Indian  gnaran- 
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fair*  theory  and  piactioe,  853. 
Fabmbb  (Prof.  J.  B.)  DA  fertAHaatian  in 

Phaop/^BOt,  669. 
ftmlt,  the  teleetioH   of   a,  etiitable  fer 

oiiorvatioiit    m   earth-noetwi«nt*,    C. 

Reid  en.  108. 
,  relatiee  rnvremoMt  nf  ttrata  at  tie 

SidgtKBy,   Horaet    Dimtin    on    the, 

119. 
Feutoh     (H.    J.    H.)    and    Hiujbkd 

OocrrLiKQ  on   deriiatives  of  methjl- 

farforal,  701. 
and  H.  Owbk  Josbh  on  a  simple 

method  for  comparing  tbe  affinities  of 

certain  acids,  701. 
Fertilisation,  double,  in  a  dicotyladon — 

Caltha  patu^rit,  E.  N.  Thomas  on, 

936. 
Finger-prints,  a  system  of  olaMifle»Uon, 

Dr.  J.  Q.  Guson  on,  910. 

- — •  of  a  Boman  scolptor  of  prolMUy 

the  third  century,  a  monld  showing. 

Sir  W.  Turner  on,  90S. 
Elah  fanna  of  the  Torkshira  ooal-fiddi, 

E.  D.  Wellbatn  on  the,  T49. 
foaail*  from   the    HUlatOM    Grit 

looks,  E.  P.  WellboiD  on  KMne,  760. 


Fiihsi,  littoral,  ioma  pointi  in  the  llfe~ 

hiHtor;  of  the,  Pmt.  W.  0.  Uclntoah 

on,T66. 
,  oBwoDE,  cTolopu   in,  James    F. 

OemmiU  on,  784. 
FmsQuBALD  (Prof.  G.  F.)i»i  lolar  radia- 

tuHt.  36. 
«lt  radiation  f  ran  a  iohtbb  of  ligXt 

i*  a  »ag*ttio  field,  62. 

0*  praetieai  tlectfi«al  ttandardt, 

S3. 

on  U.  Cremien'B  eiperiment,  628. 

* on  iODi,  6B4. 

FiTzf  ATBIOK  (Bar.  T.  C.)  mi  eleatrolytit 
Mt4  eUotro-okeniUrg,  34. 

-  dM  proBtieai   tlMtrieal   ttandardi, 
68. 

Flag«Uam  in  EugUtut  riridit,  Demon- 

•tnllwi  of  the  ■traotnre  and  attach- 

mant  of  the,  bj  Harold  Wager,  931. 
yiatJUhtt  (^Betenmmata),  tkt  attatomy 

qftht,  S.  Jf.  EfU  on,  3S3. 
Fluiins  (Dr.  J.  A.)  OK  praatiMl  aUe- 

triaal  itatidardt,  S3. 
Flbtohbb  (A.  S,'\i»ielei!troljftiameikodi 

^  otowiaa  I  Anaiftit,  171. 
Flint  im|denienta  fonod  at  Wolveroote, 

OztoMsblre.  A.  U.  Ball  on,  913. 
Flui  (Prof,  A,  W.)  tm/uturtdeaiiagiiH 

ram  jrradttqfi,  431. 

on  prlce-oliMiget  in  the   foreiern 

tiads  of  FranoB,  863. 

Food,   the  efEect  of  copper  in,  on  the 

honuu  bodjr,  T.  W.  Hirae  on,  69(i. 
FOOBD  (A.  H.)  on  lifa-ama  »  tJte  BrUisA 

CarbMi/erati*  rveki,  340. 
T0K3KB(,&,0,')onadigtitcfabteTiialio7u 

on  tkt  wiiffTtition  of  Urdt,  403. 
Foroe,  the  penjeption  of,  and  the  mum 

of  eSort,  Prof.  Q.  J.  Stokei  on,  912. 
Ibuilt,  tfpa  tpeeitnetit  of,  Stport  «n  tkt 

mgiitration  of,  343. 
FOSTXB  (A.  Le  Neve)  on  the  BA.  terae 

gauge,  436. 
(Prof.  Q.  C.)  on  practieal  eleetrieal 

etandari*,^. 

•out  roeii,  340. 
Fozwzu.  (Prof.  H.  tj.)  on  ttatt  mmopo- 

liM  f»  ttlur  MKxCriM,  436. 
FnaM,   tlM   foraigD    trade    of,   price- 

ohanges  in.  Prof.  A.  W.  Flax  on,  S63. 
Fii*ia»i.twn  (Prof.   F.)  on   eleotnlj/tio 

mrtXiid*  cf  gnatititative  atuUj/tit,  171. 
Fangi  in  Ceflon  grawing  on  sciile-inieetB 

(Coocidte  and  Aleniodids),  J.  Peikin 

oD,&32. 
Fnngiu,  Aaroipevra  •mirabUit,  the  life- 

histarr  of  the.  B.  H.  Blffen  on,  943. 
Fnrf oialdahyda  ■"#!  Oaro'i  reannt,  inttt- 

■otlon  of.  0.  F.  Croas,  B.  J.  Bevu,  and 

J.  F.  Sagst  en,  702.  .     . 
FuttutdsaUngt  in  nm  prodnoe,  Sevort 

en,  431. 
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Qnbbro  of  ^  i^nafH^in^im  n  ^  BootJand,  a 

rnopbTra-djke  intnulvein  the.  Prof. 
Bun  on,  761. 
Qalton  (Fnndi)  on  tio  nerk  of  the 

Comtpondiiia  Soeietitt  Committee,  670. 
'Oahblb  (F.  W.)  and  F,  W.  Eeeblb  on 

the    oolour-phjaioiog;    of    Hippolyta 

variani,  797. 
QiNOKa  (Dr.  W.  F.)  on  an  etknoiogicai 

nirtey  of  Canada,  468. 
Oabdkbb  (Walter  M.)  and  A.  Ddftov 

on  the  production  of  an  artificial  light 

of  the  same  character  aa  daylight,  631. 
Oabboh  (Dr.  J.  Q.)  on  the  age  qf  ttone 

oirelei,  461. 
on  tKe  pkj/iieai  and  mental  d/feate 

of  oldldren  in  echoott,  461. 
— —  on  photograpkt  of   anthrepolagioal 

intemt,  668. 
■   ■  ■  en  the  nerh  if  the   Q/rreiponding 

Saeietiei  C^mmiltee,  GTO. 
on  a  ByEtam  of  elaadfication    of 

flngei-prinU,  910. 
QlBSTAJK)  (W.)  an   tie  plankton    and 

ph/yrieal    eondUiimt   of    the    Engliek 

Channel  dvHng  1899,  379. 
on  intMMtigationt  made  at  the  Marine 

Biolofioal   Laboratory   at    Flyvunth, 

S99. 
Oabwood  (E.   J.)  on  life-amei  in  the 

Britith  Otrbeniferout  nekt,  340. 
on  the  aelleiition  qf  photugraphi  of 

ga^ofical  intoreet  in  the  United  king- 
dom, iK. 
Oat  theory,  the  itatistical  dynamics  of, 

as  illostrated  by  meteor  siramu  and 

optical  rays.  Dr.  J.  Larmor  on,  633. 
GaMS,  the  apeaiSc  heat  of,  at   tempera- 

tarea  np  to  400=  C,  Prof.  H.  B.  Di»on 

and  B.  W.  Blxon  on,  697. 
Oavge  for   tmail    loreitt,    the   BrOieh 

Jnoeiation,  Report  onprepcte4  modiji- 

eaiiont  of  the  thread  of,  436. 
Gbikib  (Prof.   J.)  on   the  oolleatinn  of 

phatagrapha  tf  geological   inlorut   in 

the  United  J[infidopt,  350. 
Obkhill   (James    P.)  on  cyclopia   in 

osaeona  DBhe^  784. 
Geography,  Addie«aby  Sir  (leorgeBobert- 

BOD  to  the  Section  of,  800. 

^  oommeroi^   in  educalionp  E.  B. 

Wethey  on,  810. 
~ —  in  elementary  sabools,  attempta  to 

improTS  the  teaching  of,  eapeoially  in 

the  West  Biding  of  Yorlcshire,  T.  O. 

Booper  on,  809. 

regioiial,   the  treatment    of,    Dr. 
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.  Hill  oi 


BIO. 


Oeelogioal  age  qftke  earth,  Pnf.  J.  Joly 

on  the,  369. 
■—phatograpkeqfinteTett  i%  Uio  United 

Kingdom,  B60. 
fleokgr,  AddreM-by  Piof.  W.  J.  SdlMto 

the  BeotiOn  «(  711. 
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OSS  BEP0B1 

GMlogy  and  palMontologj  o(  hUagonU, 
W.  B.  aoott  on,  730. 

Qeometry,  projeotiTe,  tfae  rel&Uoiu  be- 
tween meobsoica  kiid,  CTpailHoi 
BUi^Doa  on,  641. 

OiKDI  (L6on)  0it  tks  Suroni  qf  Lerette, 
H9. 


OlBSOH  (Prof.  Hsrraj)  <mfeTtiH»atiim  in 

Plueopkgeett,  669. 
OUBS  (Prof.  Woloott)    DM    ieate-lmgt\ 

taUMffth^tpfctnto/tluielmmaiaHd 


(W.)  on  TBi^d  changes  In  the  tbick- 

nen  and  ohaiusterof  the  Coal-Mea«nTe« 

of  North  SlAftordBhtre,  743. 
OILL  (The  latw  Deenutar)  en  IrUk  Elk 

remaiuM  in  the  Itle  of  Man,  349. 
OlTFOBD   (J.   W.)    on    a   qnarti-calcit« 

■TminetricAl  doublet,  630. 
GlMlsl  Drift  in  Bradford,  *omo  reoeat 

exOTationi  In  the,  Jai.  Monokton  on, 

7M. 
flztrs-moTKinio  lake  oocnpTing  the 

vKliay  of    the    Bradford   Beok,  J.  £. 

WUson  on  a,  766. 
■        phenomeoB  of  the  north-eaat  oomei 

of  the  Yorkihlie  wolds,  J.  W.  SUtJwi 

on  the,  760. 
phenomeiu  at  Bhjd-ddn,  Oaniar> 

Ton,  J.  R  Dakyna  on,  763. 
aiMlstlon  of  the  Eelghla^  and  Bradford 

diitriot,  A.  Jowett  and  H.  B.  Uofl  on 

1^766. 
OLAMTOira    (0.)    on    the    taathinf   ef 

tctatM  m  Afenmtory  lahooU,  187. 
and  Dr.  J,  H.  Qi.ai»tohx  on  atomic 

weight*  and  the  periodic  law,  706. 
(Dr.  J.  H.)  o»  the  teaching  qftelanee 

in  elementmiy  tolmU.  187. 
■~^  and    O.    OLADsnniB    on    atontlo 

weight*  and  the  pertodio  law,  706. 
Olaibhsb  (Dr.  J.  W.  !<.}  oa  tabSei  qf 

certain  mathevtaiieal/mtetient,  46. 
Oi.Afig  (J.   Q.  H.)  on  the  ooalflelds  and 

iron  on  depoaitj  of  the  FroTinoes  of 

Sbaoil  and  Honan  and  proposed  rail- 
way coHtnutioD  tn  China,  871. 
OLUBBKOOK  (B.  T.)  on  the  m^armity 

tf  lite  qf  ptfM  t!f  Seientifi^i  Sveietic*' 
"■    Mmm,  46. 

prtutioal  eleetrteal  etandttrdi, 

68. 
eland,   the    nfrnuiaiUary,  the   effeet  tf 

ehoria  ffimuJaMffn  en  vtt  leliime  tf  tlte, 

Sepert  m,  4SS. 
OODHAM  (F.  Da  Oaae)  en  the  teobfy  of 

the  Sandmeh  IiUmdt,  398. 
6ehei  and  iiMo,  J^aneae,  W.  Q.  Alton 

(»ithe,QO0. 
Ooinnnt(PTolB.aE.)MjV(«»  dtttU 
imgt  tM  row  prtthwe,  491, 


chMige*  i»  mawtmaUmn 


calorimeter  for 


QOODSICH  (B.  S.)  DM  the  < 
eertain  PeU/ehate  nomt,  "' 
'GhxMeberr?  Bawfly,  the  ■ 

life.hUtoi7  of  the,  N.  Walker  on,  790. 

QOBB  (Dr.    Q.)  on  Tolta-electromotirB 

f oroe  of  allofa,  and  a  test  for  ohemical 

nnion,  641. 

GOBSAH  (J.  Marehall)  m  the  B.A.  tfme 

vge,  436. 

ani  W.  A.  Pbiob  en  experiment*  *a 
we  threadt,  444. 
GOTCH   (Prof.     P.)    r 
kittelegw  eftheet 

enetstiriaal  c 

nerve,  466. 

on  the  physiological  effect  of  local 

InjuiT  in  nerre,  788. 
Qbahak  Kerb  (J.)  wt  the  eerel  reift  tf 

th»  Indian  rejian,  400. 
Oranopbyre-djlw  intnaiTe  In  the  gabbro 
of  Ardnamnrohan,  Scotland,  Prof.  E. 
Bosi  on  a,  751. 
Orat  (J.)  and  J.  F.  TooKBB  on   the 
physioal  ohaiacteristicB  af  the  popvla- 
timi  of  Uerdeen«bire,  91S, 
— (W.)  m  the  eeUeetien  rf  phategraph* 
ef  seOegieai   interett   in   the   CniUd 
jamtdem,SBO. 
Qreeoe,   writing    in    prehlstorio,    A.    J. 

Evans  on,  897. 
GSBBtr  (Prof.  J.  B.)  en  atiimilatten  in 

planti,  669. 
GSBBMHILL  (Prof.  A.  O.)  »n  («Mm  «^ 

eertain  niUhemeiieelfnnetioni,  4G. 

QxSBia.T  (S.)  on  ancient  plateaox  in 

Angleaey  and  OamarronaUra,  737. 

on  the  form  of  some  rook  boeeea  in 

Anglesey,  737. 
GBirrirH  (F.  U.)  on   the  sritem    of 

writing  in  anoieut  Egypt.  B99. 
OBirFiTBS  (E.  H.)  M  eleetrelfeit  aad 

eleatre-thewiittry,  84. 
m  praetieal  eleeMetU  itamdmrdi. 


ees. 


a  form  of  Wbeatatone'a  bridge. 


*OToom  (Prof.  Peroj)  on  ;dant  fonn  in 

relation  to  natrition,  986. 
(Theodore)  on  the  pebble*  of  tb* 

Holjbnsh    conglomerate^    and     thelf 

bearlDgonliOwerand  Oamteian  palao- 

geogwAy,  638. 
on  toe  igneooi  rooks  associated  with 

the  Cambrian  beds  of  UalTem,  739. 
GwdaooUaiid  tblor^coiol,  the  ooraUnatHfl 

of,wjtbtbeeMeno(  the  aetdsirf  ths 

•MtrlsBe  sniee,  I^.  8.  IMtananii  awl 

H.  S.  St^eton  on,  704. 


tKttraU  plaMton, 
a»a  ctrtai»  Cxlemtarata  ef  tie  Bof  of 
AoplM,  3S6. 

on  J/keitra  paroMei,  Krohn,  789. 

■ on   the  poMibilily  of    □blaioing 

more  reliable  meaanreDients  of  the 
changes  ol  the  land-leTel  ot  the 
FUcgneu  rielda,  614. 

Ojmnocporanglnm  bom  Chins,  F.  B. 
VfOta  on  a,  931. 

HlDDO:^  (Prof.  A.  C]  im  an  etlitialogieal 
tareei/  ^  Cmta^la,  46B. 

on  Uie  textile  pattenit  of  the  Sea- 

DA7aki,901. 

on  reltcB  of  the  Stone  ige  of  Borneo, 

901. 

on    honsei    and    famllj    Ufa    in 

Sara wsk,  902. 
Hall   (k,  D.)  on  the  economio  poni- 
billtlee  of  the  groirth  of  sngar  beet  Id 
lEngluid,  811. 
Hallibvbton  (prof.   W.    D.)  oa   tke 

atiero'ahemiitry  a/eelU,  449. 
Halm  (J.)  on  toe  connection  between 
latitnde-Tailatlon  and  terrea  trial  mog- 
netiim,  6S0. 
Halstiad  (Robert)   on   vaiiations  of 
wages  in  Bome  OD-pBrtnerahip  irork- 
ebopa,  with  some   compariton   wUh 
DMi-ao-«perative  indnatilef,  849. 
HabdOAstlb  (Fraacea),  Report  ok  tht 
pretent  d4tU  ^  tlu  thaory  «f  point- 
gnrupt  *p  (Part  I.),  121. 
Habmks  (T.  W.)  on  the  iDBaeooe  of  the 
winds  apon  climate  dating  paat  geo- 
logloal  epoohe,  768. 

(8.   F.)  oit  tJu  eorvl  retfk  ef  tke 

Indian  rejiion,  400. 
HAB1I80H  (Ber.  B.  K.)  on  th«  errath 

UoelU  of  tU  Bnt^h  ItU*,  343. 
Habtlahd  (E.  S.)  0*  an  ttknologioal 
nrtej/ff  Canada,  4S8. 

0»  photograpki  of  antkropologiotl 

interett,  5I». 
on  the  imperfection  of  our  know- 
ledge of  the  Block  Bacei  of  the 
TransTaal  and  the  Omnge  Biver 
Colon;,  904. 
Habtlbx  (Prof.  W.  K.)  en  abmrption 
tpectra  and  ekamieal  ctnutUHtiou  i^ 
orgamo  iadiel,  IGl. 

an  mmt-lengtk  tabkt  nf  tlie  tpcetra, 

of  th«  eUmenii  and  compajatdt,  103. 
Habtoo  (Prof.   Marcus)  coi  a  peptic 
Ijmaae  in  yonng  embryos,  78B. 

on  Interpolation  In  memory.   913. 

Habtib-Browk  (J.  A.)  on  making  a 
digeit  of  tke  obiarrationi  on  ti^  migra- 
tiMqf  birdt,  iOS. 
Hawthorkb  (J.)  and  Prof.  Lbttb  on 
Uha  latiMMima  and  its  relation  to  the 
ptdliitioD  of  sea-watei  b^  Mwage,  98C. 
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Heat,  ipeoifie,  ol  gajge  at  tempenttuei 

np  to  400°  C,  Prof.  H.  B.  Dixon  aod 

B.  W.  Bizonou  the,  697. 
Heating  and  lighting  power  of  ooal  gas, 

T,  Fairler  on  the,  707. 
Sbawood  (Edward)  on  the  commercial 

resoiucee  of  tropioM  Africa,  816. 
Hblb  Shaw  (Prof.  H.  S.)  on  resiBtanoe 

of  road  vehioles  to  tnotion,  S8B. 
Hebbebt  (Acheron)  on  mnnioipal  bnild* 

ing  for  the  overcrowded,  841. 
Hbbdman  (Prof.  W.  A.)  on  the  planlOon 

and  pkgtioal  condition*  qf  t\e  EagliA 

Ckanntl  dttriag  1899, 371). 
OH  tlu  oeenptUien  of   a    taiU  at 

tlu  Zaolagieal  Station  «t  Naplet,  380, 

381. 
,  Obtervatiimt  on   Compeuiid  Atoi- 

diani  by,  364. 
Hebscbbl    (J.   C.  W.)  on  needle-bole 

maps  for  meteor  oheemtion,  67S. 
Hewitt  (C.  J.)  m  tlu  B.A.  lartie  itnue, 

436. 
SOiteiu  rUt/b2f  uf ,  tbe  intomesoenoes  of, 

Eliubetb  Dale  on,  940. 
EiOEB  (Prof.  W.  H.)  on  tabU*  of  eertaim 

maXhevuMoalfnnelieiM,  46. 
HiCKSON  (Prof.  S.  J.)  an  tie  oeewptaiem 

<f  a  table  at  tie  ^logical  Station  at 

HapUt,  880. 

on  thonncleiof  Dendnootutot,  784. 

HIQOB  (H.)  en  State  nionopoli»i  in  otiur 

HiLL-ToDT  iCtonanotknologiealiwrviY 

of  Omada.  168,  472. 
HiHB   (T.  Whiteside)  on  the  effeet  of 

copper  on  the  buman  body,  696. 
Hind  (Dr.  Wheelton)  eit  life-ainei  in  tJu 

Britiih  Carbonifiirevt  rnekt,  S40. 
HiMDB  (Dr.  0.  J.)  en  life-aonrM  in  tlu 

BHtiek  Carboniferotii  roekt,  310. 
■HiNKS  (A  R.)  on  the  new  photographto 

eqnatorial    at    the    Cambridge    Ob- 

aervatorj,  677, 
*  —  on   A  diagram  for  planning  ob- 
servations of  Bros  at  the  opposition  of 

1000-1,  677. 
*Bippoh/te  xaritmt,  tbe  oolonr-phyf  tology 

of,  F.  W.  Gamble  and  F.V.  Keeble 

on,  797. 
BiBST  (F.  W.)  on  recent  changes  affect- 
ing the  lefial  and  financial  poeition  of 

Local  Antborities  Id  England,  945. 
'HoDSKiNBON  (W.  R)  on  ttte  action  of 

alaminicra   powder  on    some  phenols 

and  acids,  702. 
- —  and  Dr.  L.  LIMPACH  on  the  direct 

preparation  of  S-naphthylamtDe,  702. 
HoaABTH  (D.  O.)  on  Uie  cave  of  Psychr6 

In  Crete,  899. 
HOLDioR  (Col.  Sir  T.  H.)  on  rallwaj 

oonnection  with  India,  813. 
HOLKBa    (I.   V.)    e»  tke  work  of  tkt 
OBrrorfonding  BoqiMu  Qmmittoe,  STO. 
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HOOXn  (B.  H.)  en  fiOtm  dMihitgt  in 

rtmprabue,  421. 
HopKiiTBOK  (J.)  M  the  applieatiVK  (f 

plMegrt^kj/    to     fMe    thundatUm    ^ 

mfttorolofieal  pAmioTiiena,  66. 
en  tke  work  of  tJU  Cerretponding 

Soeittia  GnmmtUie,  670. 
on  the  rainfall  of   t!ie  notthem 

Donntlei  of  EDf;luid,  652. 
HOHira  f  J.)  »n  the  erratie  iloait  ef  the 

Britith  J*!et,  3t3. 
BOBSIiKT  (Victor)  on  tho  hittoloffy  of  the 

tuprareaal  eapmlei,  1G2. 
HoBB  (Cbwlaa)  and  W.  HcDougall  on 

Boma  peonliar  features  of  the  animal- 

calM  of  the  notiTM  of  Swamkb,  and 

their  healing  on  the  problenu  of  to- 


Honae  TefnBe.the  dispoul  of, 

J.  MoTaggart  on,  86T. 
Hown  (Prof.  O.  B.)  en  the  orcupatum 

of  a  laMe  at  the  Zoological  Station  at 

Naplet,  3B0. 
HoYLB  (W.  H.)  (HI  tie   compilation  of 

aa     indee     genemm     et     ipeeientm 

aniinalivia,  392. 
Hnmidit}',    relntive.    the    geographical 
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Badiation,  the  relstions  of,  to  tempem- 

turo,  Dr.  J.  Lannor  on,  657. 
. —  from  a  timree  of  light  in  a  vta^netie 

field,  B»port  on,  52. 
■■ —  of  a  black   bodj  on   the  eleotro- 

mi^rnetic   theorj,  H.  C.   Pocklinj^ton 

oa  the,  6E4. 
Ballwa;^    oonnection   with    India,    Col. 

Sir  T.  H.  Holdich  oa.  S13. 
conatractioD  in  Shanii  and  Bon&n 

in  Cbino,  J.  0.  U.  Olara  on,  8T1. 
,  monoiail,  between  Uanchester  and 

Uveipool,  Sir  W.  H.  Preeoe  on  the, 

8TB. 
,  F.  B.  Bebr  on  brake  and  signals 

for  the.  ST6. 

the  Siberian,  C.  R.  Beailej  on,  814. 

trains,   the    msasDTement  of   tba 

tractive  force,  re^tttnce,  and  accelera- 
tion of,  A.  Malloch  on.  877. 
Bainfall   of    the    northern    coanties  of 

England.  J.  Hopkinson  on  the.  662. 
B^n-gange,  a  self-r^lstering,  W.  J.  E. 

Binnie  on,  STO. 
Bailed  beaob  of  Sonthem  Britain  as  seen 

In  Oower,  the  age  of  the,  B.  B.  Ttdde- 

mao  on,  760. 
Baxaqb  (Hugh)  on  a  method  of  com- 

poriDg       correspondences      between 

spectra,  G2S. 
BAUBAtJT  (A.  A.)  I"!,  lolar  radiation,  36. 
Bausat    Weight    (Prof.    E.)    on    tie 

metJiodi  qf  preieTvatum  i^  ^eoimeru 

Vied  at  ti«  if^Ui  Zoelogioai  Station, 

S8e. 
Bathbo.n'k  (H.  R.)  0%  /utuTO  dtalingi 

in  ram  produce,  421. 
EavhnbtsiN  <B.  G.)  on  the  elimaiBhgy 

<fA/riea.iU. 

* on  foreign  and  colonial  Eurvef  I,  Sll. 

on  the  geographical  distribution  of 

relative  humidity- ,  S17. 
BAXLfitaH  (Lord)  onpraetieal  eleotriaal 

itandardi,  63. 
Bead   (C.  H.)  on  tAa  Ifairtral  EUtojy 

and  Ethnography  of  the  Malay  Pettin- 

tula,  393. 
-^—  on  the  ago  qfrtona  eirolet,  461. 
04  photograpXi  of  aiUhrcpoUigieal 

intereit,  G6S. 
Bbbteb  (Hod.  W.  P.)  on  Colonial  Oovero- 

meots  as  monej-lenden,  848. 
Bbid  (A.  8.)  en  the  eolleation  of  phote- 
graph*   of  geologieal   interest  in  the 

OHUed  Kingdom,  3G0. 
(Clement)  imt^trnt^ogiealitvcettiga- 

tiim,69. 
on  the  leUetion  of  a  fault,  a  loeality 

euitablefor  obeeraitionM  on  earth-move- 

m«Bt*.  108. 
BlMHiB    (J.)    on    prtKtieal     eU(^riaat 
itandardi,  63. 


'Bespiration   of  aqnatic    insecte,  Prof. 

L.  C.  MiaU  on.  790. 
BXTKOLDS  (Piof.  J.  EmetsoD)  on  slrefrt- 

Igtie  wtethodt  of  fwntitotiM  oiMiiwit, 

171. 
(S.  H.)  on  the  ejiaavatiMiffemet  «t 

UphiU,  U2. 
'BHuoohetvt,  the  nestling  of,  Prof.  K. 

Barckhardt  on,  790. 
Bhys  (Prof.  John),  Address  to  the  Section 

of  Anthropology  by,  B8(. 
BiCHARDeoK  (F.  W.)  on  Bradford  sewage 

and  its  treatment,  707. 
(Nelson)  on  teitmolagteal  imeatifa- 

tiitn,  69. 
BlDQflWAT  (Prof.  W.)  en  tht  Ifaturni 

Sittary  and  Ethnograpkg  of  the  Ifaltf 

Fenintula,  393. 
Rigs  (E.)  on  the  B^.  terme  gauge,  436. 
BiVGBB  (Dr.)  on  the  phj/tieal  andmentai 

drfaettof  ehUdran  in  takoeU,  461. 
RixoN  (R.  W.)  and  Prof.  H.  B.  Dixos 

on  the  specific  heat  of  gases  at  tempera- 
tares  up  to  400°  C,  697. 
BaBKRTa-AUETBH(SlrV.C.}eitj»ia()tiMl 

eleotTieal  ttandardt,  C3. 
——  on  the  bibliography  ef  ^eetrompf, 

ROBEBTBON  (Sir  Qeor^),  Addrara  to  tlis 
Section  of  Ge<^7aph7  by,  800. 

Bock-bosKt,  the  form  of  some,  in  Angle- 
sey, B.  Greenly  on.  737. 

Boman  scnlptor's  finger-prints  of  pro- 
bably the  third  century,  a  montd 
showing.  Sir  W.  Tnmer  on,  90B. 

ROOPER  (T.  G.)  on  attempta  to  improve 
the  teaching  of  geogtapbr  fo  ele- 
mentary schools,  espedally  in  the 
West  Riding  of  yorkshire,  809. 

Boot-nodales  of  AUa  glutineta,  the 
Bttnctnre,  T.  W.  Woodhead  on,  931. 

RoscoE  (Sir  H.  B.)  on  telar  radiatitn, 
36. 

on  the  teaching  of  icienoe  im  eU- 

mcTitary  uihoali,  18T. 

on  wave-length  tablet  of  the  epeetra 

of  the  elententt  and  oo»ptniMd»,  193- 

ROSEyHAlN  (f^alter)  on  Malay  melal- 
work,  906. 

and  Prof.   J.    A.  EwiKe    on    the 

oryst&Uine  stracture  of  metals,  <9S. 

Ross  (Hon.  G.)  on  an  elknolegioat  tvr- 
rey  of  Canada,  468. 

'Boaa  (Major  Ronald)  on  malaria  and 
mosquitoes,  T84, 

Botch  (A.  Lawrence)  an  the  nse  of 
kites  to  obtain  meteonilagical  ohaer- 
vaUons  at  Blae  Hill  Obier*atoty, 
U.S.A.,  660. 

Both  (H,  ling)  on  permanent  skln-marin, 
tattooing,  ncarifioaCian,  bo.,  907. 

Rotama.  dania  collected  by  Mr.  J. 
Stanley  Gardiner  In  bis  expedition  to, 
W.  L.  H.  Dockworth  on,  910. 


BOBDt  (UttrcOB)  on  popnl«tI<ni  and  birth- 

mt«    Tl«w«d  from  th«   bistorico-ata- 

tlstleU  BUudpoiiit,  S38. 
BCCKBB  (Prof.  A.  W.)  on  tAt  wniAirMUy 

of  lita  if  foget  of  Seientijio  Soeietiet' 

yubliealumi,  «5. 
on  Oettrmirtinf  auig%etie  foree  at 

tsa,  to. 
0»  praotieal  eleclrical  itaxdardi, 

63. 
BUHEMABK  (Dr.  8.)  cmd  E.  E.  Staple- 

TON    on    Uie    qrntheBis    of    benza-Y- 

P;tihi»,  703. 
on  the  oombination  of  thiophenol 

and  goaUeol  with   tbe  sBters  of  the 

acids  of  tbe  acetylene  seiiea.  T04. 
'Bnmbald's   Hoor,  (he  prehistorio  anti- 

quitiea  of,  Bntler  Wood  on,  913. 


Saoial  Index,  Prof.  D.  J,  CnDniDgham  on 

the,  90S. 
Salt,  ocean  deposits  of,  tbe  ioSaenca  at 

presinre  on  tbe  formation  ol,  H.  U. 

Dawson  on,  TOe. 
*8and-btnding  plants,  Prof.  K.  0.  Bower 

on,M8. 
Bandtipples,  tidal, aboTe  Ion-water  mark, 

Vanirban  Cornish  on,  733. 
Samdtrick    Itlandt,   the   ioolngy   of   tlm. 

Tenth  report  on,  39S  . 
Sarawak,  teztils  patterns  of  the   Sea- 

Dayaks  of.  Dr.  A.  C.  Haddon  on,  901. 
,  booBes  and  familj  life  in,  Dr.  A,  C. 

Haddon  on,  902. 
,   some  peculiar   features    of    tlie 

animal-cults    of  the  naUvss  of,  and 

their  bearing  on  tbe  problems  of  to- 

temiam,   C.  Hose  and  W.  HcDonnll 

on,  907. 
Sabqaht  (Ethel)  on  a  fourth  t7pe  of 

transition  from  stem  to  root- structure 

occorring  in  certain  monocotf  ledonous 

seedlinge,  937. 
Saturn,   the  '•qoare-shonldered' aspect 

of,  B.  M.  Antoniadi  on,  6TG. 
Saukdebs  (Dt.  William)  on  resnlts  o{ 

experimental  work  in  agricultm?  in 

Canada  nnder  QOTemment  organisa- 
tion, 8W. 
Sataqb  (Ber.   B.  B.)  m  IrUh  tlk  rg- 

maint  in  the  Itk  of  Mm,  349. 
SCADDIKO  (Rev.  Dr.)  on  an  etKnotogieal 

tttneti  of  Oauada,  463. 
80HAFBB   (Prof.    E.   A.)  on  tJit  miero- 

e'hemiitry  e/eelU,  419. 
on  the  hUtologn  of  the  luprarenai 

capnUei,  4SS. 
o»  tke  phytiolopaal  ejfeelt  of  pep- 

tone  antd  ite  premrtart  tohen  iiUndueed 

iMo  the  oireKlatioit,  167. 
SOHARF*  (Dr.  B.  F.)  OS  tke  et^lwation 

qf  cave*  in  Ireland,  HO. 


SoheoU,  thepkj/Heal  aaiA  naitaX  dtfeatt  ef 

ehildren  In,  Beport  on,  ISl. 
SoBUBTBB  (Frof .  A.)  on  telar  n 


determiniag  magnetio  foree  »t 

of  light 


—  on  radiaticit  from 
in  a  magnetie  field,  62. 

onpraetical  eleetrical  ftandardtttZ, 

—  on  wave-length  tablet  of  the  ipeatra 
of  the  element!  and  oompoundi,  193. 

Salenee,  the  teaohing  if,  in  eletnatiary 

lehooh.  Report  on,  1S7. 
SCLATEB  (Dr.  P.  L.)  on  the  compilation 

<f  an  indem  generum  et  epeeiertun  ani- 

ntalium,  392. 
on  ihepretent  itate  ofonrkniwledge 

of  the  towgy  of  the  Ssmdrnch  Iilande, 

Scott  (Dt.  D.  H.)  on  the  piesonoo  of 
seed-like  organs  in  certain  PalKoioio 
lyoopods,  946. 

on  the  primary  structure  of  Certain 

Palieozoio   stems    referred    to    Aran- 
eairii/seylon,  945. 

—  (Dr.  F.  H.)  on  {**  micro-ehemiitry 
fifnerre  cellt,  451. 

(Prof-  W.  B.)  on  the  geolt^  and 

polmontolc^ty  of  Patagonia,  730. 

• on  the  Miocene  fauna  of  Patagonia, 

784. 
Screm  gauge.   The    Britith   Attoeiation, 

lleport  on  tvggetted  modification  if  the 

thread,  436. 
— — .  tbreads  used  in  cycle  construction, 

and  for  screws  subject  to   vibration, 

0.  P.  Clements  on,  879. 
Sea-Dayaks  of  Sarawak,  the  textile  pat- 
terns of  the.  Dr.  A.  C.  Haddon  on,  901. 
Seal,  the  dentition  of  the.  Prof.  R.  J. 

Anderson  on,  790, 
Seals,  antarctic,  skulls  of,  Capt.  Barrett- 
Hamilton  on,  792. 
Bea-trater,  the  phytieal  and  chemical  eon- 

itante  <f,  R^ort  on  the  reoition  by  Dr. 

Martin  Eandien  of,  421. 
SsD&wtOK  (A.)  on  the  oecnpation  of  a 

tabU    <a    the   Zoological     Station   at 

Naplet,  380. 
on  inocetigationt  made  at  the  Marine 

Biological  Vaboratory at  Flymoiith,Z99. 

on  the  coral  re^i  of  the   Indian 

region,  400. 

Sedimentation,  tbe  inner  mechanism  of. 

Prof.  J.  Joly  on,  732. 
Seblbt  (Prof.  H.  a.)  an  the  regittration 

of  type  tpeciaent  of  Britith  foailt,  312, 
Seimologieal  ineeitigation,  Fifth  report 

on,  69. 
'Selachians,  the  br^o  ot  some  cansea  of 

biain-confignration  in,  Prof.  B.  Borck- 

bardt  on,  7S6. 
* ,  tbe  syBtematio  mine  of  the  ImtiD 

in.  Prof.  B.  BnrcUiaidt  on,  786. 


,glc 


966 


REPOBT— 1900. 


ewwe,  Bradford,  and  Ita  trmtment, 

F.  W.  BiohordBon  on,  TOT. 
— — .the  poUation  ot  sea-water  by,  the 

re^tion   of    Ulva   latUHsia   to,   Prof. 

Letts  and  J.  Qawthome  on,  936. 
— .-  sludge,   the   ntilisatloo    of,   Prof. 

W.  B.  Botlomley  on,  709. 
BlW^BD  (A.  C.)  on  botanical  evidenv 

twaring  on   tbe    climatie  and    other 

phjsical  condiiions  under  which  coai 

WBB  formed,  7iS. 
on  tbe  Joraasic  Sora  of  East  Toik- 

Bhire,  76E. 
and    ELIZAB£n'H    Dalb   on    the 

atrwctnrB    and    alBnities    of   DipterU 

omyujata,  and  on  the  gieological  luatorj 

of  the  Dipteridiiue,  946. 
SHAJtF  (D.)  mt  the  sooloffi/  of  the  Saftd- 

meh  Iilandt,  398. 
Shaw  (W.  N.)  on  electrvtytU  and  eleetro- 

etiMi^ttry,  34. 

oil praetital  llectrieal  itandardM,63. 

fiHELFOBD(R.),  obBenations  nn  mimicry 

In   Bomean   insects   by.   Prof,   B.    B. 

Ponlton  on,  795. 
Shekrikoion    (Prof.    C.     B.)    a%    the 

pkytiolcgUlal  tffeett  qf  pe-ptoTie  imdUt 

preom-ien  when  intredvced  into    the 

oirotilaiion,  4GT. 
■Shop  buildings,  E.  R.  Clark  on,  88'.!. 
Shom  (L.  E.)  en  th«  effect  of  eiioria 

fftaiKlaMDn  o%  the  volune  of  the  mb- 

mateilUtry  giatul,  4G8. 
Shovb  (R.  F.)  on  the  stractare  of  the 

Bt«ai  and  root  of  Angiopterit  eweta, 

939. 
Siberian  railway,  G.  K  Beasle;  on  the, 

814. 
SIDOWICK  (The  late  Prof.  H.)  on  ttate 

wumapoliet  in  otAer  oouTitriet,  i36. 
Slehe^er  eweavation.  Report  on  tke,  466. 
Silicates  in  igneons  rocks,  tbe  order  of 

the  fonuatioQ  of  the.  Prof.  J.  J0I7  on, 

730. 
suicides  of  the  alkaline  earths  and  silico- 

BCetjlerie  discovered  by  the  nse  of  the 

electrio  furnace,  C.  S.  Bradley  on,  699. 
Silver,   the    sensiiiveness    of,   to    light, 

Maj.-Qen.  J.  Wateihoase  on,  706. 
Bkbat  (W.  W.)  on  the  Natural  Bittary 

and  atknogTupiy  of  the  Malay  Penin- 

nla,  393 
Skeleton,  haman.  developmental  changes 

in  the,  from  the  point  of  view  of  An- 
thropology, Dr.  D.  Waterstonoo,  901. 
Skeletons,   ancient  Uf^ptian,   peiioiste 

humeri  in.  Prof.  A.  Macalister  on,  908. 
Skin-marks,  tattooing,  Jcc.,  H.  Ling  Both 

on,  907. 
Skihmbb  (S.)  on  eleatrolytit  and  eleetro- 

ohemUtry,  3*. 
Bmitk  (E.  a.)  on  thepretent  ttate  tf  aw 

'-—■-'  ^e^^the  tootofy  qf  the  SandmioX 


Shithxlu  (prof,  k.)  on  the  t»aekt»§  tf 

Scienee  in  Blementarg  SeheeU,  187. 
on  the  vuMement*  of  vttdergrtwKd 

icatert  of  ft-a«n,  346. 
•Smoke,  Dr.  J.  B.  Cohen  on,  707. 
in  the  north  of  Eneland,  the  in- 

flaence  of,  on  plants,  A.  Wilson  od,  990. 
Snow  ripfdes,  Vaaghaa  Cornish  on,  816. 
Solar  radiatioa.  Interim  report  an.  S8. 
SOLLAS  (Igema  B.  J.)  on  Saiadita  frmn 

tbe  Upper  Rhtetic  of   Bedland,  near 

Bristol,  753. 
(Prof.  W.  J.)  on  the  erraOf  Msrt* 

of  the  Britiih  Itlet,  313. 
,  Address  to  the  Section  of  Geology 

by,  711. 
on  a  possible  coalfield  in  the  London 

basin,  739. 
Seru-thnuHTMTdaa  mnsiens)  and  Wtdte 

WagtaU  ( HotaciUa  alba),  the  moratory 

habits  of  the,  W.  EagU  Clarke  en,  403. 
Sooth  Aftioan  war,  some  economic  con- 

seqnences  of  the,  L.  L.  Price  on,  817. 
Space,    multiple,    the    use    in    spplied 

mechanics  of,  H.  S.  Caralaw  on,  614. 
Speetra,  abiorption,  and  ehetnicateoMtitm- 

tion  if  organic  bodiee,  Sep«rt  on  tie 

relation  betmeen,  151. 
qf  tieelementt  and  coinpotindt,iBaM' 

leagth  tablew  i^the,  RepMt  on,  193. 
. — -  a  method  of  comparing  correqioa- 

dences  between,  H.  Bamage  on,  6^ 
^eetrotoopy,  the  biHi'vapkyof,  Interim 

report  m,  ISO. 
■Speotnim,  solar,  the  Infra-red  of  Uie, 

Dr.  S.  P.  Langley  on,  669. 
Staffordshire,  North,  rapid  charges  in  tlw 

tliickness  and  character  of  the  Cosl- 

Heasnrea  of,  W.  Gibson  on,  743. 
Staplhtoh  (H.  E.)  and  Dr.   S.  Ruaa- 

MASM   on  the  synthesis  of   benio-Y* 

pyrone,  703. 
an  the  combination  of  thiofAuwl 

and  guaiacol  with   the  estera  of  tbe 

acetylene  series,  701. 
sua  positions  on  photographic  plates,  a 

cheap  form  of  micrometer  tor  detir- 

miningi  Prof.  H.  H.  Tnmer  on,  676. 
Btarch,  the  formation  of,  from  '^t 

aldehyde  (diose),  H.  Jackso>e   4H* 
Starling  (Prof.  E.  H.)  on  tliM/nfy^ra' 

Uve  hMolagy  <f  the  cerebral  eortem,  4U. 
on  eteetrieal  ohangee  i*  mummaHam 

nerve,  4GG. 
an  the  eff  ct  of  ekorda  tt\wMiati»n 

ontherolvme^  the  tubsuaillarjf  gland, 

168. 
State  vtonopoliet  te  ether  eauntriM,  In- 
terim report  on,  436. 
Stathbb  (J,  W.)  en  tike  erratie  Neeh 

qfthe  British  Itlet,  31B. 
on  the  source  and  dictribatloa  of 

the  far-tnTeUed    bcmlden   of   EMt 

Toiksliiie,  7G9. 


,  V,  Google 


Stathzb  (J.  W.)  on  the  glaoiftt  pbeno- 

meiw  ot   the    nortli-eut  cotn«r   of 

tfa«  Yoricshlre  WolcUi,  760. 
*8iHAD  (J.  B.)  on  the  mutual  lelatlona 

of  iron,  phoephonu,  and  oaibon,  when 

tt^ether  in  out  iron  and  steel,  698. 
'Stetim,  the  netneas  of,  a  new  fonn  of 

calorimeter    for   mMsming,   Frof.  J. 

Goodnum  on,  882. 
Stxbbinq  (Bev.  T.  R.  R.)  on  tAn  eoinpHa- 

tios  <!/' M  in  ' 


fyeietiat  Committee,  670. 
'Steel,  the  internal  aichitecbnie  of,  Prof. 

Arnold  on,  882. 
Stem  and  root  ot  Aitgioftarit  evteta,  the 

■irootnre  of  the,  B.  F.  Shove  on,  938. 
to  lOOt-HtmotnrB,  a  fourth  type  of 

tnmrition,  ooctuiing  in  cortAin  hiodck 

ootyladonons  wedliDgs,  Ethel  Sargant 

oii,B37. 
Sterna  referred  to  ArMuarimnloit,  the 

primaiT  slratitDre  of  certain.  Dr.  D.  H. 

Soott  on,  946. 
St^psamob  (CTpwiwoa)  on  the  lelationi 

between     projectiTe     geometry     and 

mechanics,  644. 
'StoreochemistrT-,  recent   developments 

in,  W.  J.  Pope  on,  701. 
BTOKsa  (Sir  Q.  O.)  on  tolar  radiation, 

36. 
(Prof.  O.  J.)  on  the  lenae  of  ellort 

and  the  perewtioo  of  force,  012. 
'Stomata,  the  effect  of  the  olorue  of,  on 

the  assimilation  of  plants,  Dr.  F.  F. 

Blackman  and  Uiss  Mattluei  on,  9S4. 
Stone  age  In  Tasmania  sa  related  to  the 

histoiy  of  oiTilisation,  E.  B.  l^loi  on, 

897. 
age  of  Borneo,  relics  of  the,   Dr. 

A.  0.  Haddonon,  901. 
—^  drelei,  Intvrim  report  on  iiuieM- 

gatimu  of  t\»  age  tf,  4SX. 
implements  of  the  natWes  of  Tsa- 

mania,  J.  P.  Moir  on  some,  896. 
Stohbt    (Dr.    Q.  Johnstone)  on  tolor 

radiation,  36. 

anpraetioal  tUolrieal  itatidari*,  G3. 

. en  tAe  vni/ormity  of  tite  of  page*  i^ 

Beientifio  Soetetiei'  pvUieatient,  46. 
Stsaban(A.)0i«  life-€Onetin  t}te£riiUJi 

Carloni/eToui  rodu,  340. 

on  the  origin  of  ooal,  746. 

•Strata,  •  table  of.  Dr.  H.  Woodward  on, 

786. 
Stboh  (A.)ni  tlie  B^.  tormt  gavgi, 436. 
Stbovd  (Prof.W.)  on  dater^ning  wtag- 

netie/oree  at  lea,  46. 
Stupaxt  (B.  F.)  on  tie  Steteorolofioai 

OUeroatoTy  at  Xontreal,  93. 
iMMOoriUitrir  gland,  Seport  p»  tite      eat 

of  eJtorda  itimuMian  m  tie  vol     e  ^ 

tie,  4SB. 


tx.  967 

Sugar  beet  In  England,  the  economic 

pOBibililiea  of  the  growth  of,  A.  D. 

Ball  on.  641. 
8ultb(B.)m«n  etlmoUgUal  awwy  ^ 

Catuida,  466,  470. 
Snn-epot  dlstnrfaanoBs,  the  typea  of,  Ber. 

A.  L.  OoTtia  on,  676. 
SuprarenaleapMilei.Inierimreport  ontie 

hxeteiogg  if  tie,  462. 
'Snrfaoe  te&aion  of   mlztnTei  and  the 

onephig  of  liqnida,  Di.  F,  T,  Tionton 

on,  628. 
*SDrTera,  fbrdgn  and  oolonial,  B.  Q. 

Bavenstein  on,  811. 
SwlSBUBHB  (J.)  m  tie  tmiformitf  if  ska 

of  pofu  1^  Beim^fia  Societies  maUea- 

tioni,  i5. 
*Sykbb  (Uark  L.)  on  mlmiory  and  pm- 

teotiva  teaamhlauoe  in  Inaeot*,  797. 
ByMcultnie,  British,  S.  Margerjaon  on, 

930. 
■Stmikstdx    (Prof.   Johnson)  on    the 

development  at  ttie  oetaoean  flimcr, 

789. 
• on  the  artioiilal^ons  between  ttie 

occipital  bona  and  atlas  and  axis  in 

the  Mammalia,  789. 
Smoss  (The  late  O.  J.)  on  leitutobfieai 

invettiffotion,  B9. 

on  t&e  eWi»ateU>n  of  AfHea,  418, 

on  tie  reork  if  the  Corre^oniing 

Soaietiet  Qmmittee,  670. 


Table*,  Seport  on  viatiematioai  (J.  nen 

Canon  Aritiautioiu),  4S& 
Takguat  (AbM)  on  an  etinologieal  jvrwy 

if  Canada,  468. 
TABBUnr  (A.  0.)  on  oondacting  tianies 

of  Bryophytea,  987. 
Tasmania,  implemsnts  of  tJie  natives  of, 

J.  P.  Moir  on  aome,  896. 
the  Stone  age  in,  as  related  to  the 

history  of  civiUsstion,  B.  B.  Tylor  on. 

Tattooing  and  other  skin-marks,  H.  Ung 

Both  on,  907. 
'Taylor  (T.  H.)  on  the  tracheal  system 
of  SinttAuM,  a  problem  in  respiration, 
790. 
Thall  (J.  J.  H.)  on  tie  eolUotion  ^ 
phategrapi*  tf  geoiogioai  interett  In 
the  United  Sngdom,  350. 

on  the  platonio  complex  of  Croo- 

"    '  '   'ts  bearing  on  CDirent 

the  geneais  of  ignaons 


hypott 


.760. 

Telephony,  wireless,  Sir  W.  H.  PTeece  on, 
638. 

Temperature,  the  relatione  of  radiation 
to,  Dr.  J.  lonnor  on,  667. 

Terrestrial  magnetiam  and  latitude- 
variation,  tba  conneoUcn  lulmwi. 
J.  Halnt  on,  <S0. 


,  V,  Google 


968  BBFOBT- 

Textile  de^gtu.  Om  phok^fnphlc  method 
of  preparing.  Prof.  Boberts  Beaumont 

OD,  SSI. 

• indoBtriea,  Bome  recent  develc^ 

meoti  in  the.  Dr.  A.  Liebmaim  on, 

706. 
patterns    of   the   Sea-Dsjaks  of 

Sarawak,  Dr.  A  C.  Uaddou  on,  901. 
U'hiophenolacdgaaiacol,  tbecomblnattDn 

of,  with  the  esterB  of  the  scidi  of  the 

acetylene  series.  Dr.  S.  Kahomann  and 

H.  B.  Stapletoo  on,  704. 
Thirlmere  Beaerroir,  beach  formation  in 

the,  B.  D.  Oldham  ou,  763. 


938. 
• (J.  W.)  on  the  phydoal  effects  of 

ninda  in  towns,  and  their  infioenco  on 

ventilation,  662. 
Thompsos  (Prof.  S.  P.)  on  thu  vni/brvrity 

of  lize    of  pagtt  of  Soimttifie  SooUUnf 

piiblicatiom,  iB. 
— . —  on  radiation  fm»  a  towee  of  Ugkt 

I A  a  ma-gnetie  Jield,  S2. 

on  jmurtical  eUetrieal  ttandardt, 

G2. 

on  the  teaching  of  loienee  in  eUtnen' 

tary  loiooU,  1ST. 
* on    the    constractioD    of    Uage 

dynamos,  as  ezeuplifled  at  the  Feiia 

Exhibition,  877. 
(Prof.  W.  H.)  eit  the  phytioIi>giiMl 

fffectt  ef  peptone  and  itt  proaurtiprt 

nhen  introduced  into  the  circvlatien, 

457. 
Thomson    (Prof.    J.    J.)    on   practital 

elecirieal  ttandardt,  63. 
TlDDEMis  (R.  H.)  en  the  erratic  lloehi 

of  the  lirititk  Itlei,  343. 

on   the  formation  of  reef-knolls, 

740. 


TILDBN  (Prof.  W.  A.)  on  the  inveHi^a- 
tion  of  isomerie  najihthalene  deriva- 
tive!, 297, 

Tissues,  embryonic,  Prof.  Harahall  Word 
on,  343. 

TocHBB  (J.  F.)  and  J.  GBAT  on  the 
physical  cbaracteriatics  of  the  popala- 
tion  of  Aberdeonehlre,  913. 

Todd  (Prof.  David  P.)od  the  application 
of  the  electric  telegraph  to  the  f  ntther- 
anoe  of  eclipse  research,  673. 

on  the  [fetation  of  ecIipBe  Inatru- 

meotfl  automatical ly,  673, 

on  the  adaptation  of  the  principle 

of  the  wedge  photometer  to  the  bio- 
giaph  camera  in  photographing  total 
eclipses,  674. 

■Tracheal  systeni  of  ^mulium,  T.  H. 
Taylor  on  the,  7fl0. 


Traction,  the  reBlstaoM  of  road  rehicla 

to.  Prof.  Hele  Shaw  on,  866. 
Tractive  force,  resiatance,  and  aocelen- 

tion  of  trains,  the  meBBoromientaf,  A. 

Mallock  on,  877. 
Trade  flnotnations,  J.  B.  C.  Kenhaw  mi, 

84S. 
Tramp  and  the  loafer,  the  treabnent  of 

the,  W,  H.  Dawson  on,  861. 
*TrBmwBj  constmctdon,  recent,  W.  Daw- 
eon  on,  877. 
Transvaal  and  tbe  Ortuige  Kiver  Colony. 

the  imperfection  of  oar  knowledge  of 

the  Black  Baces  of  the,  E.  S.  Haitland 

on,  904. 
Traqitaib  (Dr.  B.  H.),  Address  to   the 

Section  of  Zoology  bg,  768, 
*Tbouioh  on  the  cree^ng  of   liquids 

and  the  snr&ce  tension  of  e  *  ' 


911. 
TuoEBB  (W.  T.)  M  Mo  «rr«tie  MoMb  of 

the  BritUk  liUi,  313. 
TUBKHR  (Sir  WUUam),  iVMutmfioJ  Ad- 

dreu  at  Bradford  iy,  3. 
on  a  mould  showing  the  finger- 

prints  of  a  Bomaa  sculptor  of  probably 

the  third  centnry,  90S. 
TuBKEB  (Prof.  H.  H.)  «a  oeiiwulogieal 

inrMfi^otion,  59. 
on  a  cheap  form  of  miorometaT  for 

determining  star  positions  on  pboto- 

gnphic  plates,  676. 
Ttlob  (Prof.  E.  B.)   an  Mi  etiaulesieal 

rareoy  qf  Canada,  468. 
on  tbe  Stone  age  in  Tasmania  as 

related  to  the  history  of  (dvllisataon, 

897. 
Type-foMili,  the  registration  of.  Rev.  J. 

F.  filaks  on,  744. 
Typetpeainauitf  BtitithfomU,  Refort 

on  the  reyittratitm  qf,  313. 


1,  S34. 
and  Its  relation  to  the  pollnUon  of 

«ea-wat«r  by  sewage.  Prof,  Iictta  and 

J.  nawtliome  on,  93S. 
Undergrmmd  ntOeri  of  Graven,  Seport 

on  the  tMvementt  qf,  346. 
of    Korth-west    Torkahlre, 

Rev.  W.  Lower  Carter  on  tlie,  73S. 
UpkiU,    WcMtan-nMar-Marf,   Report  «» 

the  eaoacation  ifearet  at,  342, 
UaSHXR  (B.   J.)  an  the  exploration  tf 

cave*  in  Ireland.  340. 


^ ';  the  tiffeet  ^  chorda  It 

latien  on  the  vohme  efti»  tuimaxiBirf 

gland,  168. 


..Google 


TeotoT  poUntiAl  of  electila  cniMnts  in  a 

field  where  diBtmbauceB  ara^opa- 

gated  with  Quite  velocitj,  B.  H.  Bor- 

bniT  on  th«,  636. 
Tehldes,  the  raUtance  of  road,  to  trao- 

tloD,  Prof.  Hele  8hsw  on,  SSS. 
Viogi^,  J.  Brown  on  ths,  870. 
ViKOBNT  (Swale)  en  tke  hUtology  iftU 

nprartnal  oanmUt,  462. 
VIKBB   (Prol.  8.  H.)   im  iTtreitigatioTU 

iBad«  at  tke  Marine  Biolagital  Atto- 

fiatioa  Laboratory  at  Ptj/moutk,  399. 
,  Addnei  to  the  Section  ot  Botany 

by,  916. 
Tiilon,  an  oxperiment  on  simoltaneoiu 

oontrast,  O.  J.  Bnrch  on,  629. 
Tolt-  and  ampere-meter  f  orlectuie-roomi, 

F.O.Bail7ona,643. 
TuiLLBHiN  (Prof.  P.)ontheazygosporeB 

of  ErUomBphthora  glatapora,  943. 


W^QBB  (Hacold),  Demonstntion  of  tbe 
etrnctnre  and  attachment  ot  the  fla- 
gellnm  in  Buglena  viridi*  by,  931, 

-^ —  on  the  behsTionr  of  tbe  nucleolns 
during  fcaryofclnesia  in  tbe  root  apex 
oE  P/Uueolut,  944. 

Wages,  vailatloni  of,  in  «oma  oo>putner- 
sMp  worksbope,  with  aome  oomparieoos 
with  non-00- opentive  indoatries,  B. 
Habtead  on,  S49. 

Wjj,eir  (Ftank  P.)  on  the  econoinioal 
poflitioa  of  the  agricDltoral  labontec 
coiirideied  histciically,  842. 

* (N.)   on  the  itrnctnn  and  life- 

hiatoiy  o(  the  Qoosebeity  Sawfly,  790. 

(W.  O.)  on  the  reheating  of  com- 
pressed air,  SS3. 

Wallib  {R.  White)  on  the  menUiX  and 
'  pkj/$ieal  dtfeeU  ef  ckUdren  lit  ichoolt, 
461. 

Waluiblbt  (A.  T.)  on  tbe  use  of  ex- 
panded metal  in  concrete,  ST3. 

Ward  (Prof.  Marsball)  on  auimilation 
inplanti,  669. 

on  embryonic  tiasaea,  043. 

Wabkeb  (Or.  Francis)  on  the  pKytical 
aindnaitald^eettofohildrenintelMoU, 
461. 

Water- bottle,  the  Pettetsson-Nansen 
insnlatlng.  Dr.  E.  B.  Hill  on,  819. 

f  Water- animly,  with  a  desciiption  of  ths 
Bradford  Waterworks,  J.  Watson  on. 


7oe. 

Waters,  moorland,  a  limiting  standard 
of  acidity  for,  W.  Ackrayd  on,  695. 

WATEBfiTOif  (Dr.  DaTid)  on  derelop- 
mental  changes  in  thehnman  skeleton 
from  the  pomt  ot  Tiew  of  Anthropo- 
logy, 904. 


Watkih  (Col.)  on  tb  BM  lerfmgaugr, 

4S6. 
Wattmeter,  a  combination  integnUng, 

and  mazimam  demand  indicator,  T- 

Sarker  on,  878. 
Watth   (Dr.   Hanhall)   on  mato-lenffth 

tablet  of  the  ^ectra  of  the  elementl  and 

coapoundt,  193. 

(Prof.  W.  W.)  on  the  nunementt  qf 

vndersround  materi  i>f  Craven,  346. 

-on   the  oaUeetion  of  photosrofk*  if 

geologioal  iniereit  in  the  United  Sing- 
dim,  360. 

—  on  the  ipori  iif  the  Cerreiponi^ 
Seoietiat  Gnmnittee,  CTO. 

f  Watson  (J.)  on  water  snpply,  with  a 
description  of  tba  Biadfoi^  Water- 
works, 867. 

-—  (W.)  on  delernlAiny  ma/netia 
fores  at  lea,  4S. 


Waoe-lrngthi,  Index  to  the  tablet  if,  in 

the  Beportifnm  1S84  to  1900,  193. 
Wavo9,     eleolric,    the  propagation    of, 

along  parallel  wires,  W.  B.  Uorton  on, 

666. 
Wealden  Series  in  England,  tbe  age  of 

the,  O.  W.  Lamplngb  on,  TSfl. 
Wbbbbb  (MaJ.-Qen.)  on  the  B.A.  teren 

gavge,  436. 
Wbdd  (C.   B.)  on  the  ootcrop  ot  tbe 

corallian  limestones  ot  Elsworth  and 

St.  Ires,  746. 
Weiss  (F.  B.)  on  a  gymnosporanj^om 

from  China,  931. 
WXLOB  (B.)  on  the  eoUeetUm  ef  photo- 

graphs  of  geoloffieal   intereit  in   the 

United  Singdam,  360. 
Wbldon  (Prof.  W.  F.  B.)  on  the  oomt- 

potion  of  a   table  at    the   Zoologieal 

Station  at  Tfaplel,  380. 
oninveitigationttnadeat  the  Marine 

Siologieal  Auoeiation  Laboratory   at 

Plymouth,  399. 
Wellbubb  (Bdgsr  D.)  on  the  fish  taona 

of  the  Toriohire  ooalfielda,  749. 
——  on  some  fossil  flab  from  tho  Uill- 

stone  Grit  rocks,  760. 
Wkthbt  (E.    B.)  on  commeroial  geo* 

giaphy  in  edncation,  810. 
■Wheatatone'a  bridge,  a  form  of,  E.  H. 

OrifBths  on,  656. 
Whbthak  (W.  C.  D.)  on  eleeirolyti*  and 

eleotro-ehetaiatTy,  S4. 
Wbidsobke  (Bev.  Q.  ?.)  on  the  regit- 

tratien  cf  type  ipecUneni  of  BrUnth 

fottilt,  342. 
Whipplb  (Bobert  8.)  on  an  improved 

ttandofd  retUtanoe  eoil,  6G, 
Wbitakbb  (W.)    on    the   work  (ff  tha 

Corre^fonding     Soeletlet     Comnittee, 

670. 


.glc 


970 


L  (C,  T.)  on  the  dantkni  of 

totBlitr  of  tho  Mlar  ecllpM  of  Uaj  18, 

1900,680. 
•__  on  tfa«  dnntion  of  annnluitjr  In 

m  lolMr  eolipM,  680. 
*WiLEiirsoK  (J.  J.)  on  tbe  phaiynx  of 

BrittaUt,  790. 
WiLLUJU  (J.  lilofd)  on  genninfttion  of 

tbe  zooapora  in  Ldmiiuuiacen,  936. 
(Prof.  W.  Cbrioton)  on  eUetrofyti« 

m^iodt  ij/"  eh&miiat  analfiiM,  171. 
■Willis  (Dr.  J.)  on  tbe  ooiutniction  of 

magio  aqmueg,  6iO. 
WiUON   (AlbOTt)  on    the  great  smoke 

olood  of  tbe  nOTtb  of  England  and  its 

inBnenoeon  i^anti,  980. 
• (Dr.  Ongg)  on  the  nesting  habits 

of  OmithorhrneJMt.  TS4. 
(J.  B.)  ofia  gladal  eztra-noralnic 

lake  ooeapnring  the  rallej  of  tin  Bnd- 

tord  Beck,7B5. 

(W,  E.)  Mttlar  radiatian,  38. 

Wimfl,  tbe  inflaence  of  the,  dniing  pest 

geokigioal epochs  P.  W.HanDeroD.TB^. 
* in  towna,the  physical  effects  of, 

and  theii  InSnence  on  Tentllation,  J. 

W.  Thomas  on,  662. 
Women,  labonr  legtslatiou  for,  Margaret 

B.  HacDonald  on,  S60. 
■Wood  (Butler)  on  the  prehistoric  anti- 

qoiUes  of  Bnmhald's  Moor,  9IS. 
(Sir  H.  T.)   *n   tkt   BM  tentf 

gaitfe,  436. 
WooDALL  (H.  J.)  and   Ueat.-Col.   A. 

CnHHiNaHAX  on  the  determination  of 

•DCceitriTe  hlgb  primes,  646. 
WooDHKAD  (T.  W.)  on  the  stractnre  of 

tbe  root-nodnlee  of  Aliuu  gltUtntna, 

931. 
WooDB  (H.)  en  the  regUtratim  t^  type 

ipeeinmt  a/  SritiikJetHU,  34S. 
Woodward  (A.  8.)  on  tJte  retutratien  of 

type  ijwtfiiwjw  qf  BritUh/attil*,  34B. 
(Dr.  H.)  on  l^g-amet  in  the  SritUlt 

Carbett^ermu  roelu,  310. 
— —  en  the  rtgittratum  cf  type  ipeoimen* 

of  BritUK/anU*,  342. 
mt   the    Bon^lation   of    an    indem 

genemm  et  tpeexerum  aHimaUum,  382. 
• on  a  table  of  airata,  735. 


WOODTABD  (H.  B.)  ON 

phategrtflu  ^  geeio^eal   iHtarat  te 

tie  United  Kmgiom,  SCO. 
'Woolcomben'  efflae&ta,  tbe  treatment 

of,W.  Leach  on,  708. 
WooLHOUOH   (F.)    en   tiM  eelleetien  if 

phatogTcmk»W geoiojieai  intereet  ta  (if 

r/ntUdSntdom,XO. 
WoBBDiLL    (W.    C.)  OB  the  origin  of 

modem  Cycade,  938. 
Writing  in  ancient  ^7pt,  the  S7>teiii  of, 

F.  LL  Oiifflth  on,  899. 
in  prehistotio  Oraeoe,  A.  J.  Etmh 


FoKXBBisa,  the  defmslTe  eerthwoika  ot 

Uis,  E.  Annitage  on,  913. 
,  North-west,  the  nndergromtd  watei 

ol,  Bm.  W.  Lower  Carter  on,  73S. 
— •,  Weet,  the  anthropology  of,  Dr.  J. 

Beddoe  on,  902. 


Zmei,  l^e-,  in  tie  Brititk  Oarbon^erem 

reekt,  Bepert  tm,  340. 
Oelegieal  Satimi  at  Ifaplet,  SepeH  en 

the  eenipatien  ^  a  table  at  tie,  3S0. 

I.  Jfate  by  the  Chairman,  381. 

II.  Bepert*  en  tht  aeimpati«n  vf  tit 
taU«,  368. 

in.  litt  efnatitraliete  tehe  iaee  waried 

at  tie  Station  from  Ju^  1, 1899,  te 

An«  30, 1900,389. 
IV.  Ltet  ef  papen  pabUeied  in   1899 

by   nattiraUttt   leko   iave    eecified 

tatUe  at  the  Station,  390. 
T.  Liet  of  PtibUoatiem  ^  the  Station 

fortkey«aronMnfJnHe3O,lW0,sai. 

Zoology  of  tie  Sandivioi  Iilande,   Tinth 

report  en  tie,  S9S. 
,  Address  hj  Dr.  B.  H.  Traqcaib 

to  tbe  Section  of,  768. 
Zoospore,   the    germination    of   the,   in 

LaininariBceE,  J.  Lloyd  Williams  on. 


n,gti7cdT:G00glc 


BEinSH   ASSOCIATION   FOE   THE   ADVANCEMENT 
OF  SCIENCE. 


Life  Members  (eince  1845),  and  all  Annnal  Ifembers  who  havii  not 
Intermitted  their  Snbsoription,  receiTe  gratis  all  Beports  pnblisfaed  after 
the  date  of  their  Membership.  Any  other  Tolnme  they  reqatre  may  ba 
obtained  on  application  at  the  Office  of  the  ABBOoiation,  Bnrlington 
House,  Piccadilly,  London,  W.,  at  the  following  prices,  tiz.— Reports  for 
1831  to  1874  {of  which  more  &an  15  eopiet  remain),  at  2t.  6d.  per  Tolnme ; 
after  that  date,  at  two-thirds  of  the  Publication  Price.  A  few  sets,  fron 
1831  to  1874  inclusive,  may  also  be  obtained  at  £10  per  set. 

Auoeiate*  for  the  Meeting  in  1900  aiKJ  obtain  the  Volome  for  the  Teu  at  two-thirda 
of  the  Publication  Price. 


REPORT    OP    THE    SIXTY-EIGHTH    MEETING,    at    Bristol, 
September,  1898,  Published  at  £1  it. 

OONTKNTS. 

Bales  of  the  Associslion,  Lists  of  Officers,  Grants  of  Money,  Ice.        ,         xxiz-oxfi. 

Address  by  the  FreBldent,  Sir  William  Crookes    , 8 

Report  of  the  ConeBpondlng  SocieUoB  Committee 41 

Report  of  the  Committee  for  the  EHabliBhment  of  a  Meteorological  Observa- 
tory at  Montreal 79 

Report  on  tbe  Comparison  and  Bednotioo  of  Magnetic  Observations  ...  80 
Stream-line  Motion   of   a  Tlsoons  Film.     Sy  Professor  Hgle  Bbaw  and 

Sir  Q.Stokes 138 

Report  on  tbe  CalcnlatJon  of  Tables  of  certain  Mathematical  Fonctions    .        .  140 

B^wrt  on  Blectriosd  Standards 146 

Interim  Report  on  Electrolysis  and  Blectro-i^mistry 1^ 

On  tbe  Use  of  Logarithmic  Oo-oidinates.     By  J.  H.  Vinobnt    .        .  .169 

Third  Report  on  Beiamological  Iaveatig*ti<H) 179 

Report  on  Meteorologloal  ObserrBtions  on  Ben  Nevis ^7 

Bightb  Report  ou   the  Application   of  Fbotogiaphy  to  the    ElacidaUon  of 

Meteorologloal  Pbenomemi 283 

Report  on  the  Action  of  Light  npan  Dyed  Colocn 2BS 

Third  Report  on  the  Carbohydrates  of  the  Cereal  Straws 298 

Tiftfa  Report  on  the  Blectrolytio  Methods  of  Qnantitstive  Analysis   .                 .  294 

Report  on  Isomeric  Naphthalene  Derivatires r  '    *  ^^f  . 


InUrim  Beport  tm  the  Promotion  of  Agricnltare 312 

Bq;>oit  on  tbe  Prapanttion  of  ■  Sew  Seiiee  of  W&Te-leiigtli  TablM  of  the  Spectn 

of  the  Elements  »nd  Compoonda 313 

Report  m  the  Teaching  of  Science  In  Rlementaty  Schools 433 

Boport  on  the  Bibliogrophj  of  Bpeotrowop; 43? 

Fonrteeoitb  Beport  on  the  Foesil  PbyllopodK  of  the  Folaeoioio  fiocka .               .  GI9 

R^p^  OD  Can&dlan  Pledatooone  lion  nod  FKnon 622 

B^ort  on  the  Llfe-iooe*  in  the  Britiah  Ouboniferona  Kocks      .        .        .         .  R29 

Ninth  Beport  on  Photographs  of  Qeoloffio&l  InteiMt  in  the  United  Kingdom  .  630 

Pint  Beport  on  Photc^wiu  of  OeologKial  Inteieit  in  CanedK  ....  ME 

Keport  on  the  Bemftint  of  the  Iriih  Blk  tonnd  in  the  Isle  of  M&n                        .  GU 

Third  Beport  on  the  Emtio  Blocto  of  the  BriUih  lalea 661 

Beport  on  the  Stniotare  of  a  Coial  Beet 556 

Final  Beport  of  the  BuTTpterid-beariiig  Bocks  of  tbePentlandHilla                  .  6ET 

Eighth  Beport  on  the  Zoologr  of  the  Sandwich  Islanda 658 

Interim  Bq>ort  on  Zoologl<^  Blblit^iaph;  and  Publication  ....  558 
Third  Report  on  the  EIncidatton  of  the  Life  Conditions  of  the  Ojster  ondet 

Hoimal  and  Abnormal  EnTiroDmentiloclading  the  ESectoI  Sewage Mattera 

and  Pathogenic  Organiuna 569 

Interim  Beport  on  the  Working  ont  of  tlie  Details  of  the  ObaetTAtlona  of  the 

Higtulon  of  Birds  at  Ltghthonses  and  LiRhtshipe,  1830-87         ...  669 

Beport  OQ  the  Compllatian  of  an  Index  Animalium 570 

Beport  on  certain  Caves  in  the  Malaj  Peninsola 571 

First  Reparc  on  the  EstablUhment  of  a  Biological  Station  in  the  (ia\t  of  St. 

Latrrenoe 6SS 

Report    on    Investigations    made     at     the    Uarine    Biological     L^Mntorf, 

Plymonth 5S3 

Beport  on  tiie  Oooapation  of  a  Table  at  the  Zoological  Station  at  Naples .  58T 
Phott^^i^hio  Reoords  of  Pedigree  Stock.     By  FRABolB  Galton        .        .        .597 

Seventh  Report  on  the  Cllmatolog?  of  Africa 603 

The  Mechanioal  and  Eoonomio  Problem  of  the  Coal  Qaeation.    By  T.  Fouter 

Bbowh 611 

A  New  Inttmment  for  Drawing  Envelope!,  and  its  AppUcaUon  to  the  Teeth  of 

Wheels  and  for  other  Pnrpose*.  Bj  Professor  H.  ti.  Hblb-Shaw  .  G19 
TUld  Beport  on  the  Moans  bj  which  Practical  Effect  can  be  ^ven  to  the 

latrodaction  of  the  Screw  Oaage  proposed  by  the  Association  in  ISSl  .  637 
Twelfth  and  Final  Beport  on  the  North- Western  Tribes  of  the  Dominion  ol 

Canada 6S8 

Interim  Beport  on  the  Anthropology  and  Natoral  History  of  Torres  Straits      .  eSd 

Keport  on  the  Silohester  Excavation 689 

Beport   on    the    Mental   and  Physical   Deviations  from  the  Normal  among 

Children  in  Public  Elementary  and  other  Schools 691 

Third  Report  on  the  Lake  Village  at  Qlastonbnry 694 

Second  Report  on  an  Ethnological  Survey  of  Canada 696 

Sixth  Beport  on  an  Ethnographical  Survey  of  the  United  ElDgdom   .  .713 

Second  Report  on  the   Changea  which  are  associated  with  the  Fnnctional 

Activity  of  Nerve  Cells  aai  their  Peripheral  Extensions  ....  714 
Second  Interim  Beport  on  tbe  Physiological  Effects  of  Peptone  and  its  Pre- 

cnraoTB  when  introdnced  into  tbe  Circnlatlon 7!0 

Beport  on  Fertilisation  in  Pheeophyceie TSa 

International  Conference  on  Terrestrial  Uagnetism  and  Atmospheric  Bleetricit7  733 

The  Tnaaaotlons  of  the  Sections i67 

Index 1071 

LiatofPnblintians lOM 

(Appendix,  List  of  Members,  pp.  1-112.) 


n,gti7cdT:G00glc 


Field  . 


REPORT     OF     THE     SIXTY-NINTH     MEETING,    at     Dover, 
September,  1899,  PuUuhed  at  £1  it. 

CONTBNTS. 

BdIm  oI  tho  AModatlon,  Usta  of  OJIlo«i^  Boport  of  the  CoqdcO,  lAtt  of  Com- 

taltt«ea,  Onnta  of  Hooej,  to.      .,..,.,       xiiE-Ocrir. 

Address  by  tiie  Pnsident,  8ii  HiohHl  Foatai 3 

HepoTt  of  the  OanMpondlnff  SodetiM  Committoe       .... 
Pniiminary  Beport  on  Badutlon  from  *  flooroe  of  Light  in  ■  Hagnetu 
IlapoTt  on  the  Method  of  determining  Magnetic  Force  at  Bea    .        .  .      _  _ 

Bepoit  of  the  CommittM  tor  the  Eatabliabineiit  of  a  U^teoTologieal  Obserra- 

toi7  at  Uontieal 65 

Report  on  Tables  of  the  O  (r,  r)-IntegTals 66 

beport  on  the  ProgTeaa  of  the  Solnticm  of  the  Problem  of  Tbiee  Bodies.    Bj 

B.  T.  Wbittakxb 121 

Beport  on  tbe  best  methods  of  reooiding  the  Direct  Intensity  of   6oUr 

Badiation 1S9 

Bepoit  on  tbe  present  Btale  of  our  Knowledge  in  Bleotrolyaia  and  Blectro- 

chemtstr; 160 

Beport  on  the  Calimlation  of  certain  Mathematical  Functions   ....    140 

Fourth  Beport  on  Seismologioal  InvesttgatioDS 161 

Beport  on  tbe  Application^  Photography  to  tbe  Etocldation  of  Hetoorological 


Bepoit  on  Blaelxieal  Btandaids 210 

Beport  on  the  Heat  of  Oombination  of  Matala  in  the  Formation  ol  Alloys .        .  2t6 

Bepoit  on  Ueteoro1<«ieal  Obaerratioas  on  Ben  Nevie 260 

B^xvt  on  tbe  Establishment  of  a  Uniform  Bystem  of  recording  the  Besnlts  of 

the  Chemioal  and  Baaterial  Examination  of  \yater  and  Sewage  .                 .  3SG 

Interim  Beport  on  the  Bibliography  of  Spectroscopy 2S6 

Beport  on  the  Preparation  of  aNew  Series  of  Wave-length  Table*  of  tbe  Spectra 

of  tbe  Elements  and  Compounds 2ST 

Bepoit  on  the  Belation  between  tbe  AbeoiptionSpectnand  Chemical  Constitn- 

tion  of  OrsBDio  Sabatanoes 316 

Report  on  the  Teaching  of  Science  in  Elementary  Schools         ....  969 

Beport  on  Isomeric  Nl^thaleusDerivatiTBB        ....                 .        .  3<2 

Report  on  the  AoUon  of  Light  upon  Dyed  Colours 363 

Report  on  the  Ufe-iones  in  the  British  Carboniferoos  Rocks  ....  371 
Beport  on  the  Conditiona  nndei  which  Bemains  of  the  Irish  Blk  are  found  in 

the  Ide  of  Man 876 

Tenth  Beport  on  Fhotographs  of  Oeological  Interest  in  the  United  Kingdom     .  377 

Beport  on  the  Erratio  Blocks  of  the  British  Isles 393 

Beport  on  Uie  Osaifeioua  Caves  at  Upliill.  near  Weston 102 

Fifteenth  Beport  on  the  Fossil  niyUopoda  of  the  FaUeoioic  Bocks    ...  103 

Report  on  tha  Begistiation  of  Type  Specimens  dI  British  Fossils                       .  406 

B^KHi  on  the  Ty  Newydd  CaTea,  nemrirdiion,  Korth  Wales    ....  406 

R^Ktrt  on  the  Canadian  Pleistocene  Fior»  and  Fauna Ill 

Beport  of  the  Committee  appointed  to  make  Pbotogiapbio  and  other  Beeords 

of  the  Disappearing  Drift  Seotion  at  Moel  Try£iiea Ill 

Beport  of  the  Committee  iq^pointed  to  promote  the  Systematic  Colleotioa  of 

FhotogiapbiQ  and  other  Becords  of  Pedigree  BtocV 4St 

Beport  on  tbe  Compilation  of  an  Index  Aniiutliom 120 

Bc^nrt  on  the  Constraotion  of  a  Ciicolatory  Appaiatos  for  keepii^  Aquatic 

Organisms  ondei  defioite  Physical  Conditions 131 

Beport  on  the  Occupation  of  a  Table  at  tbe  !hx>kig4ca1  Station  at  Naples    .        .  191 

Ninth  Beport  on  the  Zoology  of  tbe  Sandwich  Islands 136 

Beport   on    InTestigations   made    at    the    Marine    Biological    Laboratory, 

Piymooth 137 

Final  Bcw)rt  on  the  present  State  of  oar  Knowledge  of  the  Zoology  and  Botany 

of  the  West  India  Islands,  and  on  the  steps  takaa  to  investigate  aaon- 

tained  DeSdendes  in  tbe  I^una  and  Flora Ill 

Beport  on  Zoological  and  Botanical  Pnblication iU 


n,g  -ccT'GoOgIc 


Tint  Beport  on  the  Plankton  and  Phytiosl  Conditioni  of  tb«  BngHah  C 

during  18M mi 

Second  Interim  Beport  on  the  WorkiDg  out  ot  the  Detail  of  the  ObeervmUmi 

of  the  UigTStlon  of  Bird*  at  Lixhthoussi  and  Lightships,  IS80-87      ,         .  UT 

Eighth  Beport  on  the  Clim&tolog;  of  Africa 4U 

Iteporii  on  the  Eiploiatian  of  the  Island  of  Sokotis- 460 

S^iOft  on  tlie  Haana  by  which  Practioal  BSeot  can  be  given  to  the  Intro- 

dnotion  of  the  Screw  OsagB  proposed  hj  the  AKooiaMoo  in  1881         .         .  4M 

Ob  the  Srootion  of  Alexander  III.  Bridge  in  Paris.  Bj  V.  AtttjAa  Alst  .  469 
Dover  Harbour  Works.  Bj  J.  C.  Coode  and  W.  Matthbws  .  .470 
Beport  on   the   Mental   and  Pbyaical   Deviations  from   the  Normal  amot^ 

Cbildrtti  in  Public  Blementary  and  other  Schools 4gS 

Seventh  and  Final  Beport  on  an  Ethncgraphical  Sorvej  of  the  United  EJngdoiB  193 

Beport  on  the  Sllohester  Excavation 496 

B^tort  on  an  Ethnological  Sutvbj  of  Canada (S7 

Beport  on  the  Anthropolog?  and  Natural  Hlatoiy  of  Toma  Stialta  .  .  .68! 
Beport  on  the  Collection,  Preservation,  and  Hj«tematic  Bagictratioo  of  Photo- 

gra^  of  Anthropological  Interest 593 

Fourth  Beport  on  the  (Ake  Village  at  Glastonbury S94 

Beport  on  the  Histology  of  the  Snprarensl  Capenlee G98 

B^rt  on  BlecCrioal  Changes  acoompanring  the  discharge  of  the  Bespirator; 

Organs 599 

Beport  on  the  Comparative  Histology  of  the  Cerebral  Cortex  ....  6DS 
Third  Beport  on  the  Physiological  Effects  of  Peptone  and  its  Precursors  when 

Introduced  into  the  Circulation e(£ 

Beport  on  the  Influence  of  Drugs  upon  the  Vascular  Nervoua  Sjstem                 .  608 

Interim  Beport  on  the  Hioro-chemiatry  of  Cells 60S 

Beport  on  Fertilisation  In  FhieophyoeK 610 

Interim  Repori  on  Assimilation  in  Plants 611 

The  Transactions  of  the  Sections 615 

Index SSI 

Liat  ot  Publications 95S 

(Appendix,  List  of  Membeia,  pp.  1-112.) 


PaUioations  on  sale  at  tihe  Office  of  the  Aesociation, 

Lithographed  Signatnree  of  the  Members  who  metat  Cambridge  in  1833,  with  the 
Proceedings  of  the  Pablic  Meetings,  4to,  4f. 

Index  to  ths  Baporta,  1831-1860, 13(.  (oairiage  induded). 

Inde±  t«  the  Baports,  1861-1890, 16*.  (carriage,  4^.). 

Lalaade's  Oatalogne  of  Btais,  £1  It. 

Bales  of  Zooli^cal  Nomenolatiire,  1j. 

On  the  B^nlatlon  ot  Wages  by  means  of  Lists  in  the  Cotton  Industry : — Spin- 
ning, 2f.  i  Weaving,  It. 

Beport  on  the  best  means  for  promoting  Scientific  Education  in  Schools,  1867,  6^. 

Second  Beport  on  the  present  Methods  of  teaching  Chemistry,  1889,  6d. 

Beport  of  the  Committee  for  oonstntoting  and  issoing  Practical  Standards  for  use 
in  Electrical  Measurements,  1892,  6<I. ;  Beport,  1894,  1j. 

Second  Beport  on  the  Development  ot  Qrqdiio  Methods  in  Metdwnical  Scieaoe, 
1892,  It. 

Beport  of  the  Ethnograpbioal  Survey  Committee,  1893,  6d. 

The  Action  of  Magnetism  on  Light,  by  J,  Larmor,  F.B.8.,  1893,  It. 

Ta.hl«  of  Electro-chemical  Properties  of  Aqueous  Solntions,  c<»npiled  by  Bev.  T-  C. 
Fitipatrick,  lBS8.lt.  6<f. 

Beport  on  the  Present  State  ot  our  Knowledge  of  Thermodynamics,  Part  n.,  I^ 
Q.  H.'  Bryan,  with  an  Appendix  by  Prof.  L.  Bottzmann,  18M,  1*. 

Beport  on  Planlmeters.  by  Prof.  0.  Eenrici,  F.B.S.,  1894,  It. 

.  ,,  Google 


975 

Duonesion  on  Agiicnltnre  iu)d  Sdenoa,  Ipswioh,  1SS6,  S^. 

Itoporta  on  tha  yortb-Wwtani  Tribea  of  CBnodo,  1«.  or  It.  id.  each. 

Fourth  BepoitoniJwEnaionof  the&omCout,  1896,9^. 

Scoond  Beport  on  >  Qsnga  for  Btoail  Bctowe,  1881,  reprinted  1895,  Od. 

Flat  Report  on  givhig  psotiosl  eSeot  to  the  IntrodnctioD  ot  the  British  AtioolAtioD 

Seiew  Q&nge,  1896,  Bd. 
Baport  on  Fropoied  UodiHoatJon  oltha  This&d  ot  the  B.A.  Bcren,  1900,  6d. 
DIgMt  of  ObserratloQ*  oa  the  Mi{[TBUou  of  Bizdf  made  at  Lighthooiei,  bj  W.  Eagle 

Clarke,  I89S,  6d. 
Report  oQ  the  Migratory  Habits  of  the  Song-thmah  and  the  Wbite  Wogtul,  bj  W, 

Eagle  Clarke,  1900, 6rf. 
Beport  on  Tablsa  of  the  Bewal  Fimetioiia,  1896,  Ii. 
Beport  on  the  Compaiiaon  of  Uagnetio  Instrmueata,  1896,  id. 
Report  OQ  the  Foeition  of  Qeographj  in  the  Educational  tijstem  of  the  Coantry, 

1897,  ed. 
Report  on  Beiuaology,  I8S8, 1(.  M. ;  1899,  If. ;  1890,  U  6<;. 
Report  on  the  Bibliography  of    Spectroecopj  in  eontinnation  of  ISBl  Report,  1898, 

Ij.  6d. 
Report  on  Wave-Iengtiie,  1B99,  li. ;  with  Index  to  Tables  from  1881  to  1900,  It. 
Tablet  of  F  (r,  v)  and  H  (r,  r)  Fonotioni,  1899,  U. 
The  Problem  of  the  Three  Bodies,  bj  E.  T.  Whlttaker,  1899,  U. 
Beport  on  the  Ethnological  Surrey  of  Canada,  1899,  U.  Si. ;  1900,  It.  M. 
The  Chemical  Compoonda  contained  in  Alloys,  Beport  by  F.  H.  NeTiUe,  F.B.8., 

1900,  It. 
The  Constitution  of  Camphor,  by  A.  Lapworth,  D.Sc,  1900,  It. 
Fntnre  Dealings  in  Baw  Prodace.  Beport,  1900,  If. 
The  Freaidenl'B  Address,  and  Sectional  Addreases,  for  18SQ,  1832, 1893, 1895,  1896, 

1897, 1899, 1900,  each  It. 


n,gti7cdT:G00glc 


n,gti7cdT:G00glc 


BRITISH    ASSOCIATION 
THE    ADVANCEMENT    OF    SCIENCE. 


LIST 

or 
OFFIOEBS,  COUNCIL,   AND   MEMBEHS, 

1900. 


O^ci  of  iht  Ataocialion : 
BTIBLINGTON  HOUSE,  LONDON,  W. 


n,gti7cdT:G00glc 


n,gti7cdT:G00glc 


OFFICERS  AND  COUNCIL,  1900-1901. 


R  WILLUH  TURHBR,  X.C.B..  U.B^  DA:.,  Il.aL,  LL,D.,  f.JLS. 

a,  H.  B.  BiTTLIR,  Lord  of  the  Muwr.Bnd' 


Tbe  ICtst  Hod.  the  U. 
aX}S.U  D^O.L.  7.B. 
Ttu  BlgM  Rer,  tl    " 


Ths  Hlgbt  Hoo.  Lord  ilARMiii. 

HIi  Wonhlp  tbn  Xator  or  Bradioeu). 


BlFOH,  K.0,, 
RiFo:c,  D.D. 


^.  BecKU,  UJU  B.So..^S<h.H.S. 
toria  TTnlverllty, 


Frotont  A.  W.  HL'ciEii.  U^„  D.Sc,  BeeJUS. 


Ttu  Bight  Hon.  the  IlBL  OF  OLAsaoff.  X.O.M.G). 

Ttia  BIgbl  HdB.  tbB  Lord  Blttubwodd. 

The  Bight  Ban.  Um  Loui  Kiltu,  Q.C.V.O.,  I1,C X- 

LLJl^  F.B.a 
The  Hod.  tlu  Lobd  Fboto«t  or  Qumjow. 
The  Pbihcifal  Dt  tlie  UalToiltT  at  Olugow. 
Sir  Joim  UAnncLLGTiBLEni-UiiwiLLiBart.,  U  J*. 


ilrW.  T.  rnB<u,TDK-l>T«B,K.r.liL6.,CJ.B.,FJt3, 
AHia  PAniin  Bmitr,  Beq.,  If.p. 
ons  iKaUR,  Biq..  LUD. 

kBDBlW  ftllTAKT,  Ziq.,  LL.D. 


Dr.  D.  H.  Scott,  F.B.a. 


O.  QHITttTH,  Eiq.,  If.i..  Hi 


D.  HuiincE,  LLJ>,,  F  Jt.a.E. 

BOHKBT  Goinu.Ai 


ARunBOKO.  Profeieoi  H.  B.,  F.B.S. 
BOHIK.  J.,  Esq..  LI..D, 
Bower,  PcoCeseor  F.  O.,  F.R.S. 
Oalleidib,  PTsfenor  H.  L .  F  H.8. 


K,  Orot^  B.  W. 

I>Amwiii,F,BKbF.B 

SABini>,lUt«'l*>Se°;B.^.3. 


F.as, 

S. 

',  K.CB. 

}.  D.,  P.II.S. 
Tkhson.  U.A. 


LoosiEB,  St  J.  HomHAN.  K.CD,  F.BJS. 
LoDOK,  Protestor  O.  J„  F.Ra 
MacMaro-i,  Uijor  P.  A„  PAS. 

Mahb,  J.B^&q,  FK.S. 

FouiTON,  ProfMor  E.  B,  F  Rs. 
Phebcr.  BIr  W.  H.,  K.O.B-F.Its. 
Phici,L.L.Eu..  U.A. 
aoLUL^  Profl€ 


LANEnm,  Fnfeeeoc  B.  Buy,  F.R.9. 


Tha  TrDiCeee.  the  Freddent 
Vlce-TitddanU  Xldct.  the  a 
th(  Stontuy,  II 


or  J.  M.  P.II.S. 

Tru>ii.  Proleeior  B.  B..  P.R.S. 
Wol^r.Babbt,  Sir  J.,  KJ33^  F3,8. 


a-  rein,  tha  T]c«-Frei[denti  ud 


BeoTatoTlei  (sr  tha  i 


line  If  eeting. 

TRrSTBBB  (PSBMANBHT). 
The  Hljht  Hod.  Lord  AVKnriKT.  D.C.L.,  LL.D..  FJl.3.. 
ThBlUehtHo-    '-"■ "'     '"■'     T'"-    ^ 


neph  D._HoQfcer,  K/J.S 
1.,  F.HJ, 
a.'p.ks. 
£wd  Reyf^h,  D.C.L.,  F.B. 


'The 


Lord  EelTln.  G 
ProL  A.  W.  W 
Lord  ArabDry,  F.11.S. 


■.A.AbeLBirt..E 
Tm.  HiutBlni,  K. 


ill  of  BtllsbDTT,  E.U., 


U.P.,  Be«.  B.B. 


P.  as.    s. 

..P.n.B.  I  sir  WHIleoi  Cmolie*.  F.H.f 
idcnoD,  iSlr     Mlohiel     Foeler,     1 
1     M.P,  SbiH  A 
OXNBEAL  OFFIOBRS  OF  FOBUXB  TKABS. 

»r.aq.,Ph,D.,P.It.B.  I  Prof. A.W. RUckBr, IT.So.  S 
.Bonnay,  I>.Sc.,P.R.8.  ProL  B.  A,  flohilfar,  P.R  a 
C  WIlllinnoD,  F.B-K. 


.C.oogic 


n,gti7cdT:G00glc 


LIST    OF    MEMBERS 


BRITISH     ASSOCIATION    FOE    THE     ADVANCEMENT 
OF    SCIENCE. 


*  indicates  Life  Members  cnlitleil  to  the  j^nmia!  Report, 
g  indicates  Atmnal  tiubscribers  entitled  to  '-Lb  Aonual  GeporU 
Sj  indicates  Annual  Subscribers   who  will  be  entitled  to  the  Annual 
Report  if  their  Subscriptions  are  paid  by  December  31,  ItJOO. 
{  indicates  SnbscriberB  not  entitled  to  the  Annual  Report. 
Names  without  an7  mark  before  them  are  Life  Members,  elected 

before  1846,  not  entitled  to  the  Annual  Report. 
Names  of    Members  of   the  Gekeeal  Coumittbb  are  printed  in 

eVALli  CAPITALS. 

Names  of  Members  whose  addresses  ftro  incomplete  or  not  known 


1887.  *Abbb,  Professor  Clbvei.asd,   Weather  Bureau,  Department  of  Arrri- 

culture,  Washinnton,  U.S.A. 
1807.  tAbbott,  A.  II.    Brockville,  Ontario,  Cnnado. 
a808.  SAbbott,  George,  M.K.C.S.    3a  Upper  Grosvenor-road,  Tunbridge 

WeUs. 
1881.  'Abbott,  K.  T.  G.    Whitley  House,  Malton. 
1887.  tAbbott,  T.  0.    Eastleigb,  QueenVroad,  Ilowdor,  Cbeehire. 
1863.  'Abbl,    Sir  Frkdkrick  AceusinB,  Bart.,  K.O.R,  D.C.L.,  D.Sc., 

F.R.S.,  V.P.O.S.,  President  of  the  Goveninient  Committee  on 

Explosives.     The  Imperial  Institute,  Imperial  Institute-road, 

and  2  "Whitehftll-court,  8.W. 
18B6.  'Aberdxek,  The  Right  Hon.  the  Earl  of,  G.C.M.O.,  LL.D.  Uaddo 

House,  Aberdeen. 
188G.  (Aberdeen,  The  Countess  of.     Haddo  House,  Aberdeen. 
1886.  X'^demethff,  Daeid  W.     Ferrt/kiU  Cottnge,  Aberdeen. 
d88£.  t  Ahemethy,  James  W.     2  Rubislaw-place,  Aberdeen. 
1873.  •Abubi,  Oaptain  Sir  W.  IB  W.,  K.C.B,,  D.O.L.,  F.R.S.,  F.RA.S 

Rathmore Lodge, BoltoQ-gardens  South,  Earl's  Court, S.W. 


USX  OF  MEMBERS. 


188U.  {Abraham,  Han;.  147  IligWlreet,  Southampton. 

IBM.  JAchesoD,  G8org«.    OollegpiaU  Institute,  Torouto,  Canadn. 

1873.  fAckrojd,  Samuel.  G rear es^treet.  Little Ilorton,  Bradford, Yorkshire. 

1000.  JAckrovd,  William,  Boroiiph  Laboratory,  Crosalej  Street,  Halifax. 

1882.  'Aclaii^,  Alfred  Dyke.     38  Ponl-Htreet,  Chelsea,  S.W. 

1809.  I  Aclund,  Sir  G.  T.  Dyke,  IJart.,  M.A.     Killerton,  Eietar. 

1877.  'Acland,  Captain  Francis  £.  Dyke,  R.A.     WoodmanBteme  Rectory, 

Bansteud,  Siiney. 
1873.  'AcUnd,  Rer.  II,  D,,  M.,A.    Luccombe  Rectory,  Taunton. 
1894.  'Acland,  Henry  UTke,  F.Q.S.     The  Old  Bank,  Great  llalTem. 
1877.  ' Acland,  Tlieodore  Dvke,  M.A,     74  Brook-atreet,  W. 

1808.  J.icworth,  W.  M.     4'7  St.  Georj:e'a-aqiiare,  S.W. 

1887,  tADiXi,  J.  0.,  M.A.,  M.D.,  Professor  of  Pathology  in  the  Univerwty, 
Montreal,  Canada. 

1892.  JAdams,  David.     RockTille,  North  Queensferry, 

1884.  t  AdamB,  Frank  Donovan,     Geological  Survey,  Ottawa,  Canada. 

1871.  5.\dama,  John  R.     2  Niitlej-lerrace,  Hampstead,  N.W. 

1871),  'ADiMS,  Itev.  Tbouas,  M.A.,  D.C.L.,  Paifinton,  South  Devon. 

1860.  'Adams, WiLiJAiiGRTi.M,M.A.,D.Sc.,r.R.S.,F,G.S.,F.O.P,S., Pro- 
fessor of  Natural  Philosophy  and  ABtroDomy  in  KiDg  a  College, 
London.    43  Campden  IliU-square,  W, 

1879.  lAdanison,  Itobert,  M.A,,  LL.D.,  Profeasor  of  Logic  in  the  Uni- 
versity of  Glasgow. 

1896.  tAdamson,  W.    Sunriyside  House,  Prince's  Park,  liverpool. 

1898.  §Addison,  William  Ij.'T,    Byng  Inlet,  Ontario,  Canada, 

1890.  JAddyman,  James  Wilson,  B.A,    Behnont,  Starbeck,  Harrog«te. 

1890,  J-iDMEr,  W.  E„  F.O.S.     lioynl  University  of  IrtjlMid,  EarlsfOTt- 

tPiTBce,  Dublin, 

1809,  SAdie,  R.  11.,  M.A,,  B.Sc.     8  Richmond-road,  Cambridge. 

1883,  JAdshead,  Samuel.     Sclionl  of  Science,  Slacclesfield. 
180C.  lAJleck,  W.  H.     28  Ono/'-i-;  Road,  Fairfield,  Lieerpool. 

1884.  t--^(rne".  Cornelius  K.    L'GC  Maddison-a venue.  New  York,  L'.S.A, 

1887.  XAgntie,  Wiiiiam.     Si'mmi-r  Hill,  Pendleton,  Mancheafer. 
1804.  •Alnaworth,  David.    The  Flo?h,  Oleator,  Camforth. 

1871.  "Ainsworth,  John  Stirling.     Harecmft,  Qosforlh,  Cumberland, 
1871.  tAinswortb,  William  M.     The  Floah,  Cleator,  Camforth. 
1806,  'Airy,  Hubert,  M.D.    Stoke  House,  W'oodbridpi,  Suffolk, 

1891.  •Aiflbitt,  M.  W.     MountBtiiort-square,  Cardiff. 

1871.  §.^.ITKEN,  JoH.1,  F.R,S.,  F,R,S.E.    Ardenlea,  FaUdA,  N,B, 

1898,  lAKEES-DoTraLAB,  Right  lion.  A.,  M.P.     IOC  Mount-etreet,  W. 

1884.  •Alabaster,  H.     Lvtton,  Mulgrave-road,  Sutton,  Surrey, 

1886.  'Albright,  (!,  S.    "Tlie  Eims.  Edgbaston,  Birmingham. 

1900,  JAldred,  Francis  J-  M.A.     The  liians,  Malvern  Link. 

1806.  JAldiidife,  J.  G.  W.,  Aasoc.M.Inet.C.E.    9  Victoria-street,  Weat- 

mioster,  S.W. 
1894.  tAlexander,  A.  W,    Blackwall  Lodge,  HahfiK. 
1891.  JAlexander,  l\  T.    Dvnns  Powis,  Cardiff. 
1883.  tAlexnnder,  (ieorjta.    'Kil  da  re-street  Club,  Dublin. 

1888.  'Alexander,  Patrick  Y.    Ivsperimental  Works,  Batb. 

18i)6.  tAlcsnnder,  William.     45  Ilip-hfield  South,  Rockferrv.  Cheshire. 

1891.  'Alford,  Chnrica  J.,  F.O.S.     15  Great  St.  Helena,  BlC. 

1883.  }  Alger,  Miss  Ethel.     The  Manor  House,  Stoke  Damerel,  South 

1883.  JAIger,  W,  II.     The  .Manor  House,  Stoke  Damerel,  South  Devon. 
18K3.  JAIger,   Mrs.   W,  H.     The   Mai'oi   House,  Sloke  Damerel,  South 

Devon. 
18C7.  lAlison,  GeorpeL.  C.     Dundee. 


n,g  -ccT'GoOgIc 


LIST  OF  MEMBERS. 


i886.  tAlhm,  Dftvid.    Weat  Oulte,  near  Aberdeen. 
1871.  JAUan,  O.,  M.Inat.O.E.    10  Auetjn  Frius,  E.G. 

XAxLHn,AiJSBDH.,  F.O.S.    67  Surrey-Btreet,  Sheffield. 
'Allen,  Rev.  A.  J.  0.    The  libTarian,  Peterhonse,  Osmbridge, 
SAIlen,  E.  J.     The  LaborMory,  Citadel  Hill,  Plymoath. 
JAllbn,  F.  J.,  M.A.,  M.D.,  Profeeaor  of  Physiology,  Moeon  UmTerdty 
College,  Birmingham. 
L884.  JAUen,  ReT.  Geo^e.    Shaw  Vicarage,  Oldham. 
1891.  :tAllen,  Henry  A.,  F.O.S.    Geological  Mnsenm,  Jermyn-atreet,  S.W. 
.887.  1  Allen,  John.    Kilprimol  School,  St  Anne'e-on-the-Sea,  yi*  Preston. 
,878.  jAllen,  John  Romilly,    28  Great  Ormood-street,  W.O. 
.801.  XAllfn,  W.  a.     2*  Olenrou  Street,  Boatk,  Cardiff. 
.869.  ^Allbiuen,Al&ed.    Low  Felt,  Qateahead. 
l889.  JAUhaaen,  Frank  E.    The  School,  Harrow. 
.886.  tAllport,  Samuel,  F.G.S.    Mason  Univernty  College,  Birmingham. 
.806.  JAlsop,  J.  W.     16  Bidston-road,  Oxton.  j 

"""■    'AlverHtone,  The  Right   Hon.   Lord,   G.C.M.G.,   LL.D.      Homton 

Lodge,  Homton  Street,  Kensington,  S.W. 
1887.  {Alward,  6.  L.    11  Haniilton-etreet,  Giimaby,  Yorkalure. 
1873.  tAmbler,  John.    North  Parlc-road,  Bradibid,  Torkahire. 
'.801.  JAmbrose,  D.  R.    Care  of  Meagrs.  J.  Evans  &  Co.,  Bute   Docks, 

Cardiff. 
.883.  JAmery,  John  Sparke.    Lrnid,  Aahburton,  Devon, 
.883,  JAmeiy,  Peter  Fabyan  Sparke.    Druid,  Aahhurton,  Devon. 
.884.  JAki,  marsir,  M.A.,  F.G.S.    Geological  Survey,  Ottawa,  Canada. 
.883.  tAnderson,  Miss  Constance.    17  Stonegate,  York. 
.886.  'AnDIBaos,  Huou  Ksrr.     Caius  College,  Oambridge, 
.874.  tAndenon,  John,  J.F.,  F.G.S.    Holywood,  Bel&at. 
.603.  ^Anderson,  Joseph,  LL.D.    8  Great  King-street,  Edinburgh. 
I.  'Anderson,  Miss  Mary  K.    13  Napier-road,  Edinbtirgh. 
L  'Anderson,  R.  Bruce.     35a  Great  Oeorge-street,  S.W. 
.  {Anderaon,  Profeasor  R.  J.,  M.D,     Queen's  Collie,   and  Atlantic 

Lodge,  Salthlll,  Galway. 
I.  lAndersoD,  R.  Simpson.    EUawick  Collieries,  Newcastle-upon-l^iie. 
I.  *AiroKEflON,  TiDtPBai,  M.D.,  B.Sc.,  F.G.S.    17  Stoneffate,  York. 
I.  JAndrew,  Thomaa,  F.G.S.     18  Southemhay,  Exeter. 
.696.  t  Andrews,  Charles  W.     British  Museum  (Natural  History),  S.W, 
:891.  tAndrewB,  Thomas.    163  Newport^road,  Cardiff. 
:880.  'Andrews,  Thornton,  M.Inst.C.E.    Cefn  Eithen,  Swansea. 
.886.  SAndrewB,  "William,  F.G.S.     Steeple  Ocoft,  Coventiy. 
.683.  JAnelay,  t&sa  M.  Mabel.    Girton  College,  Cambridge. 
.877.  JAkskll,    John,    F.O.S.,    F.l.C.     6    Beacons-field,    Derby-road, 
Withington,  Manchester. 
{Annan,  John,  J.P.    Wtiitmore  Reane,  Wolverhampton. 
LOGO.  JAnnandale,  Nelson.     34  Cbarlotto  Square,  Edinburgh. 
1696.  ^Annett,  B.  C.  F.     11  Greeobey-road,  Liverpool. 
1666.  ^Ansell,  Joseph.    38  Waterloo-street,  Birmingham. 
1878.  {Anson,  Frederick  H.    16  DeanWard,  Westminster,  S.W. 
1800.  f  Antrobus,  J.  Coutts.    Eaton  Hall,  Congleton. 
.900.  §Arber,  E.  A.  N.,  B.A.     Trinity  Ooliege,  Cambridge. 
606.  lArcher,  G.  W.    11  All  S^tf-road,  Clifton,  Bristol. 
.804.  ^Archibald,  A.    The  Bank  Honse,  Ventnor. 

'Archibald,  £.    Douglas.      Constitutional    Club,  Northumberland 
Avenue,  "W.C. 

883.  SArmistead,  Kchard,    Chambrea  House,  Soutlport. 
,8        'Armiatead,  William.      Elillcrest,   Oaken,   WolverhampUiD. 
.888,  {Aimitage,  Benjamin.    Chomlea,  Pendleton,  Manchester, 
87. 


,  V,  Google 


LIST  OF  MEMBEBS. 


1867.  •AMOTROira,  The  Right  Hon.  Lord,  C.B.,  LL.B.,  D.C.L.,  F.R.S., 

Cragaide,  Rothbivr. 
1873.  'Armstiioso,  Hmbt  E.,'Pii.D.,  LL.D.,  F.R.S.,  Professor  of  Chenus- 

trj   in   the   City   and   Guilds   of   London   Institute,   Central 

Institution,     Exhibitioo-road,     S.W.       65     Onnvilla     Park, 

Lewisham,  S.E. 
1876,  1  Annstrong,  James.    Baj  Ridge,  Long  Island,  New  Tork,  U.S.A. 
1889.  lArmitro'iff,  John  A.    32  Eldoii-ttreet,  Xetoeattle-upon-T'jfne. 
1889.  tAmutroDg,  Tbomtis  John.    14  HawtWn-terrace,  NeweasUe-upon- 

1 893.  tAmokUBemrose,  H.,  M.A^  F.G.S.    66  Friar-gate,  Derby. 
1870.  *ABh,  Dr.  T.  Linnington.    Penrosea,  Holsworthy,  North  Deron. 
1S74.  tAshe,  Isanc,  M.B.    Bimdrum,  Co.  Dublin. 

1889.  tAsbley,  Howard  M.    Airedale,  Ferrybridge,  Yorkshire. 

1887.  tAshtoD,  Thomas  Gair,  M.A.    36  Charlotte-street,  Manehester. 
'Aahworth,  Edmund.     %erton  Hall,  Bolton-le-Moors. 

Ashworth,  Henry.    Turton,  near  Bolton. 

1888.  'Ashworth,  J.  Jackson.    Haslen  House,  Handforth,  Cheehiie. 

1880.  lAshworth,  J.  Ranald,  B.Sc.    105  fVeeh old-street,  Kochdale. 
1887.  tAahworth,  John  Wallwork,  F.G.S.    Thome  Bank,  Heaton  Moor, 

Stockport. 
1887.  t  Ashworth,  Mrs.  J.  W.    Thome  Bank,  Heaton  Moor,  Stockport. 
1667.  [Aspland,  Arthur  P.     Wemeth  Lodffe,  Gee  Cross,  near  UancheBter. 

1876.  *ABpland,  W.  GsBhelL    Tuplins,  Newton  Abbot. 
1861.  tAaquith,  J.  R.    Infirmary~6treet,  Leeds. 
1896,  'AKihetOQ,  Richard.     Grantchester,  Cambridge. 

1861.  lAtton,  Theodore.     11  Xeunquarr,  Lincoln't  Inn,  W.C. 

1896.  {Atkin,  George,  J.P.    Egerton  Park,  Birkenhead. 

1887.  SAtkinson,  Rev.  C.  Chetwynd,  D.D.     Ingestre,  Ashton-oo-Mersey. 

1884.  ^Atkinson,    Edward,     Ph.D.,    LL.D.      Brookline,     Mawachusetts, 

U.S-A. 
1898.  "Atkinson,  E.  Cuthbert.    Temple  Observatory,  Rogby. 

1894.  JAtkmson,  George  M.     28  St.  Oawald's-road,  S.W. 

1894.  'Atkinson,  Harold  W.     Rossall  School,  Fleetwood,  L«Dcashire. 
1861.  XAtUnton,  Sev.  J.  A.     The  Vicarage.  Bofton. 

1881.  tAtUnson,  J.  T.    The  Quay,  Selby,  Yorkshire. 

1881.  tATKMaoH,  RoBBBT  William,  F.C.S.    44  Loudoun -square,  Cardiff. 

1894.  JAtkinaon,  William.     Em-ood,  Beckenham,  Kent. 

1863.  'Atifiblb,  J.,  M.A.,  Ph.D.,  F.R.S.,  F.C.S.    Ill  Tomple-chambera, 

E.G. 
1884.  JAuchincloss,  W.  S.    209  Church-street,  Philadelphia,  U.S.A. 
1853.  'Atebitbt,  The  Ripht  Hon.   Lord,  D.C.L,,  F.R.S.    High  Elm^ 

Farnborough,  Kent. 

1877.  'Aibtou,  W.  E.,  F.R.S.,  Professor  of  Applied  PhyMce  in  the  Oty 

and  Guilds  of  London  Institute,  Central  InstitntioD,  Exhibition- 
road,  S.W.     41  Kensington  Park-gardens,  W. 

1884.  tBaby-  The  Hon,  G.    Montreal,  Canada. 

1900.  SBioCKus,  RiKHDBJf.     15  Welbury  Drive,  Bradford. 

1683.  'Bach,  Madame  Henri.     12  Rue  F^nflon,  Lyons. 

Backhouse,  Edmund.     Darlington. 
1863.  IBackhouse,  T.  \V.    AVest  Hendon  House,  Sunderland. 
1883.  'Backhouse,  W.  A.    St.  John's,  Wolaiagham,  R.S.O.,  Durham. 
1887.  'Bacon,  Thomas  Walter.    Ramsden  Hall,  Billericay,  Essex. 
1887.  JBaddeley,  John.    1  Ohailotte-street,  Manchester,  ' 
1S8S.  JBaildon,  Dr.    66  Maneheatet^road,  Southport. 
1892.  tBaildon,  H,  BeUrse.    Dnnclifle,  Uumyfleld,  Edinhnr^. 


Google 


LIST  OF  MEMBERS.  8 

•tfiot 

1888.  'Bailey,  Cbftrlea,  F.L.S.    Ashfield,  College-road,  Whalle;  lUiige, 
MstLcheater. 

1893.  5BAiLBT,ColonelF.,Sec.  R.Scot.G.S.,F,RG.S.    7  Dnimmond-pUce, 

Edinburgh. 

1870.  {Bailey,  Dr.  FrftDcis  J.    61  GroTt-street,  LiverpooL 

1887.  'Bailey,  G.  II.,  D.Sc.,  Ph.D.     Marple  Cottage,  Marple,  Cheahire. 
1666.  tBailoy,  Samuel,  F.O.S.     Ashley  Ilouee,  Callhorpe-road,  Edgbaston, 

itirnuDghBin. 
1899.  S§  Bailey,  T.  Lewi^.     S6  Ha  warden-avenue,  Liverpool. 

1865.  jBfdley,  W.    Horseley  Fields  Chemical  Works,  Wolverhampton, 
1887.  XSailey,  W.  11.     SummtrMA,  EccU*  Old-road,  ManehatUr. 

1894.  'Bally,  Fraikis  Gibson,  jf.A.    II  Ramsay-garden,  Edinbnigb. 
1878.  JBailt,  Walter.    4  Koslyn-hill,  Hampstead,  N.W. 

1886.  JBaim,  Alexaitdsr,  M.A.,  LL.D.     Feirybill  Lodge,  Aberdeen. 
1807.  §Bain,  JAHGS.jiin.     Toronto. 

1885.  tBain,  WiUiRiu  N.    CoUingwood,  PoUokshieldB,  Glasgow. 

1882.  'Bakes,  Sir  BESJiJCnt,  K.C.M.G.,  LL.D., D.Sc,  F.R.S,,  M.Inst.O.K. 

2  Queen  Sqnarfr-place,  Westminster,  B.W. 

1893.  JBaier,  Herbert  M.     WaCcroft,  Durdbam  Park,  Clifton,  Bristol, 
1898.  tBftker,  Hiatt  C.     Mary-le-Port-street,  Bristol. 

189] .  tBafcer,  J.  W.     60  Stacey-road,  Cardiff. 
1881.  IBaker,  Robert,  M.D.    The  Retreat,  York. 

1875.  tBAKER,  W.  Pkootob.    Bristol. 

1881.  {Baldwin,  Rev.  G.  W.  de  Courey,  M.A.    Lord  Mayor's  Walk,  York. 
1884.  tBalete,  ProfesBOr  E.    Polytecboic  School,  Montreal,  Canada. 

1871.  JBalfour,  The  Right  Hon,  G.  W.,  M.P.     24  Addison-road,  Ken- 

Biaglon,  W. 

1894.  SBalfour,  Henry,  M.A.    11  Norham-gardens,  Oxford. 

1876.  tBALFoiJ»,l8AAoBATLiiT,M.A.,D.Sc.,M.D.,F.R.S.,F.R.S.E.,F.L.S., 

Professor  of  Botany  in  tbe  University  of  Edinburgh.  Inverleith 
House,  Edinburgh, 

1883.  {Balfour,  Mrs.  I.  Bajley.     Inverleith  House,  Edinburgh. 

1878.  'Ball,   Charles   Bent,   M.D.,   R^ius   Professor   of    Surgery   in   tbe 
University  of  Dublin.    24  Merrion-square,  Dublin. 

1866.  'Bau,,  Sir  RoBEHT  Staweu,  LL.D.,  F.K.S.,  F.R.A.S.,  Lowndean 

Professor  of  Astronomy  and  Geometry  in  the  University  of 
Cambridge.     The  Obaervatory,  Cambrii^e. 
'Ball,  W.  W.  Bonse,  M.A.    Trinity  College,  Cambridge. 
{Ballantyne,  J.  W.,  M.B.     24  Melville-strcet,  Edinboigh. 
{Bamber,  Henry   E.,   F.O.S.      6  Westminstai-chambeTSj   Victoria- 
street,  Westminster,  S.  W. 
{Bamford,   Professor   Harry,   B.Sc.     McGill   Unirersity,   Montreal, 

Canada. 
^Bampton,  Mrs.     42  Marine-parade,  Dover. 

JBance,  Colonel  Edward,  J.P.    Oak  Mount,  HigtiBeld,  Southampton, 
.{SBannerman,  W.  Bruce,  F.RQ.S.,  F.G.S.    The  Lindens,  Sjdenham- 
road,  Croydon. 
{Barbeau,  E.  J.    Montrenl,  Canada. 
{Barber,  John.     Long-row,  Nottingham. 

{Barber,  Rev.  S.  F.    West  Raynham  Rectory,  SwafFham,  NorfoUc. 
'Barber-Starkey,  W.  J.  S.    Aldenham  Park,  Bridgnorth,  Salop. 
"Barbour,  G«orge.    Boleswortb  Castle,  Tattenhall,  Chester. 
.{^Barclay,  Arthur.    29  Gloucester-road,  South  Kensington,  8.W. 
{Barclay,  George.    17  CoatM-crsscent,  Edinburgh, 
■Barcky,  Robert    High  Leigh,  Hoddesden,  Herts. 
'Barclay,  Robert.    Sedgley  New  Hall,  Prestvneh,  Manclie«ter. 

1886.  {Barclay,  Thoma).    17  Biill-etreet,  Birmingham, 


1890, 


1834. 
1866. 
1884. 
1890. 
1861. 
1894. 
1871, 
1860. 


,  V,  Google 


LIST  OF  MEMBERS. 


1881.  JBarfoot,  William,  J.P.    WlMlford-place,  Leicester. 

1882.  ^Buford,  J.  D.    Above  Btr,  Soutbampton. 
1886.  ^Barttam,  F.  F.    Bank  of  England,  BirmiDghun. 

1890.  tBwker, Alfred, M.A.,B.Sc.  Aske'9natchamSchool,NewCroaa,S.E. 
1899.  {Barker,  John  H.    S6  Park-parade,  Cambridge. 

1882.  *Barker,  Miss  J.  M.     Hexham  House,  Hexham. 

187B.  'Barker,  Bev.    Philip  C,  M.A.,  LL.B.     Priddy  \'icars«e.  Wells, 
Somerwt. 

1898.  SBarker,  W.  R.    106  Redlaud-road,  Bristol. 

1886,  tBarltDK,  Oilbert.    86  Edmond-Etreet,  Edgbaston,  Birmingham. 
1873.  JBarlow,  Crawford,  B.A.,   M.Inat.C.E.      Deeoe,  Tooting  Bee-road, 
Streatham,  S.W. 

1880.  SBarlow,  H.  W.  L.,  M.A.,  M.B.,  F.C.S.    Holly  Bank,  Croftshwi- 

road,  Urmston,  near  Mancheeter. 

1883.  JBarlow,  J.  J.     37  Park-street,  fSouthport. 

1878.  JBarlo-w,  John,  M.D.,  Profeaaor  of  Physiology  in  Anderson's  Col- 
lege, OlRRgow. 

1883.  {Barlow,  John  K.     Greenthorne,  near  Bolton. 

1886.  'Bablow,  Williak,  F.G.S.    The  Red  House,  Great  Stanmore. 

1873.  tBiRLOw,  WiLLi*jt  HESBT,F.R.S.,M.Inst.C.E.    High  Combe,  Old 

Charlton,  Kent. 
1861.  'Baniard,MajorR.Cary,F.L.S.   B«rtlow,Leckhjunpton, Cheltenham. 

1881.  tBamard,  William,  LL.B.     3  New-court,  Lincoln's  Jnn,  W.C. 
1869.  tBarnes,  J.  W.     Bank,  Uurbam. 

1868.  SBamea,  Richard  H.   IleatherUnds,  Parkstone,  Dorset. 
1899.S§Bamea,  Robert.     0  Kildare  Gardena,  Bayswater,  W. 

1884.  IBamett,  J.  D.     Port  Hope,  Ontario,  Canada. 
1899.5SBarnett,  W.  D.     41  Threadoeedle-street,  E.G. 

1881.  JBakb,  Akchibalb,  D.Sc.,  M.Inst.O.E.     The  University,  Gk^ow. 

1890.  JBarr,  Frederick  H.     4  South-parade,  Leeds. 

1869.  tBarr,  Lieut.-General.     Apsleytoun,  East  Grinstead,  Siissei. 

1891.  SBsjre)!,  PVank  R.,  M..^,  Professor  of  Matbematics  in  UniTersity 

College,  Bristol. 
1883.  JBarrett,  John  Chalk.     Errismore,  Birkdale,  Southport. 
1883.  IBarrett,  Mrs.  J.  C.     Erriamore,  Birkdale,  Soulbport 
1872.  'Babbbtt,  W.  F.,  F.R.S.,  F.R.S.E.,  M.R.I.A.,  Profesaor  of  Phywc* 

in  the  Royal  College  of  Science,  Dublin. 
1883.  JBarrett,  William  Scott.    Abbot^te,  HirMon,  near  Liveiyool. 

1899,  {Babbbtf-Huiiltoh,   Capt.  G.  E.  H.      Kilmarnock,  Arthnrstown, 

Waterford,  Ireland. 

1887.  JBarrington,  Miss  Amy.    Fasaaroe,  Br^,  Co.  Wicklow. 

1874.  'BiEBiNaioif,  R.  M.,  M.A.,  LL.B.,  F.L.S.     Fassaroe,  Bcaj,  Co. 

Wicklow. 
1874.  •Batriogton-Ward,  Mark  J.,  M.A.,  F.L.S.,  F.B-G.S.,  H.M.  Inspector 

of  Schools.    Thomeloe  Lodge,  Worcester, 
1886.  'Barron,    Frederick  Cadogan,   M-InetCE.    Nervion,  Beckenham- 

grove,  Shortlands,  Kent. 
1886.  JBorron,  WUliam.    Elvaston  Nurseries,  Borrowash.Derlw. 
1893.  •Baebow,  GEOBaB,  F.Q,S.    Geological  Survey  Office,  28  Jennyn- 

fltreet,  S.W. 
1886.  {Barrow,  George  William.    Baldraud,  Lancaster. 
1886,  {Barrow,  Richard  Bradbury.    Lawn  House,  IS  AmptAB-road,  Edg- 

baston,  Birmingham. 
1896.  ^Barrowman,  James.     Staneecre,  Hamilton,  K.B. 
1886.  {Barrows,  Joseph.     The  Poplam,  Yardlev,  near  Birmingham. 
1886.  {Barrows,  Joseph,  jun.    Femdale,  Harboroe-ioad,  Ec^bastoD,  Bii^ 

mingham. 


n,gti7cdT:G00glc 


LIST  OF  MEMBEBS. 


1868.  {Babbt,  Rig'ht  Rev.  Altsed,  D.D.,  B.C.L.    The  aoistns,  Windsoi. 

1883.  tBerry,  Chftrlee  E.    1  Victoriii-Btieet,  S.W. 
1881.  JBirry,  J.  W.    Duncombe-pkce,  Tork. 

1884.  •BftMtow,  Miss  Frances  A.    Gurow  Hill,  near  York. 
ISM.  'Barstow,  J.  J.  Jsckson.    The  Lodge,  Weston-super-Mare. 
1890.  'BoTstow,  Mn.    The  Lodge,  WeBton-super-Mue. 

1802.  tBuIholomew,  John  OeoTge,  F.B.S.E.,  F.R-G.S.    IS  Blacket-place, 

Edinburgh. 
1868.  'Bartholooieir,  Willism  Hamond,  M.Inat.C.E.     Ridgeway  Houi«, 

Cumberland-road,  Hyde  Park,  Leedn. 
1884.  tBortlett,  James  Herbert.    148  MansSeid-BtTeet,  Montreal,  Oantida. 
1873.  tBartley,  G.  0.  T.,  M.P.    St.  Margaret's  House,  Victoria-street,  S.AV. 

1892.  JBarton,  Mies.    4  Glenorchy-teirace,  Mayfield,  Edinbui^h. 

1893.  {Barton,  Edwin  H.,  B.Se,     University  OoU^ie,  Nottingham, 
1884.  JBarton,  H.  M.     Fostei^place,  Dublin. 

1862.  tBarton,  James.     Famdreg,  Bundalk. 

1899.  •Barton,  Mies  Ethel  S.     7  Brechin  Place,  Sooth  Kensington,  S.W. 
1802.  ^Barton,  William.'   4  Glenorcby-tenace,  Majfield,  Edinbu^h. 

1887.  tBartrum,  John  S.     18  Qay-etreet,  Bath. 

•Bashforth,  Rev.  Francis,  B.D.     Mintjim  Vicsn^,  near  Homcastle. 
1898.  JBason,  Vernon  Millward.     7  Princess-buildings,  Clifton,  Bristol. 
1876.  tBassano,  Alexander.     12  Montagu-plaee,  W. 
1876.  IBassano,  Clement.     Jesus  College,  Cambridge. 

1888.  ■Babset,A.B.,M.A.,F.B.3.  Fledborough  Hall,  Holyport,  Berkshire. 
1801.  tBassett,  A.  B.    Oheverell,  Llandaff. 

1866.  *BAe«ETT,  IlEintT.    26  Belitha-villas,  Bomsbuiy,  N. 

1880.  JBastablb,   Professor  C.  P.,  M.A.,  F.aS.     6  TreTelyan-temwe, 

Rathgar,  Co.  Dublin. 
1868.  IBsstaid,  8.  S.    Summerland-place,  Exeter. 
1871.  tBAsiiiH,  H.  Ohaiiltoh,  MjI.,  M.D.,  F.B.8.,  F.L.S.,  Professor  of 

the  Principles  and  Practice  of  Medicine  in  University  Oolli^ge, 

London.     8a  Manchester~aquare,  W. 
1880.  {Batnlba-Reis,  J.    Portuguese  Oonsalate,  Newcastle-apou-Tyne. 

1883.  tBATXMAir,  Sir  A.  E.,  K.C.M.Q.,  Controller  General,  Statistical 

DepRrtment.     Board  of  Trade,  7  Whitehall  Gardens,  S.W. 
1868.  JBateman,  Sir  F.,  M.D.,  LL.D.    Upper  St.  Giles's-street,  Norwich. 

1880.  JBatea,  C.  J.     Heddon,  Wylam,  North umberlwid, 

1884.  tBATBBOir,  Williau,  M.A.,  F.RS.     St.  John's  College,  Cambridge. 

1881.  'Bather,  Francis  Arthur,  M.A.,  D.Sc.,  F.Q.S.    British  Museum 

(Natural  History),  S.W. 

1863.  SBauehmait,  H.,  F.G.S.     14  Cavendish-road,  Balham,  S.W. 

1867.  JBttiter,  Edward.    Haiel  HaU,  Dundee. 

1882.  SBayly,  F.  W.     8  Royal  Mint,  E. 

1875.  "Bayly,  Robert.     Torr-grove,  near  Plymouth. 

1876.  "Batkes,  Robert  E.,  M.A.    Christ  Church,  Oxford. 
1887.  'Baynes,  Mrs.  R.  E.    2  Norham-gardens,  Oxford. 

1883.  *BazIey,  Gardner  S.    Hatberop  Castle,  Furford,  Gloucestershire. 

Bailej,  Sir  Thomas  Sebastian,  Bart.,  M.A.     Winterdyne,  Chine 
Crescent-road,  Bournemouth. 
1880.  tBeale,  C.    Oalle  Progress  No.  83,  Rossrio  de  Santa  F6,  Argentine 
Republic. 


1866.  IBeak,  Cbarles  G.    Maple  Bank,  Edgbaston,  Birmingham. 
1860.  *BBAtB,  LioiTEi.  S.,  M.B.,  F.R.S.     61  Orosvenoi^street,  W. 
—        "'      ■■"-""  lilbeacb-gardei 

Kjk  Wood,  Bi 

n,gti7cdT:G00glc 


.  SBeamish,  Lieut.-Colonel  A.  W.,  R.E.     27  Philbeacb-gardeos,  S.W, 
1884.  tBeamish,  G.     H.  M.  Prison,  liverpool. 

1672.  {Beanes,  Edward.  F  C.S.    Moatlanda,  Paddock  Wood,  Brenchlev, 
Kent. 


I(t8a.  tBearf,  Mrs.    Oiford. 

1S89.  SDe*be,  Prof.  T.  HtrnsoH,  B.Sc.,  F.K.S.E.,  M-InstCE.    DniTMwtj 

Collppe,  W.O.,  and  Park  Uouae,  Einf^'a  Road,  Richmond. 
1842.  *Beatsoii,  William.     2  Aab.  Mount,  Botherham. 
1S89.  IBeattie,  John.    6  Summerbill-cTOTe,  Newcaade-upon-TyDe, 
1865.  'Ikaurort,  W,  Morris,  F.RA.S.,F.R.G.8.,  F.R.M.a.,  F.S.S.  18Koc«- 

dilly,  W. 

1886.  tBeaugrand,  M.  II.     Montreal. 

low.  ^Beaumont,  Prof.  Roberta,  M.I.Mech.E.    Yorkshire  CkiUege,  Leeds. 
1801.  'Beaumont,  Rev.  Thomas  Georg^.    Oakley  Lodpre,  Leamingpton. 

1887.  *Beaumout,  W.  J.    The  Laboratory,  (Citadel  Hill,  Plymouth. 
1»S5.  'Beaoiiost,  W.  W.,M.Inet.C.E.,F.G5.    Outer  Temple,  222  Strand. 

W.C. 
ISiHt.  ]BeBzer,  C.     Ilindley,  near  Wigan. 

1887.  'Beckett,  John  lliMPDEN.     Corbar  Hall.  Buxton,  Derbjahire. 
1886.  JBbddard,  Frank  E.,  M.A.,  F.RS.,  F.Z.S.,  PtobbcWt  to  the  Zoo- 

logical  Societv  of  London,  Regent's  Park,  N.W. 

1870.  JBbddoe,  Joh-V,  M.D.,  F.RS.    The  Cliantn-,  Bradford- on- A  von. 
1806.  ^Bedford,  F.  P.     3:^6  CarndBn  Road,  N, 

2868.  Iltvdford,  James.     Woodhouse  Cliff,  near  Leeds, 

1890.  [Bedford,  James  F.,F.G.8.     Shireoak-road,  I.«eds. 
1881.  JUedlington,  Richard.     Gadlys  House,  Abfrdare. 

1878.  JBedsos,  p.  Phillips,  D.Sc,  F.C.S.,  Professor  of  Chemiflti7  in  the 

Colltfre  of  Pbyaical  Science.  Newcaatle-upon-Tyne. 
1884.  IBeers,  W.  0.,  M.D.     34  Beaver  Hall-terrace,  Montreal,  Canada. 

1873.  IBebrens,  Jacob.    Springfield  House,  Korth-parade,  Bradford,  Torit- 

1874.  JBelcher,  Itichard  Boewell.     Blockley,  WorcestersUre. 

1891.  'BelinfEnie,  L.  L.,  M.Sc.,  AssUt.-Sec.  G.S.     Burlington  House,  W. 
3892.  JBell,  A.  Beataon.     143  Princes- street,  Edinburgh. 

1871.  tBell,  Charles  B.     «  Spring-bank,  Hull. 
18S4.  IfieU,  Cliarlcs  Napier.    Winnipeg,  Canada. 

1894.  JBbll,  F.  Jefkbey,  M.A.,    F.Z.8.     35    Cambridge-street,  Hjde 

Park,  W. 
Bell,  Frederick  John.     Woodlands,  near  Maldon,  Essex. 
]8e0.  tBell,  Rev.  George  Charles,  M.A.     Mariborough  OoUeft«,  Wilta. 
1900.  *Bell,  H.  Wilkinson.    Holinehuist,  Randon,  near  Leeds. 
1862.  'Bell,  Sir  Isaac  Lownu.is,  Bart.,  LL.D.,  F.R.S.,  F.C.S.,  M.InstC.E. 

Rounton  Grange,  iiortliallerton. 
1876.  JBell,  James,  C.B.,  D.Sc-,  Ph.D.,  F.R.S.     Howell  Hill  Lodg^ 

Eweil,  Surrey. 
1806.  JBell,  James.    Care  of  the  Liverpool  Steam  Tug  Co.,  Limited, 

Ohapel-cb ambers,  28  Chapel-stteet,  Liverpool. 
1691.  tBcU,Jamai.     Banf/or  Villa,  Cliva-road,  Cardiff. 
1871.  'Bell,  J.  Carter,  F.C.S.    Ifenkfield,  The  Cliff,  Higher  Broughton, 

Manchester, 
1683.  'Bell,  John  Henrv.    100  Leyland-road,  Southport. 
J8C4.  JBell,  R.    Queen's  OoUege,  Kingston,  Canada. 

1888.  'Bell,  Walter  George,  M.A.     Trinity  Hall,  Cambridge. 

1803.  JBelper,  The  Right  Hon.  Loid,  LL.M.    Kingston,  Nottinghajuahire. 

1884.  JBemrose,  J«<eph.     16  Plateau-street,  Montreal,  Canada. 

1886.  JBMiger,  Frederick  Baden,  F.LC,  F.C.S.    The  Grange,  Knutaford. 

1885.  JBenhak,  WiLLiut  BLAJi.uni,  D.Sc.,  Professor  of  Biology  Id  the 

Univeraity  of  Otago,  New  Zealand. 
1801.  JBeanett,  Alfred  RosUng.     44  Manor  Park-road,  Ilailesdeil,  N.W. 
1870.  JBziKitBiT,  Altrxd  W.,  M.A.,  B.Sc.,  FJLS.    d  Park  Vilh^  I^at, 

Regent's  Park,  N.W. 


n,gti7cdT:G00glc 


LIST  OF  MEMBEBS. 


jBennett,  Qeor^  W.    West  Ridse,  OitoD,  Cbeshira. 

JBennett,  John  K7UI.    3  Upper  BelgrsTe-road,  Olifton,  Bmtol. 

■Bennett,  L&nreDce  Henrv.    The  Elnu,  Pai^toit,  Souih  Devon, 

:|:BeDuett,  Bicbard.    18  Brunswick-street,  LiTerpool. 

{Bennett,  Rev.  S.  H.,  M.A.    St.  Uarj'a  Vicftrsge,  BishopshiU  Junior, 

York, 
JBenson,  John  G.    12  Grey-street,  Newctatlft-upon-Tyne. 
•Benaon,  Mrs.  W.  J.     Care  of  Standud  Bank  of  South  Africk,  Stel- 

lenlxtecl).  South  Afnca. 
tBeneon,  William.    Fourstones  Court,  Newcastle-upon-Tyne. 
"Bent.  Mrs.  Theodore.     13  Great  Cumberland-place,  W. 
:tBentham,  William.    7'2i  Sherhrooke-street,  Montreal,  Canada. 
JBentlj,  B.  E.    B7  Dowling-nvenue,  Toronto,  Canada. 
•Be^in,  William,  M.A.,  Professor  of  Natural  Philosophy  in  Queen> 

Oolleire,  Cork. 
{Berkelev,  The  Right  Hon.  the  Earl  of.     Foxcombe,  Bo&nhill,  near 

AbinploD. 
{Berkley,  C.    Mai'ley  Hill,  Gateshead,  Durham. 
JBemard,  W.  Leigh.     Calijary,  Canada. 

$Berridge,  Miw  C.  E.    Wellscrot,  Haywatd'a  Lane,  Cheltenham. 
iBerridRO,  Douglaa,  M.A.,  F.C.S.    The  College,  Malrern. 
tBBSAjrr,  William  Obsby,  M.A.,  D.Sc,  F.R.8.    St  John's  CoUege, 

Cambridge. 
'Besaemer,  Henry.     Town  Hill  Pack, West  End,  Southampton. 
:tBeat,  William  Woodham.    31  Lyddon-teirace,  Leeds. 
•Bbvas,  Rev.  Jaxes  Olitbr,  M.A.,F.G.S.    65  Gunteritone-road,  W. 
JBeveridge,  R    Beath  Villa,  Ferryhill,  Aberdeen. 
•Beverley,  Michael,  M.D.    54  Prince  of  Walee-road,  Norwich. 
tKckerton,  A.W.  Newland  Terrace,  Queen's  Koad,  Battersea,  S.W. 
•ffidder,  George  Parker.     Savile  Club,  Piccadilly,  W. 
*BiDWBLL,    SHXLfOKD,   Sc.D.,    LLB.,   F.R.S.     Riverstone    Lodge, 

Southfields,  Wandsworth,  Surrey,  8.W. 
SBiggs,  0,  H.  W.,  F.C.S.    Glebe  Lodge,  Champion  Hill,  8.E. 
{BiUinfTton,  Charles.     Studleigh,  Longport,  StaSbrdshire. 
jKndloaa,  G.F.     Camforth,  Brondeshury  Park,  N.W. 
'Bindloss,  Jamee  B.    Elm  Bank,  Ecctes,  Manchester. 
*Bbgham,    Lieut.-Colonel    John  E.,  J.P.    West   Lea,    Raomoor, 

ShelGeld. 
{BiHRiB,  Sir  Alezandbb  B.,  M.InstCE.,  F.G.S.     London  Coniity 

Council,  Spring-gardens,  S.W. 
}Hnns,  J.  Arthur.     31  Manor  Row,  Manningluun,  Bradford,  Yoric- 

{Bird,  F.  J.    Norton  House,  Mictsomer  Norton,  Bath. 

tBird,    Henry,    F.C.S.      Soutli    Down     House,    MiUbrook,    neat 

Devonport. 
'Birley,  Hiss  Caroline,  14  Brunswick-gardens,  Kensington,  W. 
'Birley,  H.  K.    Hospital,  Chorley,  Lancashire. 
*BiS0H0r,  GuBTAV.     19  Ladbroho-gardens,  W. 
tBisaet,  James.    6  East  India-avenue,  E.G. 
tKasett,  J.  P.    Wyndem,  Banchory,  N.B. 

•ffiiby,  M^or  W.  H,     Engineer's  Office,  Cincinnati,  Ohio,  U.S.A. 
fKack,  W.    1  Lovaine-place,  Newcaetle-npon-iyne, 
XBIack,  William.     12  Romulut-terrace,  Oateihtad. 
^Black,  Sai^:eon-Major  William  Gait,  F.R.C.S.R    Caledonian  United 

Service  Club,  Edinburgh. 
tSlae/eali,  Thomai.     13  SouthfrnAay,  Exetfr. 
jBlackbum,  Hugh,  M.A.    Roshven,  Fort  William,  N.B, 


n,g  -ccT'GoOgIc 


LIST  OF  MEMBERS, 


1884.  tBlacbluni,  Robert.    New  Edinbnigh,  Ontuio,  Cui&dft. 
1900.  f  BUckbtm,  W.  Owen.    S  Mount  Boji,  Bradfotd. 
1877.  fBltidde,  3.  Aleundw.    17  Staiihop»«treet,  Olu^ow. 

1866.  'BuoEix,  W.  a.,  Ph.D.,  F.R.O.S.    1  Belhavoi-teiTaee,  Eelrinnde, 

GImkow, 
1896.  jBlMkie,  Waltor  W.,  B.Sc.    17  Stantope-rtreet,  GUagow. 
1884.  tBlacUbck,  Frederick  W.    26  St.  Famills^treet,  Mootre&l,  Canada. 
1883.  IBlacklodc,  Mn.    S«»  View,  Lord-street,  SonUiport. 
1696.  IBIackwood,  J.  M.    16  OU-«treet,  Liverpool. 

1886.  JBlaiMe,  JoliD,  F.L.S.     The  Bridge  Hoiue,  Newcastle,  Staffoid- 

1896.  l:Bl^^e>  ^^-  B.    6  Belmve^creaceDt,  Edinbuigb. 

1883.  IBlwr,  Mrs.   Oakshaw,  Faiolej. 

I89S.  tBUir,  Alexander.     35  Morav-place,  Edinbn^h. 
1802.  tBIoir,  John.    9  Ettrick-road,  Edinbuitfh. 
1888.  'BLiXB,  Rev.  J.  F.,  M.A.,  F.G.S.    69  Comera^woad,  W. 
1846.  'Blake,  William.    Bridfce,  South  Fetherton,  Someraet. 
1801.  JBlubblbt,  Thovab  H.,  M.A.;  M.InetO.E.    Bojal  Naral  College, 
Greenwich,  S.E. 

1894.  tBlakiston,  Rev.  C.  D.    Eiwick  Vicars^,  Eietar. 
1900.  'Blamiies,  Joseph.    Bradlej  LodM,  Huddenfield. 

1831.  tBlamires,  Thomas  H.    Olose  Hill,  Lockwood,  near  Huddersfield. 

1895.  tKamires,  William.     Oak  House,  Taylor  Hill,  Huddersfield. 

1884.  'Blandy,  William  Charles,  M.A.     1  Friar-etreet,  Reading. 

1869.  IBtiKMiro,  W.  T.,  LL.D.,  F.R,S.,  F.G.S.,  F.R.G.S.    73  Bedford- 

gaidens,  Campden  Hill,  W. 

1887.  'Bles,  A.  J.  8.    Palm  Housb,  Park-lene,  Higher  Brougbton,  Man- 

cheater. 
1887.  *Blee,  Edward  J.,  It.Sc.    Newnbani  Lea,  Grange-rood,  Oambridge. 

1887.  tBles,  Marcus  S.    The  Beeche«,  Brougbton  Park,  Manchester. 
1884.  •Btidh,  William  G.    Niles,  Michigan,  U.S.A. 

1880.  JBteiom,  O.  W.,  M.A.     11  Pretbia-g  Street,  Clapton,  N.E. 

1888.  {Bloxsom,  Martu),  B.A.,  Assoc.M.InstC.E.      Hazelwood,  Crumpeall 

Qreen,  Manchester. 

1870.  tBlundell,  Thomas  Weld.     Ince  Blundell  HaU,  Great  Orosby. 

1869.  XBltmt,  Captain  Richard.    Bretlandi,  Oiertsey,  Surra/. 

Blytlk,  B.  Hall.     135  George-street,  Edinburgh. 

1886.  tBLTTH,  J&icES,  M.A.,  F.R.S.E.,  Professor  of  Natural  PhiloMpby  in 

Anderson's  College,  Glasgow. 

1867.  •Blyth-Martin,  W.  Y.    BlyUi  llouse,  Newport,  Efe. 

1887.  JBlytbe,  William  S.     65  Mosley-street,  Manchester. 

1870.  {Bosidman,  Edward.     Oak  House,  Eatiin,  Norwich. 

1887.  'Boddington,  Henrv.     Pownall  Hall,  Wilmslow,  Mancbeater. 
1900.  JBonnraroH,  Principal  N.,  M.A.    Yorkshire  Cnllege,  Leeds. 

1888.  fBodmer,  G.  R.,  A.^soc.M.Inst.C.E.    30  Walbrook,  E.G. 

1884.  tBody,  Rbt.  0.  W.  E.,M.A.    Trinity  College,  Toronto,  Canada. 

1887.  'Boiasevun,  Gideon  Maria.    4  Teaselschade-stjsst,  Amstardam. 
1898.  SBolton,  H.     The  Museum,  QueenVroad,  BriatoL 

1876.  JBolton,  J.  0.     Carbrook,  Stirling. 

1894.  5Bolton,  John.     16  Clifton-road,  Crouch  End,  N. 

1888.  JBolton,  J.  W.     Baldwin-etreet,   Bristol. 

1898.  SBohab,  J.,  M.A.,  LL.D.     1  Kedington-road,  Hampatead,  N.W. 
1883.  tBonney,  Frederic,  F.R.Q.S.    Colton  Houae,  Rugelej,  Staffordshire. 

1871.  •BoiriiBT,  Rev,   Taoxis  Gboksb,  D.Sc.,  LL.D.,   F.a.8.,  F.ai., 

F.G.S.    28  Denning-road,  Hampatoad,  N.W. 
1888.  JBoon,  WiUiam.    Coventry. 
1883.  IBoot,  Jesse.    Carlyle  House,  18  Bomi-street,  Nottingham. 


,  V,  Google 


UST  OF  MEMBERS. 


1873. 
1868. 
1887. 

1871. 

1884. 


•Booth,  Chaelbs,  D.Sc,  F.R.S.,  F.aS.     24  Great  Cmoberlaad 

Place,  W. 
{Booth,  James.    Hftielhunt,  Turton. 
]:Booth,  RicMrd.    4  StoDO-buildings,  Lincoln's  Lm,  W.O. 
JBooth,  Rev,  William  H.  Mount  Nod-ro&d,  Streathwn,  8.W, 
tBoothrojd,  Benjamin.     Solihall,  Birmioghuu. 
SBorcbgrevinck,  C.  E,     Uouglaa  Lod|^,  BtoidIbt,  Kent. 
•Borland,  "William.     280  West  Geoi^e-atowt,  Glwgow. 
SBorna,  Henry,  Ph.D.,  F.0.8.      19  Alexandia-i-oed,    Wimbledon, 

•BOBAirauiT,  R.  H.  M.,  M.A.,  F.R.S,,  F.R.A.S.  Caatillo  ZamoM, 
Realejo-Alto,  Tenerife. 

tBose,  Br.  J.  C.    Calcutta,  India. 

•Bossay,  Franws,  M.D.    Mayfield,  Oiford-road,  BedMU,  Suirey. 

{BoTH&lOXT,  CHiRLBB  H,,  F.I.G.,  F.O.8.,  Director  of  Technical 
Instruetion,  Somerset  Gountj  Education  Committee.  Otter- 
wood,  Beaconsfield-road,  Weaton-aupeT-Mare. 

tBott,  Dr.     Owena  Collef^e,  Manchester. 

{Bottle,  Alexander,    4  Qodwjne-road,  Dover. 

JBottle,  J.  T.    28  Nalson-road,  Great  Yarmouth. 

JBottomley,  James,  D.Sc.,  B.A.  220  Lower  fcoughton-poad,  Man- 
chester. 

"BoTroMLBT,  JixSB  Thomsou,  M.A,,  D.Sc.,  F.R.8.,  F.RS.E,,  F.C.8. 
13  UniveTsity-gardena,  Glasgow. 


13  Universitj-^idens,  Glaamiw. 

tBottomleyi  W.  B.,  B.A.,  Professor  of  Botany,  King's  CoUege,  W.C. 

JBottomley,  William,  jun.     16  UniTersity-gardena,  Glasgow. 

JBoulnoia,  Henry  Percy,  M.lnatC.E.    44  Oanapden  House  Court, 
Keorin^n,  W. 

IBoordaa,  Isaiah.    Dunoon  House,  Clapham  Common,  S.W. 

tBoTTBHB,  A.  G.,  D.Sc,  F.RS.,  F.L.S.,  Professor  of  Biology  in  the 
Presidency  College,  Madras. 

•BotTEHB,  G.  0.,  M,  A.,  F.L.S.    Savile  House,  Uaasfield-road,  Oiforf. 

tBoume,  K.  H.  Fox.     41  Pnon/-road,  Se^ord  JWft,  Ciuwiek, 
1866.  JBoiTBXB,  STiPHEir.    A  Lansdown-road,  Lee,  S.E. 
1890.  tBouafield,  0.  E.    66  Clarendon-road,  Leeds. 
18S8.55Bovey,  Edward  P.,  jun.    Clifton  Grove,  Torquay. 
1884.  tBovBT,  Henet  T.,  M.A.,  M.Inst.C.E.,  Profeaaor  of  Civil  Engineer- 
ing and  Applied  Mechanics  in   McGiU  University,  Montreal. 
Ontario -avenue,  Montreal,  Canada. 

J:Bowdan,  Rev.  G.     New  Kingswood  School,  Lansdown,  Bath 

•BowBB,F.  0.,D.Sc.,F.R.S.,  F.R.S.E,,F.L.S.,Regiiia  Professor  of 
Botany  in  the  University  of  Qta«fov?. 

•Bowker,  Arthur   Frank,  F.R.G.S.,  F.G.S.     Royai   Societies   Club. 
St.  James's-street,  S.W. 

•Bowlby,  Miss  F.  E.    28  Lansdowce-parade,  Cheltenham. 

SBowley,  A,  L.,  M.A.     WaJdeck  House,  Southern  Hill,  Reading. 

JBowly,  Ohristopher.     Cirencester. 

JBowly,  Mrs.  Chrialopher.     Cirencester. 

SBowman,  F.  H.,  D.Sc,  F.R.S.E.     Mayfield,  Knutaford,  Cheshire. 

•Bowman,  Herbert  LiEter,  M.A.  13' Sheffield-gardens,  Kensington,  W. 

•Bowman,  John  Herbert.     13  Sheffield  Gardens,  Kensington,  W. 

SBox,  Alfred  Marshall.    Care  of  Cooper,  Bos  &  Co.,  6y  Alderman- 
bury,  E.G. 

•BoicB,  RuBXRT,  M.B.,  Professor  of  Pathology,  Univerflity  CoQege, 
Liverpool. 

tBoyd,  Thomas  J.    41  Moray-place,  Edinburgh. 


,  V,  Google 


UST  OF  HEUBE] 


1866.  tBoTU,  Tho  Veij  B«v.  0.  D.,  M.A.    Tba  Deanery,  Salubuir. 
1884.  *Bo;le,  R.  Vuwn,  O.S.I.     Care  of  Metaa.  Oimdlay  A  Co.,  55 

Paxliunent-Btreet,  S.W. 
1892.  SBoTB,  Chablbb  Versof,  F.R.S.    27  The  Gtotc,  Boltona,  S.W. 
1872   "BBABaoos,  R  W.,  C.B.,  F.S.A.    178  Bedford-hill,  BaUiam,  S.W. 
1869.  'Brohy,  Frederick,    F.Q.S.,    F.C.S.      Busher  Lodge,    TeddingtoD, 

Hiddleeei. 
1894.  'Bnbv,  Ivon.    Bushej  Lodge,  Teddington,  Middlesex. 

1898.  (Bredley,  F.  L.    Bel  Air,  AJderW  Edge,  Chesliire. 

1899.  •Brediey,  J.  W.,  Assoc M.InBt.C.E.     Town  Hall,  Wolverliamptoii. 
1892.  {Bradjhaw,  .W.    Carisbrooke  House,  The  Park,  Nottiiighsiii. 

1863,  }Beid7,  GxoKax  S.,  M.D.,  LL.D.,  F.R.S.,  Professor  of  Natnnl 

Hiatory  in  the  Durham  OoIIoto  of  Science,  NawcMt]©-on-Tyn», 
2  Howhray-Tillu,  Sunderland. 
'Brad;,  Rev.  Nichnlas,  M.A.    Raiaham  Hall,  Rainham,  S.O.,  Eeiex. 

1864.  ^Braham,  F/diip.     3  Cobden-maJuiont,  StcekweU-road,  S.E, 
SItraikenridge,  W.  J.,  J.P.     16  Royat-crBscent,  Bath. 

SBramble,  James  R.     Seafield,  Weaton-BUper-Mare. 

SBrakwbll,    Sir    Frrdeeiok    J.,    Bart.,    D.C.L.,  LL.D.,  F.R.S., 

M,InBt.C.E.    6  Great  Georife-atreet,  S.W. 
JBnmd,  William.     Milnefield,  Dundee. 
■!^andreth,  Rev.  Henry.     72  Kills  Road,  Cambridge. 
'Bratby,  William,  J.P.     Alton  Lodge,  Hale,  BowdoD,  Cheshire. 
•Bray,  Georm.    Belmont,  Headingley,  Leeds. 
JBremridge,  Eliae.    17  Bloomshury-aquaTe,  W.C, 
iBrmt,Francu.     19  Clarendon-place,  Plymouth. 
SBrereton,  Cuthbert  A,,  M.Inat.O.E.     21  Delabay-etreet,  S.W. 
•Bretherlon,  0.  E.     26  Uld  Broad  Street,  E.G. 
JBrettoll,  Thomaa.    Dudley. 
,  jBrice,  Arthur  Montefiore,  F.G.S..  F.R.G.8.    159  Strand,  W.O. 
$$Beiime,  T.  W.,  M.A.,  D.Sc.,  Professor  of  Zoology  in  the  Mason 

University  Oollefe,  Birmingham. 
'BridsoD,  JosepD  B.    Bryarswood,  Wmdermero. 

,.»*  -    1    '    X  1  _'    r-n      The  C' ^    ■iTTL:....fl-.ij    u 


1887. 
1861. 
1886. 
1890. 

leea. 

1877. 


1870. 

1887. 
1870. 


iBrierley,  John,  J.P.    The  Cbugh,  Whilefield,  Manchester. 

iBrierley,  Joseph.    New  Market-street,  Blackbum. 

JBrierley,  Leonaid.     Somerse(>-road,  Edgbaston,  Birmingham. 

J  Brier  ley,  Morgan.    Denshaw  House,  Saddlewortt. 
1870.  •Bmm,  Johit,  M.P.    Kildwicb  Hall,  E^hley,  Yorkshire. 
1890.  IBrigg,  W.  A.    Eildwick  Hall,  Keigbley,  Yoricshire. 
1893.  IBright,  Joseph.     WeeterD-terrace,  The  Park,  Nottingham. 

tBrine,  Admiral  Lindeaay,  FJLQ.S.     United  Servica  Clab,  PaH 
Mall,  S.W. 

tBriecoe,  Albert  E.,B.Sc.,  A.R.C.Sc    Municipal  Technical  Institate, 
Bmnford-Toad,  Waat  Ham,  E. 
1884.  JBrisette,  M.  H.    424  St.  Paul-street,  Montreal,  Canada. 
1888.  JBawTOt,  the  Bight  Rev.  G.  F.  Bkowsb,  Lord  Bishop  of,  D.D.     17 

The  Avenue,  Clifton,  Bristol. 
1879.  *BKiTTira,  W.  H.,  J.P.,  P.R.G.S.    Storth  Oaks,  Sheffield. 
1878.  tBritten,  James,  F.L.S.    Department  of  Botany,  British  Maeeon, 

aw. 

1884  "Brittle,  John  R.,  M.InstC.E.,  F.R.S.E.    9  ^^anb^ugb-hilI,  Black- 

heatli,  aK 
1899.SSBToadwood,  Miss  Bertba  M.    Pleystowe,  Capel,  Surrey. 
1899.S5BK)adwood,  Jam«  H.  E.    Pleystowe,  Capel,  Surrey. 
1897.  JBrock,  W.  R.    Toronto. 

1896.  'BrocklehurBt,  S.     Olinda,  Sefton  Park,  Liverpool. 
1883.  'Brodie,  David,  M.D,    Care  uf  Bernard  Hollander,  61  Cbaneery-lane, 
W.C. 

.Google 


LIST  OF  MEMBERS. 


1884.  IBiodie,  William,  U.D.    64  Lafajette-aTenue,  Detroit,  Michigan, 

U.S.A. 
1883.  •Brodi»-Hall,  Misa  W.  L.    6  DeTonabire-pIace,  Eartbourne. 
1881.  t^ooli,  Robert  G.     WolTerhampton  House,  l:it.  Helens,  Lacca- 

1864.  •Brooke,  Yen.  Archdeacon  J.  Ingham.    The  Vicarae"'  Halifax. 
18S7.  JBrooks,    James    Howard.     Elm  Hint,    Wilmjlow,    near    Han- 

Chester. 
Ift63.  tBrooks,  John  CrMse.    14  Ijuvaine-place,  Newcastle-on-Tyne. 
1687.  tBrooka,  S.  H.    Slade  House,  Leveoshulme,  Mancbeeter. 
1883.  'Brotherton,  E.  A.    Arthinfrion  Hall,  Wharfedale,  vift  Leeds. 
1888.  'Bniugh,  Mrs.  Charles  S.     Roaondale  Hali,  West  Dulwich,   S.E. 
1886.  ^Bmugh,  ProfsBSor  Joseph,  LL.M.,  Profeesor  of  Logic  and  Philosophy 

in  University  OoU^je,  Aberystwith. 
188B.  *Browett,  Alfred.    29  WheeleyVrosd,  Birmingham, 
1863.  'Bbown,  AlbiamdbrOeum,  M.D.,  LL.D.,  F.R.S,,  F.R.S.E.,  V.P.O.S., 

PiofciisoT  of  Chemistry  in  the  Unif  enity  of  Xkkinburgh.    8  Bel- 

grave-creseent,  Edinburgh. 
1892.  JBrown,  Andrew,  M,Inat.C.E.  Measra.  Wm.  Simons  &  Co.,  B«Dfi«w, 

near  Glasgow. 
1896,  tBrown,  A.  T.    The  Nunnery,  St.  Micbael's  Hamlet,  IJverpool. 

1867.  tBrown,  Kr  Oharlefl  Gage,  M.l>.,  K.O.M.G,    88  Sloane-street,  8.W. 
18M.  tBrown,  Colin.    192  Hope-street,  Glasffow, 

1871.  tBrown,  DsTid.    Wiilowbrae  House,  Midlothian. 

1863.  'Brown,  Rev.  Dixon.    Unthank  Hall,  Haltwhisile,  Garliale. 

1883.  tBrown,  Mrs.  Ellen  F.  Campbell.    37  Abercrombj-square,  liverpool. 

1881.  JBrown,  Fiwierick  D.    26  St.  Gilea'a-street,  Oxford. 

1883,  JBrown,  George  Dransfield.    Henley  Villa,  Ealing,  Middlesex,  W. 

1888.  'Brown,  Mrs.  H.  Bieaz.     Fochabers,  Moravshira. 

1883.  tBiown,  Mrs.  Helen,    Oanaaa-grove,  Newbattle-terrace,  Edinborgh. 

1870.  SBBOw»,HoRiCBT.,LL,D,,  F.R.S.,  F.G.S.  62  Nevem-square,  8.W. 

Brown,  Hugh.    Bn»dstone,  Ayrshire. 
1888.  JBrown,   Miss   Isabella   Spring.     Canaan-grove,   Newbattle-tenace, 

Edinburgh. 
1896.  IBsows,   J.    AiiBir,    J.P.,    F.R.G.8.,    F.G.8.      7    Kent-gardens, 

Ealing,  W, 
1870.  "Bboww,  Professor  J.  Campbell,  D.Sc,  F.0.8.    University  CoUega, 

liveipool. 
1876.  SBrown,  John.    Longliaret,  DunmuTry,  Belfast. 

1881.  *Brown,  John,  M.D.    Stockbridge  Houee,  Padieham,  Lancashire. 

1883.  •Brown,  John.    7  Second-arenue,  Nottinjrham. 

1896.  "Brovni,  John  Charles.     2  Baker^slreet,  Nottinghom. 
1894,  tBrown,  J.  H.     6  Cambridge-road,  Brighton. 

1882.  •Brown,  Mrs.  Mary.     Stocltbridge  House,  Padisham,  LSDcaahin. 
1898.  JBrown,  Nicol,  F.Q.S.    4  The  Grove,  Hifi-hgate,  N. 

1897,  JBrown,  Price,  M.B.    37  Carlton-street,  Toronto,  Canada, 
1886.  (Brown,  R.,  R.N.    Laurel  Bank,  Bamhill,  Perth. 
1863.  J&own, Ralph.    I^mbton's  Bank,  Nowcaatlo-npon-Tyne. 
1897.  iBtcma,  Ridiard.    Jarvis-street,  Toronto,  Canada. 
1896.  tBrown,  Stewart  H.    Quarry  Bank,  AUertoo,  Liverpool. 

1891.  SBeowm,  T.  Foebthb,  M.InatC.E.,  F.G.S.    Guild  Hall  Chambers, 

Cardiff. 
1866.  t-ff*^"*™!  William.    41i  NewstrMt,  Birrrtingkam. 
1886.  JBrown,  W.  A.    The  Court  House,  Aberdeen. 

1884.  JBrown,  William  Qaorge.    Ivy,  Albemarle  Oo^,  Tirpnia,  U.^A. 

1868.  jBrowne,  Sir  Benianun  Chapman,  M.InatO.E.     Westactw,  Neiw- 

caatl»-4ipon-Tyne, 
1900.  s 


dT' Go  Ogle 


LIST  OF  MEMBERS. 


1900.  §Rrciwne,  Frank  BtilfouT.     Qoldidea,  Damftiea,  SootbncL 
1893,  I  Browne,  Harold  Crichton.     Crindon,  Dum/rieM. 

1895.  'Browne,  II.  T.  Doughty.     10  Hyde  Park-temu»,  W. 

1870.  lBB0wirB,SirJ.0RicHT03i,M.D.,LL.D.,F.R.S.,F.R.S.B.  eiOululA- 

place- muisioiis,  Victoria-Street,  S.W. 
1891.  tBBowKE,  MoSTAGU,  F.O.S.    Town  Museum,  LeiM«ter. 

1862.  'Browne,  Robert  Cloyton,  M.A.    Browne'B  Hill,  Gulow,  Ireland. 
1872.  tBrowne,  R.  Macklev,  F.O.S.    Redcot,  Bmdboume,  Sotmioi^  Kent. 
1887.  tBrownell,  T.  W.     6  St.  James' s-tquare,  ManchetUr. 

1865.  JBrowning,  John,  F.ILA.S.    63  Strand,  W.O. 

1883.  tBrowning,  Oscar,  M.A.     King's  College,  Cambridge. 
1855.  XSrownlee,  Ja7ne»,juii.     SO  Bunibank-gardent,  GltUfoK. 
1802.  IBruce,  Jamee.     10  Ilill-Btreet,  Edinburgh, 

1893,  tBruce,  Wjlliwn  3,     II  Mount  Pleasant,  Joppa,  Edinlunrfa, 
1900,  *Brmnm,  Cliarlee.     LUmara,  Orosvenor  Road,  Birldale,  Southport, 

1863.  *Brui)eI,  H.  M.,  M.Inst.C.E.    21  Delabay-stmet,  Weebniiwtar,  §, W. 
1863.  tBrunel,  I,    15  Devonshire- terrace,  "W. 

1876.  iBrtmleea,  John,  M.lDst.C.E.    12  Victoria-street,  WMtminater,  S.W, 

1896.  'Brunner,  Sir  J.  T.,  Bart.,  M,P,     Druid's  Ctobs,  WaTGrtiee,  liTeipCNd. 
1868.  TBBDiriOfl,  Sir  T.  Laudxb,  M.D,,  D.Sc.,  F.R.S.    10  StratTord-iiaee, 

Ozford-etreet,  W. 

1897.  'Brush,  Oharlea  F,    Cleveland,  Ohio,  U.S.A, 
1878,SSBrutton,  Joiwi^.    Teovil, 

1S66.  'Bbtui,    O,    H      D.Sc,,    F.R.S.,    Professor    of    Mathenutica    m 
TJuiTCTfflty  College,  Bangra, 

1894.  IBryan,  Mrs.  R.  P.    Plas  Gwyn,  Banm 

1884.  {Bbtok,  Rev.  Professor  Obokqb.    Wu 
1897.  tBRTCB,  Right  Hon.  Jambb,  D.CL,, 

place,  W. 

1804.  tBrydone,  R.  M,    PBtworth,  Sussei. 
1890.  SBnbb,  Henry.     Ullenwood,  near  Cheltenham, 
1871.  SBucHiK,  AtBiAUDBK,  M.A,,  LL.D.,  F.R.8.,  F.RS.E,,  Sec  Bcottith 

Meteorological  Society.    42  Heriot-row,  Edinburgh. 
1867.  JBuchan,  Thomas.     Strawberry  Bank,  Dundee, 
1881.  •Buchanan,  John  H.,  M.D.     Sowerby,  ThJrsk. 
1871,  tBucHABAH,  JoHii  YoTTsa,  M.A.,  F.R.S.,  F.R.RE,,  F.R.Q.a,  F.CA 

10  Moray-pUce,  Edinbtir^h. 
1884.  JBuchanan,  W.  Frederick.     Winnipeg,  Canada, 

1883.  tBnckland,Mis8  A.  W.     SBeaumont-creeoent,  West  Kennngton,  W. 

1886.  'Buckle,  Edmund  W.    2a  Bedford-row,  W.O, 

1865.  'Bticklq/,  Henry,     18  Princastrerl,  Cavmdtah-tquare,  W. 
1 886. {$ Buckley,  Samuel.     Merlewood,  Beaver  Park,  Didsbuij. 

1884,  'Buckmarter,  ChaiJes  Alexander,  M,A,,  F.O,S.    IG  Hwthfield-nmd, 

Mill  Hill  Park.  W. 
1851.  •BncKToif,  Obobob  Bowblbs,  F.R.8,,  F,Tj,S.,  F.C.S,    Weycomb^ 
Hasleniere,  Surrey. 

1887.  tBudenber?,  C.  F.,  B.3c     Buckau  Villa,  Demesnt-road,  WlwDer 

Range,  Mancbeater, 
1875.  JBudgett,  Samuel,     Penryn,  Beckenham,  Kent 
1883.  JBuiS.  Rev.  Oeorffe  R.,  M.A.    Cullybackey,  Oo.  Antrim,  Irdwid. 
1803.  5Btn,LBiD,  Akthub,  F.S.A.     Glastonbury. 
1871.  IBulloch,  Matthew.    48  Prince's-gate,  S.W. 
1883.  JBulpitj  Bev.  F,  W,    Orossena  Rectory,  Southport, 
1805,  tBunte,  Br.  Hani,    Earlsrube,  Baden, 

1886.  SBimBiTBT,  S.  H.,  M.A,,  F.R.S.    I  New-sonue,  Uncoln^  Isn,  W.O, 
1842.  *BuTd,  Jobji.    Olen  Lodge,  Enocknerw,  Sugo. 
1869.  tBurdettrOoutts,  Baroneae.    1  Stntton^treet,  Plocad%,  W. 


V,  Google 


LIST  OP  MEMBERS. 


1881.  tBiudettCoutt8,W.L.A.B.,M.P.    1  Stratton-street,  Piccadilly,  W. 
1801.  tBurge,  Very  Rev.  T.  A.    Amploforth  Cottage,  new  York. 
1804.  tBnsKE,  JoHH,  B.  B.    Trinitj  CollsKe,  Cambridge. 

1884.  *Biulftnd,  lieut.-Gol.  SefScej  H.     824  Sherbrot^-fltreet,  Montreal, 

Caniida. 
1809.  (Burk,  Herbert  T.    206  Lewisham  High-road,  S.E. 
1888.  tBume,  H.  HoUand.    28  Marlborough-buildings,  Bath. 
1888.  'Bume,  Majop-Oeneml  Sir  Owen  Tudor,  G.C.I.E.,K:.C.S.I.,F.R.G.S. 

182  SutherUnd-KardeiiB,  Maida  Vale,  W. 
1676.  {Burnet,  John.     14  Victoria-'jreacent,  Bowanhill,  Olawow. 

1885.  'Burnett,  \V.  Kendall,  M.A..     11  BelmontBtreet,  Aberteen, 
1877.  JBama,  David.    Alston,  Carlisle. 

1884.  iBams,Pioressor  James  Austin.    Southern  Medical  CoUe^,  Atlanta, 

0«OTgia,  U.S.A. 
189&.§SBurr,  Malcolm.    Borman'B  Park,  Bast  Orinstead. 

1887.  JBurrougha,  ^galBeton,  M.D.     Snow  Hill-buildinm,  E.G. 

1885.  *Burrow8,  Abraham,     Russell  Houae,  Rhyl,  NorSi  Wales. 
18tl0,  jiBunows,  Montssua,  M.A.,  Frofeasor  of  Modem  Kiatory,  Oz&id. 
1884.  tBoratall,  H.  F.  W.    76  Kiog's-road,  Camden-road,  N.W. 
1801.  JBurt,  J.  J.    103  Roath-road,  Cardiff. 

1888.  JBurt,  John  Mowlem.     3  St.  John's-garden 
1888.  fBurt,  Mn.     3  St.  John's^^ardens,  Eenaingtoii 

1804,  tBurton,  Charlea  V.     34  Wimpole -street,  W. ' 

ISee.  'BuSTOR,  Frxdbridx  M.,  F.L.S.,  F.G.S.    Hif^hfield,  Gunsborongh, 
1880.  itBiirton,  Rev.  R.  Lingen.    Little  Aston,  Sutton  Coldfield. 
1807.  (Burton,  S.  H.,  M.B.    60  St.  QileB's-street,  Norwich. 
1892.  IBurton-Brown,   Colonel   Aleiander,  H.A.,   F.R.A.S.,   F.G.S.      11 

Union  Creacent,  Margate. 
1897.  JBurwaah,   Rev.    N.,    IJ..D.,    Principal    of   Victoria    UniTersity, 

Toronto,  Canada. 
1887.  *Buiy,  Henry.    Trinity  College,  Cambridge. 
1809.  jBush,  Anthony.     43  Portland-road,  Nottingham. 

1805.  JBushe,  Colonel  C.  K.,  F.G.S.     19  Orom wall. road,  S.W. 
1878.  tBuTOHra,  J.  G.,  M.A.    23  Oollingham-place,  S.W. 

1884.  'Butcher,  William  Deane,  M.B.C.S.£ng.    Holyrood,  6  OlevelBiid- 

load,  Ealing,  W. 
1884.  tButler,  Matthew  I.     Napanee,  Ontario,  Canada. 
1884.  'Butterworth,  W.    Park  Avenue,  Temperley,  near  Mancharter. 
1872.  (Buxton,  Oharlei  Louis.     Oromei',  Norfolk, 
I88tJ.  XSiLTton,  Misg  F.  M.     NewnAam  ColUge,  Cambridge. 
1887.  'Buxton,  J.  H.    Clumber  Cottage,  Montague-rood,  FelizBtowe. 
1881.  tBuxton,  Sydney.    16  Eaton-place,  S.W. 
1868.  IBuiton,  S.  Gnmey.    Catton  HaU,  Norwich. 
1872.  JBuston,  Sir  Thomaa  Fowell,  Bart.,  G.C.M.G.,  F.R.G.?.    Warlias, 

Waitham  Abbey,  Esaex. 
1864,  tBiERi.ET,  Isaac,  F.L.S.    22  Dingle-lane,  Toiteth  Park,  Liverpool, 
1800.  JBjlea,  Arthur  R.     ■  Bradford  Oheerrer,'  Bradford,  Yorimhiie. 
1886.  ^Byrei,  David.    63  North  Bradford,  Aberdeen. 
1863.  JByme,  Vary  Rev.  James.    Ergenagh  Rectory,  Omagh. 
1883.  jBynim,  John  R.    Mere  Bank,  Fairfield,  near  Maaoheater. 

1880.  (Cackett,  James  Thobnm.    60   Ijarkspui-teirace,  Newcastle^pon- 

Tyne. 
1803.  lOadell,  Henry  M.,  BlSo.,  F.B.S.E.    Grange,  Bo'neaa,  N.E 
18U.  tCaUlard,  Mian  E.  M.    Wmgaald  Houaa,  near  Trowbridge,  Witta. 
1868.  tOaiid,  Echnrd.    Finnart,  Dombartonslun. 


n,gti7cdT:G00glc 


LIST  OF  MEMBEBS. 


1861.  'Curd,  James  Key.    8  Roseangfe,  Dnndee. 

1886.  'QildmU,  William  Hm/.     Cambridge. 
1868.  ICfttey,  A.  J.    Norwich. 

1887.  tCiLLAWAT,  Ohibisb,  M.A.,  D.Sc,  F.Q.S.    35  Hiu 

Liverpcral. 

1897.  $CAU.HNiiAB,Prof.HtioHL.,M.A.,F.ItS.  triuTeistyCcd^«,Oowat 
Street,  W.C^  ftnd  2  Chester  Pkoe,  Et^wifs  Pwk,  N.W. 

1892.  }Cal»ert,  A.  F.,  F.R.G.S.     Rojaton,  Eton-avonuB,  N.W. 
1884.  iCameroD,  j£neas.     Yarmouth,  Nova  Scotia,  Canada. 

1876:  X^ama-on,   Sir  Charla,  Bart.,  M.D.,  LL.D.      1  StaUbf-gardtiu, 

GUujfow. 
1867.  tCuEXBOH,    Sir   Obablbb    A.,    C.B.,    M.D.      16    Pembroke-road, 

Dublin 

1896,  §Cameron,  Irving  H.  307  ShBrboume- street,  Toronto,  Canada. 
1884.  ICameron,  James  C,  M.D.  41  Belmont^park,  Montreal,  Canada. 
1870.  jOameron,  John,  M.D.    17  Bodnej-atree^  Lirerpool. 

1884.  ^Campbell,  Archibald  H.    Toronto,  Canada. 

1876.  ICampbell,  Right  Hon.  James  A.,  LL.D.,  H.F.    Stracathro  House, 

Brechin, 
Campbell,     John     Archibald,     M.I>,,     F.R.S.R       Albyn-plxx, 
EdinboiKh. 

1897.  JOamphell,  Major  J.  C.  L.  New  Clnb,  Edinburgh. 
1898.$SCampbell,  Mtb.  Napier.  81  Aahley'^ardens,  8.W. 
1897.  tOampioQ,  B.  W.    Queen'a  College,  Cambridge. 

1882.  lOantfy,  F.  H.     71  High-street,  ajnthampton. 

1890.  jOiinriii,  Enwiir,  M.A.,  F.S.S.     1  WeUingtrai  Square,  Oxford. 

1897.  SCannon,  Herbert.     Woodbank.  Erith,  Kent. 

ISOS.  tOAiriEKBiTBT,  Right  Hod.  and  MoatRer.  F.  Texplb,  Lord  Archhiahop 
of.    Lambeth  Palace,  S.E. 

1888.  tCappel,  ^  Albert  J.  L.,  K.O.I.E.    27  Kenungton  Court-guden*, 

London,  W. 
1894.  SCaffeb,  D.  S.,  M.A.,  Profeseor  of  Mechanictd  EngineeiiDg  in  EingV 
CoUege,  W.O. 

1883.  tCapper,  Mrs.  R.    S  Bridge-etoeet,  ■Wastminster,  S.W, 
1887.  ICapBtidf,  John  Walton.    Univetsi^  OoU^;e,  Dundee. 

1873.  'Oabbtjtt,  Sir  Edwabv  Hamxb,  Bart,,  M.Inst.C.E.  19  Hyde  Paib- 

Xrdens,  W. 
1,  H.  V.    Bftlinveney,  Bookham.  Surrey. 

1877.  tCarkeet,  John.    3  St.  Andiew'a-pIaoA,  Plymoodi. 

1898.  tCaiHl^,  Geoiye  M.    7  Upper  Be^ave-roiad,  Bristol. 
1867.  JCarmichael,  David  (Engineer).     Dundee. 

1897.  ICarmichaal,   Norman   R.    Queen's   UniTeiaity,  Kingston,  Ontario, 
Canada. 

1884.  tCamegie,  John.     ■Peterborough,  Ontario,  Canada. 

1884.  JCarpenter,  Louis  G.    Agricultural  Coll^,  Fort  Collins,  Colorado, 

U.S.A. 
1897.  tCarpenter,  R.  C.    Cornell  University,  Ithaca,  New  Twk,  U.S^. 
1880.  ICarr,  Cuthbert  EUison.    Hsdgeley,  Alnwick. 

1893.  JCarb,  J.  Weslbt,  M,A.,  F.L.S.,  F.G.S.,  Profeasor  of  Biology  in 

University  College,  Nottingh^, 

1889.  JCan^Elliaon,  John  Ralph.    Hedgeley. 

1867.  JCaerttthrbb,    Wn.tiAX,  F.R.S.,  F.' 

road,  Norwood,  S.E. 
1886.  tOiBSLAKB,  J.  Babham.    30  Westfield-road,  1 

1899.  jCarslaw,  H.  S.,  D.Sc.     The  Universi^,  Gla^w. 
1883.  fOaison,  John.    61  Roval-avenue,  BeUaat. 

1868.  'Oarteighe,  Michael,  F.C.S.,  F.I.C.    180  New  Bond-stnet,  W. 


Google 


LIST  OF  MEMBERS. 


1897.S$Ositer,    E.  Tretnlett.    <  Tlie  Electrician,'    SAlisbnir  Court,  Fleet 

Stre«t,  E.C. 
1866.  lOarter,  H.  H.    The  Park,  Nottingham. 

1870.  tCarter,  Dr.  William.    76  Rodney  8ti«et,  liTarpool. 

1883.  JCarter,  W.  0.    Mancheater  and  Salford  Bank,  Southport. 
1900,  •Cartar,  Rav.  W.  Lower,  F.G.S.    Hopton,  Miifleld. 

1885.  tCarter,  Mra.    Manchester  and  Salford  Bank,  Sonthport. 

1896.  SCartwright,  Miea  Edith  G.    21  York  Street  ChamberB,  Bryaiutton 

SqUMfl,  W. 

1878.  'Oartwnglit,  Ernest  H.,  M.A..,  M.D.    Bower  Terrace,  Maidstone. 
1670.  JCartwright,    Joshua,   M.IoBt.C.E.,  F.SJ,,    Borouf^h    and   Water 

En^eer.    Albion-place,  Bury,  Lancashire. 
1663.  jOarulla,  F.  J.  R.    64  ArarU-terrace,  Derhj. 
1894.  ICanu,  Paul,    La  SaUe,  fUinois,  U.S.A. 

1884.  •CarrerjReT.Canon  AllredJ.,D.D.,F,R.a.S.    Lynnhurat,  Streatham 

Common,  S.W. 

1864.  JCarver,  Mm.     Lynnhnrst,  Streatham  Common,  S.W. 

1687.  tCasartelli,  Rev.  L.  C,  M^A.,  Ph.D.    St.  Bede's  College,  Mancbertet. 

1897.  'Caae,  Willard  E.     Auburn,  New  York,  U.S.A. 

1896.  'Casey,  Junes.    10  Philpot-lane,  E.G. 

1871.  lOa^,  Joseph.    Bird-.gTOTe,  Coventry. 

1878.  *Oaah,  William,  F.G.S.    35  Oommercial-atreet,  Halifax. 
1000.  'Caaiue,  W.,  M.A.     Professor  of  Physics   in  the  Royal  HoHoway 
College,  Brantwood,  Englefield  Green. 

1897.  ICastoo,  Harry  Edmonds    Feathetston.       340  Brunswick-avenue, 

Tomnto,  Canada. 
1888.  tCafar,  E.  B.    Awndale,  Senrietta  Park,  Bath. 
1874.  tOaton,  Richaid,  M.D.    Lea  Hall,  Gateacre,  liverpool. 

1860.  JOfttto,  Robert.    44  King-street,  Aberdeen. 

1886.  *Cave-Hoyles,   Mn.   Isabella.     Lancaster  House,   102   Palace-road, 

Tulee  Hill,  S.W. 

Oayley,  Uigby.    Brompton,  near  Scarborough. 

Cayley,  Edward  StdlUi^^t.  Wydale,  Malton,  Yorkshire. 
1883.  tChadwick,  James  Percy.  61  Alexandra-road,  Southport. 
1669.  tChalmers,  John  Inglis.    Aldbar,  Aberdeen. 

1883.  tOhamberlain,     Goorge,     J.P.       Helenahohne,     Birkdale     Park, 

Sonthport. 

1884.  tChamberlain,  Montague.    St.  John,  New  Brunswick,  Canada, 

1883.  JChambers,  Mrs.    Bombay, 

1881.  'Champney,  John  E.    27  lUns  Place,  S.W. 
1666.  (Chance,  A.  M.    Edgbaston,  Birmingham. 

1865.  •Chance,  Sir  James  T.,  Bart.    1  Grand-avenue,  Brighton. 
1666.  IChance,  Robert  Lucas.    Chad  Hill,  Edgbaston,  Birmingham. 

1888.  tChandler,  S.  Whitty,  B.A.    Sherborne,  Dorset. 

1861,  ■Chapman,  Edward,  M.A.,M.P.,F.L.S.,F.C.S.    Hill  End,  Mottrom, 

Manchester. 
1897.  JChapman,  Edward  Henry.    17  St.  HildaVterrace,  Whitby. 

1889.  iChapman,  L.  11.     147  Park-road,  Newcastle-upon-Tyne. 

19O0.  ^Chapman,  L.  J.     79  St.  Bees  Street,  Moas  Lane  East,  Manchester. 

1884.  iOhapman,  Professor.    Univeruty  ColWe,  Toronto,  Canada. 
1809.  ^Chapman,  Sydney  John.    Univeraitv  College,  Cardiff. 

1877.  IChapman,T.  Algernon,  M.D.    17  Wesley-avenue,  Liscard,  Cheshire. 
1874.  tCharles,  J.  J.,   M.D.,  Professor  of  Anatomy  and  Physiok^  in 

Queen's  CoUege,  Cork.     Newmarket,  Co.  Cork, 
1874.  JCharley,  William.    Seymour  Hill,  Dunmuny,  Ireland. 

1866.  tC^rnock,:^cAardSb^kai,Pk.I).,F.S.A.    Crichton  CliA,Adelpki- 


n,gti7cd  ay  Google 


LIST  OF  MEMBERS. 


886.  tOhAte,  Robert  W.    SouthSald,  EdglMutni; 
""'    ■Chatterbm,  Qeoise,  M.A.,  M.IdblO.E. 

minstor,  S.W. 
'CUttock,  A.  P.,  M.A.,  Profe«8or   of   Experimental   Phymca  in 

UniTeraity  College,  Bristol. 
867.  'Chatwood,    Samuel,    F.R.G.S.     High  Iawd,  Broid   0*k    Park, 

Worsler,  Mnncheflter. 
[864.  tOHAUVUV,  The  Hon.  Dr.     Mootieal,  Canada. 

883.  IChawner,  V'.,M.A.     Emmanuel  CoUege,  Cambridge. 

864.  JCdadm,    W.   R,    M.A.,  M.D.,   F.B.G.8.      19  PortmMi-etrMt, 

Portman-square,  W. 
,600.  SChefsman,  W,  Xorwood.    The  Crescent,  Selby. 

887.  jCliettham,  F.  "\V.  Limefield  House,  Hyde. 
887.  ICheelham,  John.  Limefield  House,  Hyde. 
"""    tOkenie,  John,     (^harlotle-street,  Edinburgh. 

•Ohermside,  Mujor-Geiiera!  Sir  H.  C,  R.E.,  G.aM.G.,O.B.  Care  of 
MeBfrt.  Cox  ft  Co.,  Craig's-court,  Charing  Oroa,  8.W. 

iChemman,  Professor  J.  B.     Ottawa,  Canada. 
.806.  ICherry,  R.  B.     92  Stephen's  Green,  Dublin. 
879.  'Chesterman,  W.     Belmajne,  Sheffield. 
.683.  JChineiy,  Edward  F.     Monmouth  House,  Lymington. 
.884.  jChipman,  W.  W.  L.    957  Dorcherter-sttoet,  Montreal,  Canada. 
.889.  tOhirneT,  J.  W.    MorpeUi. 

oa*  JChiaholm,  G.  G.,  M.A.,  B.Sc.,  F.R.G.S.  69  Drakefield  Rood,  Upper 
Tooting,  S.W. 

JChitty,  Edward.    Suffolk  House,  London-road,  Dover, 
899.  jChittj,  Mr*.  Edward.    Suffolk  House,  London-road,  Dover. 
.899.  jCbittT,  O.  W.    Mildnra,  Fark-avenua,  Dover. 
.882.  jChorley,  QeotRe.    Midhurat,  Susses. 

.887.  IChoriton,  J.  Clayton.    New  Holme,  Witbington,  Hancheater. 
"""    'Cehbb,    CKA.BLBS,    D,Sc.,    F.RS.,    Superintendent    of  the  Kew 

Observatory,  Richmond,  Surrey. 
1900.  *ChTistie,  R.  J.     Dake  Street,  Toronto,  Canada. 

884.  •Christie,  William.    20  Queen's  Park,  Toronto,  Oanada. 

876.  'Chrialopher,  George,  E.C.S.  May  Villa,  Lucien-road,  Tooting 
Common,  S.W. 

876.  'Chribtal,  Gkobge,  M.A.,  LL.D.,  F.R.S.E.,  Professor  of  Mathe- 
matics in  the  University  of  Edinburgh,  6  Belgrave-crescent, 
Edinburgh. 

.870.  JUnuHCH,  A.  11„  M..V.,  F.RS.,  RS.A.,  Pro fessor  of  Chemistry  in  tiia 
Royal  Academy  of  Art».     Sbelslev,  Ennerdale-road,  Kew. 
SChdbch,  Colonel  G.  E*bl,  F.RG.8,    L'16  CromweU-road,  S.W. 

»60.  IChcsch,  Sir  Willuh  Selbi,  Bart.,  M.D.  St  Bartholomew^ 
Hospital,  E.C. 

886.  {Olague,  Daniel,  F.G.S.    5  Sandstone-road,  Stoneycrofl,  Liverpool. 

1800.  tCIarlc,  E.  K.    13  Welldose-place,  Leeds. 

.877.  'Clark,  F.  J.,  J.P.,  F.L.S.    Netberleigh,  Street,  Somerset. 
Clark,  George  T.    44  Berkelev-equare,  W. 

876.  IClark,  Geo^  W.    31  Waterloo-street,  Gla^ow. 

"™  XC!ark,  Jarna,  M.A.,  PkM.,  Proftmr  of  AgnaiUHre  in  t^  Tork- 
ikire  College,  Leedf. 

.893.  tClark,  James.    Chapel  House,  Paisley. 

,876.  jClaA,  Dr.  John.    1.38  Bath-etreet,  Glasgow. 

:e81.  jClark,  J.  Edmund,  B.  A.,  B.Sc.     112  Wool  Exchange,  E.C. 

1865.  TCUrk,  Rev.  William,  M.A.    Barrhead,  near  Glasgow. 

1887.  SOlatke,  C.  Goddard,  J.P.    Fairlawn,  167  Peekham-rye,  S.E. 

.876,  tOlarke,  Charles  S.    4  Worcester-terrace,  Olifton,  Bristol. 


,glc 


1880.  jOUrke,  D&vid.    Laugley^ood,  Small  Heath,  Biimiagham. 
1686.  fOlarke,  Kev.  U.  J.     Qreat  Barr  Vic&ra^,  Birmingham. 
1876.  JClarks,  John  Hshkt.     4  Worcaster-terrace,  Clifton,  BriBtol. 
18A7.  ^Clarke,  Colonel  S.  C,  It-E.     I'arklandB,  CaTershatn,  near  ReadiDg. 

1883.  IClMke,  W.  P.,  J.P.     15  Heaketh-street.  Southport. 
18M.  SClarke,  W.  W.    Albert  Dock  Office,  Liverpool. 

1884.  tClaxton,  T.  James.    461  St.  Urbain-atreet,  Montreal,  Canada. 

1889.  SOlaidbjt,  A.  W.,  M.A.,  F.G.S.    St.  John'H,  PoUloe-road,  Exeter. 
1866.  jClayden,  P.  W.     13  Tsvistook-Bquare,  W.O. 

1890.  *ClaytoD,  William  Wikel;.     Qipton  Lodge,  Leeds. 
1869.  tCleghorn,  John.     Wick. 

1876.  JCfrffrom,  T.  W.  B.     Said  Lodge,  near  StowMouw,  Ghuceitenhire. 

1861.  SCULUrs,  JoHH,  M.D.,  D.Sc.,  F.R.S.,  Professor  of  Anatomy  in  the 
Umversity  of  Glasgow.    '2  The  Universitr,  QIasgow. 

1861,  'OuFTOK,  H,  Bkllavt,  M.  A.,  F,R.S.,  F.R.  A.S.,  Professor  of  Experi- 
mental Philosophy  in  the  Univerutj  of  Oxford.  3  Bardwell- 
load,  Btmburj-road,  Oxford. 

160&  JOlisaold,  H.     30  CoUege-road,  Clifton,  Bristol. 

1893.  tClo^Td,  William.    36  MansSeld-TOad,  Nottingham. 
Olonbrock,  Lord  BoWt,    Olonbrock,  Qftlway. 

1878.  {Close,  Rer.  MaiweU  II.,  F.Q.S.    38  Lower  BAggot-stKet,  Dublin. 

1678.  jCIough,  John.    Bracken  Bonk,  Keighley,  Yorkshire. 

1693.  t(^k>uston,  T.  8.,  M.D.    Tipperlinn  House,  EdinbDrffh. 

1888.  'Clowes,  FBim,  D.Sc,  F.C.S.    London  County  Council,  Spring- 

gardeiu,  S.W.,  and  17  Bedford  Court-manBions,  W.C. 
1863.  •Olntterbuck,  Thomas.     Warkworth,  Acklington. 
1881.  *Clutton,  WiUiam  James.     The  Mount,  York. 
1886.  XCijne,  Junes.     Bulnalaw  Den  South,  Aberdeen. 
1891.  'CoatM,  Henry.    Pitcullen  House,  Perth. 
1897.  tCoates,  J.,  M.InstO.E.    99  Queen-street,  Melbourne,  Australia. 
1884.  SOobb,  John.    WeBtSeld,  Dkley,  Yorkshire. 

1895.  'CoBBOU),  Fblix  T.,  M.A,     The  Lodge,  Felixstowe,  Suffolk, 

1889.  |CochraDe,Cecil  A.  Oakfield  House, Gosforth,  Newcastle-upon-Tyne. 
1604.  'Cochrane,  James  Henry.     Buraton  Houre,  Pittville,  Cheltenham. 
1888.  JCochraue,  William.  Oakfield  House,  Oosrorth,NewcastIeHipon-Tyne. 

1893.  tCockbum,  John.    Olencome  House,  Milton  Bridge,  Edinburgh. 
1883.  tCockshott,  J.  J.    24  tjueen's-road,  Southport. 

1861.  *Coe,  Rer.  Charles  C,  F.R.G.S.      ^Vhmsbridge,  Giosvenor-road, 

BoumemouUi. 
1806.  J  {Coffey,  George.     5  Xlartoiut-terrace,  Dublin. 
1661.  'CoFFiK,  Walter  Habbib,    F.C.S.     04  Cornwall-gardens,  South 

Kensington,  S.W, 

1696.  'OoghiU,  Percy  de  G.    4  Sunnyside,  Prince's  Park,  Liverpool. 
1664.  'Cohen,  B.  L.,  U.P.    30  Hyde  Park-Gardens,  W. 

1687.  ICohen,  Julius  B.     Yorksh^  College,  Leeds. 

1894.  'Colhy,  Miss  E.  L.,  B.A.     Carregwen,  Aberystwyth. 

1896.  'Colby,  James  George  Ernest,  M.A.,  F.It.C.S.    Malton,  Yotkehire, 
1896.  'Colby   William  Henrv.     Carregwen,  Aberystwyth. 

1803.  tCole,Prof.OrtiiTilleA.J.,F.G.S.   Royal  College  of  Science,  Dublin. 
1879    tOole,  Skelton.     387  Gtossop-road,  Sheffield. 

1664.  JOolefox,  H.  Arthur,  Ph.D.,  F.C.S.  14  Cheste>tenace,  Chester- 
square,  S.W. 

1697.  SCoi^EMAH,  Dr.  A.  P.    476  Huron-street,  Toronto,  Canada. 

1693.  JColeman,  J.  B.,  F.C.S.,  A.R.C.S.    University  Colkge,  NotlJDgham. 

1699.  SCokman,  WiUiam.    The  Shrubbery,  Buckland,  Dover. 

1878.  tCWes,  John.    1  Savile-row,  W. 

1864.  'Colibx,  William,  B.A.     Westmead,  ^idport,  Dtnsetehin. 


n,g  -ccT'GoOgIc 


LIST  OF  MEMBERS. 


I.  {CoUftrd,  GeoiFo.    Tbe  Gkbles,  CanterljiiiT. 

I.  tCollet,  MiBB  CUra  E.    7  Oolerid^-road,  N. 

'.,  tCoUis,  Alexander.     Harlaw  House,  laverurie. 

'.  jCoLLtB,  J.  NoBMAF,  Ph.D.,  F.R.a,,  Profeeaor  of  Chemiatry  W  tbe 

PharmRceuticalSociet;  of  Great.  Britain.  16  Cumpden-gTOye,  W. 
I,  tCollier,  W.  F.     Woodtown,  Hoirabidfre,  South  Devon. 
I.  ]:0olliiige,  Walter  E.     Mssou  Oolleon,  Birmiii|rbam. 
I  tCouiBswoOD,  CiTTHBEBi,  M.A.,  M.B.,  F.L.S.    69  GrcBt  BuMeD- 

Btreet,  W.O. 
.  *OolIiiifrwood,  J.  Frederick,  F.GS.      6  Irene-road,  Puaon's  Green, 

S.W, 
I.  lOoLLlSH,  J.  ir„  F.G.S.     162  Harry-roRd,  S.E. 
'.,  'Collins,  James  TerUuB.     Churchfield,  Edgbnston,  KnningiiaiD. 
I.  ^Oolmer,  Joseph  G.,  C.M.G.     Office  of  the  High  Oominuaioner  fi>T 

Cauada,  17  Victoria-strBst,  S.W. 
I.  l0olomb,8irJ.C.R.,M.P,,F.R.Q.S.  I>roiiiquinna,Keiimare,  K«R7, 

Ireland;  and  JonJor  United  Service  Olub,  S.W. 
'.  t(^'<)tihoun,  A.  H.  U.,  B.A.    86  Boiden-atreet,  Toronto,  Canada, 
i.  •Comber,  Thomas,  F.L.S.     Leighton,  Parkgate,  Cheater. 
I.  t(^mmane,  R.  D.     Macaulaj-buildiogs,  Bath. 
„  iCoMMOif,  A.  A.,LL.D.,F.K.S.,F.R.A.S.  63 Eaton-rise, Ealing,  W. 
.  tCommon,  J.  F,  F.    21  Park-place,  Cardiff. 
I.  iCommon,  T.  A.,  B.A.    63  Eaton  Rebp,  Ealing,  W. 
I.  jComyns,  Frant,  M.A.,  F.O.S.    The  Grammor  School,  Durham. 
,.  JConklin,  Dr.  William  A.    Central  Park,  New  York,  U.SA. 
I.  tConoacher,  W.  9.     Birkenhead  Institute,  Birkenhead. 
I.  JConnon,  J.  W.     Park-row,  Leeds. 
.  'Connor,  Charles  0.    4  Qoeen's  Elms,  BelfaBt. 
I.  tCoHWAY,  Sir  W.  M.,  M.A.,  F,R.G.S.    The  R«d  House,  Hornton- 

street,  W. 
I.  {CoODB,  J.  Chables,  M.InstC.E.     Weetminster-chBjnbers,  0  Vic- 

toria-Btreet,  S.W. 
(.  (Cook,  Ernest  H.    27  BerkBlej- square,  Clifton,  Bristol. 
I.  SCook,  Walter.     08  St.  Mary's  Street,  Caniiff. 
!.  ICOOKB,  Major-Ganeral  A.  0.,  R.E.,  O.B.F.R.G.S.  Pa3ac«-chamb«», 

RvdeivBtreet,  S.W. 
t.  •Ooon,'CoMKAD  W.    28  Victoria-street,  S.W. 
.  JCooke,  F.    Bishopshill,  York. 

(.  tCooke,  Rev.  George  H,    Wanstead  Vicarage,  near  Norwich, 
>.  tCooke,  Mi»s  Javflte  E.     Holtntcood,  Tfiarps,  Konnich. 
t.  tCooKB,  M.  C,  M.A.     53  Castle  Road,  Kentieli  Town,  N.W. 
i.  jOooke,  R  P.     Brocki-ille,  Ontario,  Canada. 
i.  iCooke,  Samnel,  M.A.,  F.G.S.     Poona,  Bombay. 
..  jCaoke,  Thomas.     Bishopshiil,  York. 
I,  tCooksey,  Joseph.    West  Bromwich,  IMrminghain. 
I.  jCookBon.  E.  H.    Kiln  Hey,  A^'est  Derby. 

i.   iCoo/rty,  George  Parkin.     CantJidith  Hili,  SAeneood,  Kottinghim. 
>.  'Coomara  Swamy,  A.  K.     Walden,  Worplesdon,  Guildford. 
>.  tOooper,  Cbarleg  Friend,  M.l.E.E.    68  Victoria-atzeet,  Westminster, 

S.W. 
t.  tCooper,  F.  W.    14  Hamilton-road,  Sherwood  Rise,  Nottingham. 


'.  tCoote,  Arthur.    The  Minories,  Jesmond,  Newcastle-upon-^Trne. 
I  iOope,  BflT.  S.  W.    Bramlev,  Leeds. 

.  tOoPELuin,  Ralph,  Ph.D.,  'F.R.  A.S.,  Astronomer  Royal  for  Scotland 
and  Professor  of  Astronomy  in  the  Uniyersity  of  Edisbtn^ 


.  ,,  Google 


X.IST  OF  MEMBEBS. 


1886.  ^Copland,  W.,  M.A.     TortoraUm,  Peterhaad,  N.B. 
1881.  tCopperthwute,  H.    Hol^ste  ViUti,  Holgate-kne,  Yoik. 
1891.  jCorbett,  E.  W.  M.     Y  fton,  PwUjpwit,  Cardiff. 

1887.  'CorcorM,  Bryan.     Fairlight,  Oliver  Grove,  South  Norwood,  8.E. 
1894.  §OoTCoran,  Mim  Jesaie  B.    The  Cheatnuta,  UulgraTe-niad,  Sntton, 

1663.  'Core,  ProfesaoT  Thomas  H.,  M.A.    Fallonfield,  Manchestar. 

1870.  'CoEnKLD,  W.  H.,  M.A.,  M.D.,  F.C.S.,  F.G.S.,  ProfaeBor  of  Hypene 

aiid  Public  HcAith  ia  Univeruty  College,  London.    IQ  Savile- 

low,  W. 
1803.  •Oomor,  Samuel,  B.A,,  B.Sc.    05  Forestroad  Weet,  Nottinpham. 
1880.  tComish,  Vaugbau,  H.Sc.,  F.R.O.S.     Bronksome  Cliff,  Brankaome 

Park,  Bournemouth. 
1884.  •Com^allia,  F.  S.  W.,  M.P.,  F.L.S.    Linton  Park,  Maidstone. 
1686.  tCorry,  John.    Eosenheim,  Park  HUl-road,  Croydon. 

1888.  tCors«r,  Rev.  Richard  K.    67  Park  HiU-road,  Croydoii. 

11)00.  fCortie,  Rev.  A.  L.,  F.B.A.S.    Stonyburet  Colic^,  Blackburn, 
1891.  tOoiy,  John,  J.P.     Vamdre  Hall,  near  Cardiff, 
1801.  jCory,  Aldennao  Richard,  J.P.    Oscar  House,  Newport-road,  Car- 
diff, 
1883.  tOoat«lloe,  B.  F.  C,  M.A.,  B.Sc.    33  CbancerT-Iane,  W.C. 

1891.  'Cotswortb,  Holdane  Owilt.    The  Cedan,  Cobham  Rood,  Norbiton, 

S.W. 

1874.  'CoTiEBiu.,  J.  H.,  M.A.,  F.Il.9,  15  St,  Alban's-mansions,  Kensing- 
ton Court^^ardens,  W. 

1864.  tOoiTon,  General  Fbxdekick  0.,  R.E.,  CS.I.  13  Longridge-road, 
Earl's  Court-road,  S.W. 

1869.  XCOTTOS,  WiLUAM.    I'enneylmnia,  Exeter. 

1876.  JGonpei,  James.    City  Glasa  Works,  Glasgow. 

1876.  JCouper,  Jame8,jun.     City  Qhias  Works,  Glasjfow. 

1889.  \Courtniy,  F.  S.     77  Sedclife-iguare,  South  Kauins/ton,  S.W. 
1886.  ICouB-niBI,  Right  Hon.  Lsohabd.     1£  Cheyns  Walk,  Ohelsea,  S.W. 
1800.  ICouuns,  John  James.    AUerCon  Park,  Chapel  AUerton,  Leeds. 
1896.  tCoventry,  J.     19  Sweetini-street,  Liverpool. 

Cowan,  John.     Valleyfield,  Penpycuick,  !Edinhurgh, 
1868.  tCowan,  John  A,     Blaydon  Bum,  Durham. 
1808.  JCowan,  Joseph,  jun.     Blajdon.  Durham. 
1872.  'Cowan,  Thomas  WiUiam,  F.L.3.,  F.G.S.     17  Kbg  Williom-atreet, 

Strand,  W  C. 
1900.  fCowbum,  lienry.    Dingle  Head,  Westleigh,  Leigh,  I^ncashire. 
1806.  'CowELL,  Phiup  II.,  M.A.    Royal  Observatory,  Greenwich,  S.E. 

1871.  XCoTcper,  C.  E.     6  Great  Gforffe-ifreet,  Wutmiruler,  S.W. 

1890.  SCowper-Coles,  3herard.     82  Vietoria^treet,  S.W. 
1867,  'Cox,  Edwari.     Cardean,  Meigle,  N.B. 

1867.  *0ox,  Geoi^  Addison.     Beechwood,  Dundee. 

1892.  tCox,  Robert.    34  Drumsheurh-gaideoB,  Edinbn^b. 

1682.  tCox,  Thomas  A.,  District  I^neer  of  the  S.,  P.,  aod  D.  Railway 
Lahore,  Punjab.  Care  of  Messrs.  Grindlay  &  Co.,  Parliament- 
Btreet,  S.W. 

1888.  lOox,  Thomas  W.  B.    The  Chestnuts,  Lansdowne,  Bath. 

1667.  jCoj,  William.    Fogifley,  Lochee,  by  Dundee, 

1883.  iCrabtree,  William.    l'2<t  Maiicheste>road,  Southport. 
1890.  lOradock,  Oeorxe.    Wakefield. 

1693.  *Cnug,  George  A.    66  Edge-lane,  Liverpool. 

1884.  SOr&iqie,  MajorP.  G.,F.S.S.    6Lyndhunt-road,  Hampstead,H.W. 
1676,  jCrsmb,  John.    Larch  Villa,  Helensbunth,  N.B. 

1884.  iOrstfaern,  James.    Sherbtooke-street,  MmtTetl,  Canada. 


,  V,  Google 


96  LIST  OF  UEHBEB8. 

Tar  of 

.887.  t(^'>Ta&,  Joho.    SmedleT  Lodge,  Gheetham,  MaDchester. 

L887.  •Craven,  Thomw,  J.P.     WooiflievM  Park,  Ashton-npon-Meriey. 

'Ckawfobs  utd  Baloarkbb,  Tiie  Bight  Hon.  the  Earl  of,  E.T., 

LL.D.,  F.R.S.,  F.R.A.S.     Dun  Echt,  Aberdean. 
*On»rfoTd,  William  Caldwell,  M.A,     1  Lockhatton-ganleiis,  Crmg- 

lockhart,  Edinburffh. 
'Uramhaw,  The  Right  Hon.  Lard.     Whatton,  Loughborough. 
§CrawBliaw,  Charles  B.     RufTord  Li>dge,  Dewaburj-. 
•Crawshftw,  Edward,  F.R.G.8.    25  ToUington-park,  N. 
•Orawahav,  Mrs.  Robert.    CaTersham  Park,  Beading. 
SCaE*B,  "Captain   E.   W.,  R.N,,  F.R.S.      9  HeireT-wtd,  Black- 
heatii,  S.E. 

[896.  ]:CtegMn,  A.  C.    21  Piiuce'a-avenue,  Liverpool. 
""^   tOiMwick,  Nathaniel.    Chantr;  Grange,  near  SbefEeld. 

'CrewdsoQ,  Bev.  Canon  Oeoi^.    St.  Uarj's  Vicarafe,  WiikdermKe. 
'Crawdaon,  Theodore.    NorciifTe  Hall,  Handforth,  Maocberter. 
$Cricbton,  Hugh.    Q  Rockfield-road,  Aniidd,  [iverpooL 
•Crisp,  Frank,  B.A.,  LL,B.,   F.L.S.,  F.G.S.    5  Lanrfowno-road, 

Sotting  Hill,  W. 
•Croft,  W.  B.,  M.A.     Winchester  College,  Hampahire. 
.878.  JCroke,   John    U'Byme,  M.A.     Clouneagh,  BaUingarry-Lacy,  co> 

Idmerick. 
1867.  tOrolly,  Rev.  George.    Maynooth  College,  Ireland. 

1885.  iCrombie,  CharUi  W.     41  Cardm-place,  Aherdetn. 

1886.  tOROKBiB,  J.  W.,  M.A.,  M-P.     Balgownie  Lodge,  Aberderal. 
188(>.  I  Crombie,  Theodore.     18  Albyn-place,  Aberdeen. 

'867.  SCbook,  Hebbi  T.    9  Albert>^uare,  Maneheater. 
898.  SCrooke,  William.    Langton  House,  Charlton  KingB,  Oheltenliam. 
.866.  SCbookbb,  Sir  William,  F.R.S.,  V.P.C.S.     7  EenaiDgtan  Puk- 

gardene,  W. 
.879.  JOrookes,  Ledy.     7  Kenaiimton  Park-gardens,  W. 

•Obooibbahi,  E.   M.,  M.B.,  Professor  of   Bacteriology   in  King's 

CoUeire,  London,  W.C. 
870.  JCrosfield,  C.  J.     Gledhill,  Sefton  Park,  Liverpool. 
.894.  *CT09field,  Miw  Margaret  C.    Undercroft,  Reigate. 
870.  •CaosriELO,  WiiiiAM.    Annesley,AigbiiTth,  Liverpool. 
.890.  tCross,  E.  lUchard,  LL.a     Harwood  House,  New  FarkB-cresccnt, 

Scarborough. 
,§^Oros8,  John.     Beaucliffe,  Alderley  Edge,  ClieBhire. 
.86].  XVroM,  Beo.  John  Edward,  M.A.,  F.G.f,:     HaltcoU,   Granff-onr- 

Sandf. 
.863.  tCrosikill,  WiUiam.    Beveriey,  Yorkshire. 
1687.  *CrossIey,  William  J.    Glenfield,  Bowdon,  Cheabire. 
:e94.  *Croaweller,'\Villiani  Thomas,  F.Z.8.,F.LIii8t.     Kent  Lodge,  ^cnp, 

Kent. 
.897,  •CroBWeller,  Mrs,  W.  T.     Kant  Lodge,  Sidcup,  Kent. 
1894.  tCrow,  C.  F.     Bona  Lea,  Woodstoek  Road,  Oxford- 
883.  JCrowder,  Robert.     SUnwix,  Carlisle. 
.882,  jCrowley,  FredBrick.     Ashdell,  Alton,  Hampshire. 
890.  'Crowley.  lUlph  Henry,  H.B.     116  Manningham  Lane,  Bradford. 
"""    tCruddas,  George.    EUwick  Engine  Works,  Newcaatle-apon-l^riM. 

JCruickshank,  Alexander,  LL.D.    20  Boee-atreet,  Aberdeen. 
888.  jOrummack,  William  J.  London  and  Brazilian  Bank,  Bio  de  Janeiro, 

Brazil. 
1898.  ^Binn>aLL,  Sir  Willum  H,    Dover. 
1888.  tOuUey,  Robert.    Bank  of  Ireland,  DnUin. 
'"'"   •CuiTBBWHLL,  EswABD  P.,  M.A.    40  TWnity  College,  DnUiD. 


LS78.  tOulverwall,  Joseph  Pope.    St.  Lftwrenca  Lodse,  Sutton,  Dublin. 
L888.  {OnlTerweU,  T.  J.  H.    Litfield  Houae,  OUfton,^islaL 
.897.  tOumberland,  Barlow.    Toronto,  Canada. 
.88a  JGundaU,  J.  Tudor.    I  Dean  Park-ereiscent,  Edinburgh. 
—    •Oonliffe,    Edward    Tbomas.      The    Parsonage,    Handforth,    Man> 
Chester. 
'CunlifTe,  Peter  Qibaoii.     Dunedin,  Handforth,  Manchester. 
•OiTHimjftHAii,  Lieut-Colonel  Allan,  R.E.,  A.I.C.E.     20  Easax- 

TiUas,  Eettsington,  W. 
•CmmmOHAK,  D.  J.,  M.D.,  D.C.L.,  F.R.S.,  F.B.S.E.,  Piofessor  of 
Anatomy  in  Trinity  College,  Dublin. 

1891.  jCunningbam,  J.  H.     4  Magdala-m-eecent,  Edinburgh. 
fOunnin^am,  John.     Macedon,  near  Belfast. 
tCmnraiaHA]!,  J.  T.,  B.A.    Biological  Laboratory,  Plymouth. 

869.  iCninmi9H4K,    Robert  O.,   M.D.,   F.L.S.,   F.G.S.,   Professor  of 
Natural  History  in  Queen's  College,  Belfast. 

•CuTOiNBHAH,  EeT.  W.,  D.D.,  D.Sc.    Trinity  College,  OambridgB. 

18D2.  SCunmngham-Craig,  E.  IL,  B.A.,  h'.Q.S.     Geological  Survey  Office, 
Sheriff  Court-buildings,  Edinburgh. 
*Cuunington,  W.  Alfred.     13  The  Chase,  Olapham  Common,  S.W. 

1892.  ■Carrie,  James,  jun.,  M.A.,  F.R.S.E.     I^rkfield,   Golden    Acre, 

Edinburgh. 
.884.  JCumer,  John  McNab.    Newport,  Vermont,  U.S.A. 
.898.  jOurtis,  John.    1  Ohristchuroh-road,  Clifton,  Bristol. 
.878.  jOurtiB,  William.    Oaiamors,  Sutton,  Co.  Dublin. 
""'.  ICushing,  Prank  Hamilton.     Washington,  U.S.A. 
I.  fOoahing,  Mrs.  M.     Croydon,  Burrey. 

.  fCushing,  Thomas,  F.R.A.S.    IndiA  Store  Depdt,  Belvedere-road, 
Lambeth,  S.W. 

1889.  tl>a^<"'<  John  H.,  F.I.C.    Victoria  Villa,  Lome-street,  Fairfield, 

Liverpool. 
.864.  tDaglisb,  Robert.    Orrell  Cottage,  near  Wtgan. 
883.  JDahne,  F.  W.,  Consul  of  the  Oerman  Empire.    18  Somerset-place, 

Swansea. 
.898.  jDalbj,  Prof.  W.  E.    6  Ooleridge-road,  Croocb  End,  N. 
880.  'Dale,  Miss  Elinabeth.    2  Trumpisglon  Street,  Cambridge. 
863.  {Dale,  J.  B.     Snuth  Shields. 
867.  JDalgleish,  W.    Dundee. 

870,  IDALLraeiB,  llev.  W,  11.,  D.l).,  LL.D.,  F.R.S.,  F.L.S.    Inglesido, 
Newstead-road,  Leo,  S.E. 

Dalton,  Edward,  LL.D.     Dunkirk  House,  Nailsworth. 

1862.  JDAiTBr,  T.  W.,  M.A..  F.G.S.    The  Crouch,  Seaford,  Sussex. 

.876.  SDansken,  John,  F.R  A.S.     2  Hillode  Gardens,  Partickhill,  GUe^ow. 
$Dansou,  F.  C.     Liverpool    and    London  Ohambors,  Dale-street, 
Liverpool. 

:848.  'Danson,  Joseph,  F.C.S.    Montreal,  Canada. 

1894.  JDarbisbire,  B.  V.,  M.A.,  P.R.G.S.     1  Savile-row,  W. 

.897.  IDaibishire,  C.  W.     Ehn  Lodge,  Ehn-row,  Hamptead,  N.W. 

""•.iSDarbishire,  F.  V.,  Ph.D.    Hopefield,  Denisou  Road,  Victoria  Park, 
Manchester. 
,  'Dabbishiee,  Roeebt  Dttxuivibu),  B.A.    26  George-street,  Man- 
chester. 

8»6.  tDarbishira,  W.  A.      Penybryn,  Carnarvon,  North  Wales. 

.899.  'Darwin,  ErHsmus,     The  Orchara,  Hnntingdon-road,  Cambridge. 

.882.  JDaewht,  Fsaitoib,  MA.,  M.B.,  F.R.S.,  F.L.S.     Wjchfield,  Hun. 
tingdon-road,  Cambridge. 


n,gti7cdT:G00glc 


LIST  OF  MEMBERS, 


'Dabwht,  QsoksbHdwus, M.A.,  LL.D.,  F.R.S.,  F.R. A,S^ Flnmiu 
Profsasor  of  Aftronomy  and  Ezpemnental  Philosophy  in  the 
Univenity  of  Ofunbridge.    Newnhsm  Gnngs,  Oambrioge. 

'Dasvih,  HoR&OB.    The  Orchard,  UuDtioKdon-ToAd,  CBmbidKB. 

,894.  'Dahwik,  Major  Lbowabd,  Hon.  Sec.  RG.S.  12  EgBrton-pl»ce, BoBth 

Kenaington,  S.W. 
.882.  :tBunriu,  W.  £.,  M.A.,  F.G.S.    Bueett,  Santh&mpton. 
.888.  paubeny,  William  M.    11  St.  Juuea'a-Bquare,  Bath. 
.872.  tBavenport,  John  T.    64  Mariue-puade,  EMghton. 
■"■"  •Davxt,    HBBsr,    M.ljwt.O.E.,   F.G.S.      8  Princs'»*treet,  Wert- 

miiuteT,  S.W, 

,898.  SD»Tey,  WiUiam  John.    6  WateMtreet,  Li»Brpool. 
884.  tD^Tid,  A.  J.,  B.A.,  LL.B.    4  Hatcourt-buildinga,  Temple,  E.O. 
.870.  JDAridBon,  Alexander,  M.D.    2  Qambier-temce,  Liveroool. 
.886.  tDftvidaon,  Charles  B.    Boundhav,  Foothill-road,  Aberdeen. 
.891.  tDavies,  Andrew,  M.D.     Cefti  Pare,  Newport,  Mounoathshire. 
.870.  IDaviee,  Edward,  F.C.S.    Koyal  Inatitution,  Liverpool 
—    'Dayies,  H.  Bees,     Trebortli,  Bangor,  North  Wales. 

'Davias,  Thomaa  Witberfurce,  F.G.S.     41  Park-place,  Cardiff. 

*Dayie8,  Bav.  T.  Witton,  B.A.,  Ph.D.    Bapdat  College,  Bangor. 

{Daries,  Wm.  Howell,  J.F.    Down  House,  Stoke  Kshop,  Brtatol. 
.887.  ;DaTioa-CoIley,  T.  0.    Hopedene,  Eersal,  Mancheater. 

'DaYis,  Alfted.    37  Ladbroke  Grove,  W. 

•Davis,  A.  S.     St.  Geoive'B  School,  Roundhay,  near  Leeda. 
.864,  tDi.TiB,  OBiXLBB  E.,  F.S.A.    65  Pulteney-street,  Bath. 
"""    JDavis,  Henry  C.     Berry  Pomeror,  Spring&eld-road,  Brighton. 

■Davis,  John  Henry  Giant.     Balcombe  Road,  Haywud'a  Heath, 

'Davia,  Rev.  Rudolf.    Hopefield,  ETeehain. 

[691.  ti>am,  W.    48  RieAmtmd-road,  Cardiff. 
l886.  JDavia,  W.  H.    Haieldean,  Pershoro-road,  Krmjngham, 
.886.  IDatisoit,  Chaslbs,  D.Sc,     16  Hanor-road,  Birmingham. 
864.  *D»vison,  Richard,    Beverley-road,  Great  Driffield,  Yorkahin. 
.867.  IDavt,  E.  W.,  M.D.    Eimmage  Lodge,  Roundtown,  Dublin. 
iSeg.  |Daw,  John.    Mount  Radford,  Exeter. 

1869.  JDaw,  R,  K.  M.    Bedford-circus,  E»ter. 

1860.  *DaweB,  John  T.     The  Lilacs,  Prestatyn,  North  Wales. 

1864.  JDawkdib,  W.  Botd,  D.Sc,  F.RS,,  F.8.A.,  F.G.S.,  Profwor  of 
Geology  and  Paleontolcsy  in  the  Victoria  University,  Owens 
College,  Manchester.    Woodhurst,  Fallowfield,  Manchester. 

,886.  jDaweon,  Bernard,     The  Laurels,  Malvern  Link. 

i891.  JDawson,  Edward.    2  Windsor-place,  Cardiff. 

.897.55DAWsoir,  O.  M.,  O.M.G.,  LLD.,  F.R.S.,  Orector  of  the  Oeoloftical 
Survey  of  Canada.     Ottawa,  Canada. 
•Dawson,  Lieut.-Colonel  H.  P.,  R,  A.   Hartlington,  Bumaall,  SkiptOD. 

.884.  tDawBon,  Samuel.     268  UniverMty-street,  Montreal,  Canada. 

.869.  *Daw8on,  Captain  William  G.    The  Links,  PlomsteadCommoti,  Kent. 

1S92.  IDay,  T.  C,  F.O.S.    36  H'dlside-crescent,  Edinburgfa. 

1870.  'DSAOOir,  Q.  F.,  M.Inst.C.E.    19  Warwick-equare,  aW. 
1900.  SDeacon,  M.    Whittington  House,  near  Chesterfi«ld. 

887.  {DeakiD,  H.  T.    Egremont  House,  Bebnont,  near  Bolton. 
~"    tDeaa,  Henir.    Oolne,  Jjancaehiie. 

•Debenham,  Frank,  F.S.S.    1  Rtajohn'».avenue,  N.W. 
866.  tI>KBFs,  Hbhtsicb,  Ph.D.,  F.R.S.,  F.G.S.    4  Schlsagenweg,  Oaaael, 

1S84.  t]>«cl[>  Arthur,  F.O.S.    9  Ein^s-parade,  Cambridge. 
'898.  JDeeley,  R.  M.    88  Chamwotrf-atreet,  Derby. 


,  V,  Google 


LIST  OF  MEMBERS. 


1878.  JDslBiir,  Bev.  WUlum.    St  Stanislaiu  OoU^,  Tnlkmon. 
1684.  *I)e  Lanne,  C.  De  L.  F.    Sh&rsted  Oomt,  Sittingboonie. 
1870.  XDe  Meschin,   Thomat,  B.A.,  LL.D.    2  Dr.  Johntm'i  Bvildmgt, 
Templt,  E.C. 

1886.  {Dempster,  John,    Tynron,  Noctoram,  Birkenhead. 
1889.  iBendy,  Frederick  Wftlter.    3  Mudale-perade,  Gsteahead. 

1897.  JDenieon,  F.  N&pier.    Meteorological  Office,  Victoria,  B.O,,  Canada. 
1896.  tDenieon,  Mita  Louisa  E.     16  CheBham-place,  S.W. 
1889.  SDktnt,  Axpbbd,  F.L.S.,  Frofeasoi  of  Biologv  ia  UniveintT  College, 
.  Sheffield. 
Dent,  William  YerbaTy.    5  CaithneBe-road,  'Btodk  Oieen,  W. 
1874.  XDs  RuoB,  Orasiah  £.,  F.G.S.    33  Carahalton  Road,  Blackpool 
1896.  JDiSKflT,  The  Right  Hon.  the  Earl  of,  G.C3.    Knowaley,  Prwicot, 

Lancashiie. 
1874.  'Derham,  Walter,  MA.,  LL.M.,  F.G.S.    78  Laocasteisgate,  W. 
1894.  •DeTerell,  F.  H.    7  Grote's-place,  Blackheath,  S.E. 
■  1899.  tDKTo»aHiB»,  The  Duke  of,  K.G..  D.C.L.,  F.R.8.  78  Piccadilly,  W. 
1899.S$DeiraT,  A.  Redcote.    fiedcote,  Leven,  Fife. 

1868.  tDK*iB,  Jamm,  M,A.,  LL.D.,  F.R.S.,  F.R.S.E.,  V.P.O.S.,  Fullerian 

Frofesaor  of  Chemiatry  in  the  Royal  Institution,  London,  and 
Jacksonian  Profeeaor  of  Natural  and  Fxperimental  Philosophy 
in  the  University  of  Cambridge.     1  Scroope-terrace,  Cam- 

1881.  IDewBT,  lira.    1  Scroope-terrace,  Cambridge. 

1888,  tl>ewar,  Jamea,  M.D.,  F.E.O.S.E.    DtylawHon»e,D»TidBon'aMuns, 

MidJothian,  N.B. 
1884^  'Dewar,  William,  H.A.    Horton  House,  Rugby. 

1872.  tDawick,  Rev.  E,  S.,  MA.,  F.G.S.    26  Oiford-square,  W. 

1887.  IDa  Wdttoit,  Major-General  Sir  F.,  G.C.M.G.,  C3.,  D.O.L.,  LL.D., 

F.R.G.S.     United  Service  Clnb,  PaU  Mall,  S.W. 
1884.  JDe  Wolf,  0.  C,  M.D.    Chicago,  U.S.A. 

1873.  ■Diw-SmiH,  A.  O.,  M.A.    Chesterton  Hall,  Oombridge. 
1896.  JiyHemry,  P.     136  PrinceVroad,  Liverpool. 

1807.  tBiok,  D.  B.     Toronto,  Canada. 

1869.  tDickinsou,  A.  H.     The  Wood,  Maybnry,  Surrey. 

1863.  ^Dickinson,  O.  T.    LUy-avenue,  Jesmond,  NewcaBtle-upon-.Tyne. 
1887.  IDickiiison,  Joseph,  F.G.S.    South  Bank,  Pendleton. 

1884.  llHckBOD,  Oharlea  K.,  MD.    Wolfe  Island,  Ontario,  Canada. 
1881.  JDickson,  Edmund,  M.A.,  F.G.S.    2  Starkie-atreet,  Preaton. 

1887.  SDiCKBow,  H.  N.,  B.Sc.,  F.R.S.E.,  F.B.G.S.    2  St.  Ma^aretVioad, 

Oiforf. 

1885.  JDickson,  Patrick.    Lanrencekiik,  Aberdeen. 
1883.  XDkktm,  T.  A.     West  Clif,  Prttton. 

1863.  'DiLKB,  The  Bight  Hon.  Sir  CHiRLBs  Wbmtwouih,  Bart,  MJ>., 

F.R.G.8.     76  Sloane-etreet,  S.W. 
1877.  tl^on.  James,  M.InstC  J:.     36  Daweon-street,  Dublin. 
1869.  JDingle,  Edwaid.     19  King-street,  Tavistock. 
1900.  $DivEBS,  Dr.  Bdwabs,  F.R.S.    9  Rugby  Mansions,  Kensington,  W. 
1898.  'Dii,  John  William  S.    Hampton  Lodge,  Durdhom  Park,  Olifton, 

Bristol 
1899  'DizoH,  A.  C,  D.Sc.,  Professor  of  Mathamatica  in  Queen's  Coll^, 

Galwar. 
1874,  *Dixo:!r,  A.  £.,  M.D.,  Profeeaor  of  ChemistiTin  Queen's  Collude,  Cork, 

Montone  Villa,  Sunday's  WeU,  Cork. 
1900.  JDixon,  A,  Francis,  D.Sc.,    Profeeaor  of  Anatomy  in  UniTermtv 

College,  Cardiff. 

1888.  tDixoB,  Miss  £.    2  Clifi^terrace,  Kendal. 


n,g  -ccT'GoOgIc 


LIST  OF  MEMBERS. 


688   SiHxoD,  Edward  T.    MeHi*.  Lloyds,  Bftmette,  &  Bownqnatf  Buk, 
54  St.  JkmM'B-stTeet,8.W. 

„„™    •Dison,  George,  MA.     St.  Bees,  Cumberland. 

.879.  •Diioir,  Habold  B,,  M.A.,  F.B.S.,  F.O.S.,  Profa««tw  of  ChamutiT  in 

the  OneDS  College,  Manchester. 
1886.  iDiiOD,  John  Henrr.     Inveran,  Poolewe,  Boaa-ahire,  N.B. 
""1  SDiion-Nuttali,  F.  R.     Ingleholme,  Eccleetone  Park,  Preaoot. 

''.  J rfixon,  Thomas.     Buttershaw,  near  Bradford,  Torkaliiw). 
oou   IDoak,  Rev.  A.     15  QueenVroad,  Aberdeen. 

890.  JDobbie,  James  J.,  D.Sc.    rnvTsrsity  College,  Bangor,  North  Wales. 
886    (Dobbin,  Leonard,  Ph.D.     The  Univoraity,  Minbuwh. 
860.  'Dobbe,  Archibald  Edward,  M.A.    Hartley  Manor,  Longfield,  Kmt. 
897.  lUoberck,  William.     The  Observatory,  Hong  Kong. 
' ""    IDobie,  AV.  Fraser,     47  Grange-road,  Edinbu^b. 
JDobMr,  O.     Alkali  and  Ammonia  Works,  Cardiff. 
iDobson,  W.  E.,  J.P.    LeGton-road,  The  Park,  Nottingham. 
•Docwra,  George.     IH  Clarence  Street,  Gloucfislar. 
o,v    'DoddtJohn.     Nunthorpe-avenue,  York. 
876.  tDodda,  J.  M.     St,  Peter'a  Collie,  Cambridge. 
"""    IDodge.  lUcbard  E.    Teachers'  CoUege,  Columbia  Umveratty,  New 

York,  U.S.A. 

889.  JDodson,  Geoi^e.  B,A.    Downing  Collejre,  Cambridge, 
808    JDole,  James.    Bedland  House,  Bristol. 
--"    tDonald,  Charles  W.     Kinsgnrth,  Braid-road,  Edinburgb. 

JDonaldson,  Jamea,  M.A.,  LL.D.,  T.R.S.E.,  Senior    PrineipJ  of 
the  Universitv  of  St.  Andrews,  NJ). 
cw.  tDonirthirrpe,G.  T.'    St.  David's  Hill,  Eieter. 
877    •DoHxiH,  Bbiab,  M.Inst.C.E.    The  Mount,  W  raj  Park,  R«igate. 

889.  JDonkin,  R.  S.,  M.P.     Campville,  North  Shields. 

iSf)6    tDonnan,  F.  E.     Ardenmore-terraee,  Holywood,  Ireland. 

86l'  JDonnelly,  Maior-Geiieral  Sir  J.  F.  D.,  R.E.,  K.C.B.     68  Onrfow- 

gardent.,  S.W. 
ooi    IDorrington,  John  F^lward.     Lypiatt  Park,  Strond. 
867   IDouRafl,  Andrew  Mfutland,R.N.    Scotscraig,  Tayport,  PifiMhiM. 
863    'Doughty,  Charleit  Montagu.     Illawara  House,  Tunhridge  Wella. 
884.  JDouglasB,  William  AleTander.    Freehold  Loan  and  SaTinga  Com- 
pany, Ohurch-fltreet,  Toronto,  Canada. 

890.  JDovaeton,  John.    West  Felton,  Oaweatry. 

883,  tDove,  Arthur.    Crown  Cottage,  York. 

884  JDote,  Mine  Frances.  St.  Leonard's,  St.  Andrew!,  NM. 
870!  IDowie,  Mrs,  Mujr.     Oolland,  by  Einroee,  N.R 

884.  •Dowling,  D.  J,     Bromley,  Kent.  

866   'Dowaon,  E,  Theodore,  F.R,M-S.     Qeldeston,  near  Beocles,  Snfelk. 
1881.  'DowBon,  J.  Emerson,  M.lnst-O.E.     91  Cheyne-walk,  S.W. 

1887  IDoxey,  R.  A.  Slade  House,  LeTenahulme,  Slanchestar, 
894*  IDoyne  R.  W,,  F,R,O.S.  aS  Beaumont-street,  Oxford. 
"'-"'  iDraner,  William.     De  Grev  House,  St.  Leonard's,  York, 

•Dreghom,  David,  J,P.    188  Nethersdale  Drive,  PollokiliieHe,  Gl«a- 

ov«  tDRE8BBii,'nBMBT  E.,  F.Z,S.    110  CaDDon-Btieet,  B.C. 

890  IDrBW  John.     12  Harringay-park,  Crouch  End,  Uiddlewx,  N. 

'      '  jDreyer,  John  L,  E.,  M.A..,  Ph.D.,  F.R.A.S.     The  ObBarvatory, 

Armagh. 

893  cDkticb,  CCLABineB.  M.A.,F.L,S.    118  High-etreet,  Oxford. 

L889  tDrummond,  Dr,     6  Saville-place,  Nowcartla-upon-TSrne. 

1897'  iDrynan,  Misa.    Northwold,  Queens  Paa*,  Toronto,  Caokda. 

892  JDu  BoU,  Dr.  H.    Mittelfltraase,  89,  Berlin. 


,  V,  Google 


LIST  OF  MEMBERS. 


1666.  *DnaiB,  The  lUght.  Hon.  Hbnbt  Jobii  Rbifouib  Mokbiov,  £u1 

of,  F,R.S.,  F.G.S.    18  Portman-aquare,  "W. ;  and  Tortworth 

Court,  Falfield,  Qlouceatershire. 
1870.  tDuckworth,  Heuiry,  F.L.8.,  F.G.S.  ChriBtchurch  Vicmrage,  Chester. 
1900.  'Duckworth,  W.  L.  H.    Jeeaa  College,  Cambridge. 
1695.  ■Duddall,  WiUum.     47  Haos-place,  S.W. 
18p7.  "Dnw,  The  Right  Hon.  Sir  MomrtsTUAKT  Elphishtohj  Qribt^, 

G.C.S.1,  F.R.S.,  F.B.G.S.    11  Chelae».^iml»nkm8nt,  S.W. 
18GS.  IDuFFEKni  AND  Ata,  The  Moat  Hod.  the  Marquis  o£  K.F.,  G.O.R, 

G.a.M.Q.,  G.O.8.I.,  D.O.L.,  LL.D.,  F.R.S.,  F.H.G.S.    Claude^ 

hoye,  near  Belfast,  Irelaod. 
1877.  tDuflay,  George  F.,  M.D,    30  Htzwilliam-plaoe,  BuWin. 
1875.  tDufSn,  W.  E.  L'Estranaa.    Waterford. 

1890.  JDuftoD,  8.  F.     Trinity  College,  Cambridge, 
1684.  {Dugdale,  James  H.     9  Rjde  Park-gardenB,  W. 
1883.  IDuke,  Frederic     Conservative  Club,  Hastings. 

1892.  tDulier,  Gobnel  E.,  C.B.    27  Sloane^ardens,  S.W. 
1866.  *Ihmcaa,  James.    9  Miucing-lane,  F.C. 

1891.  'DuDcan,  John,  J.P.    'South  Wales  Daily  News'  Office,  Cardiff. 

1880.  ^Duaeim,  Wiliiam  S.     143  Qutm'i-rood,  Sayewater,  W. 
1896.  JDuncanson,  Thomas,     16  Deane-road,  Liverpool. 

1881.  JDuncombB,  The  Hon.  Cecil,  F.G.8.     Nawton  Grange,  York. 

189S.  'Diinell,  George  Robert,  7  Spencei^road,  Qrova  J^k,  Chiswick, 
Middlesex. 

1883.  tDimham,  Miss  Helen  Bliss.  Messra.  Morton,  Rose,  &  Co.,  Bartholo- 
mew HoQse,  E.O. 

1886.  'DnirxBBLBT,  S.,  M.Sc,,  Profenor  of  Applied  Mechanics  in  the  Royal 

Naval  Collegs,  Greenwich,  S.E. 
1866.  tDuun,  David.    Annet  House,  Skelmorlie,  by  Greenock,  N.B. 
1883.  }Dunn,    J.    T.,   M.Sc.,   F.G.S,     Northern    Polytechnic    Institute 

HoUoway-road,  N. 

1883.  ]:1>unn,  Mrs.     Northern  Polytechnic  Institute,  HoUoway-road,  N. 
1676.  tDunoachie,  James.    3  Wast  Regent-street,  Olaogow. 

1676.  {Donne,  D.  B.,  M.A.,  Ph.D.,  Professor  of  Logic  in  the  Catholic  Uni< 
vermty  of  Ireland.    4  Olnnwilliam-place,  Dublin. 

1884.  SDonnington,  Prof.  F,  P.     University  of  Virginia,  Charlottesville, 

Virginia,  U.S.A. 
1869.  JDuns,  Rev.  John,  D.D.,  F.R.S.E.    New  OolleM,  Edinburgh. 

1893.  'DuDstan,  M.  J.  R.    Newcastle.inn:us,  Nottini^uun. 
1691.  JDunstan,  Mrs.    Newcastle-circus,  Nottingham. 

1865.  'DuifSTAH,  Wthdsam  B,,  M.A.,  F.R.S,,  SecCS.,  Director  of  the 

Scientific  Department  of  the  Imperial  Institute,  S.W. 
1869.  tD'Urhan,  W.  S.  M.,  F,L.S.     Newport  House,  near  Eieter. 
18d8.SSDuiiant,  R.  G.     Marlborough  College,  Wilts. 
1695.  'Dwerryhouse,  Arthur  R,     6  Oakfield-terrace,  Headingley,  Leeds. 

1887.  tDyaeam,  John  Sanford.     Guthbert  Strea,  W. 
1884  IDyck,  ProfesaOT  Walter,     The  University,  Munich. 

1886.  *DyeT,    Henry,    M.A.,    D,Sc,      6    High  burgh-terrace,     Dowanhill, 

Glasgow. 
1869.  'Dymond,  Edward  E.    Oaklands,  Aspley  Guise,  Bletchley. 
1886.  {%mond,Thos.8.,F.C.S.    County  Technical  Laboratory,  Chelmsford. 


1666.  XEtA%  ffir  Peter,  M.D.    Upper  St.  Giles's^tnet,  Norwich. 
1896.  ^Earle,  Hafdman  A.    29  Queen  AnneWal«,  Wutmiaater,  S.W, 
1677.  JEark,  Ven.  Archdeacon,  M.A.    West  Alvington,  De?oii, 


,  V,  Google 


33  LIST  OF  MEMBERS. 

Twrof 

1674.  JEasoii,  Ohules.     30  Kenilworth-aquiire,  B»th^,  DubUo. 

1899.  SEut,  W.  n.    Uuniciinl  School  of  An,  Science,  uid  Technalogy, 

1871.  'EuTOH,  Edwasd.    11  Delahaj-street,  Weatminater,  S.W. 

1863.  t^^toOf  JftDiM.    Nest  House,  near  Onteahesd,  Durlum. 

1676.  JEMtoD,  John.    Done  Iloiue,  Abercrombj-stroet,  Helenaburgb,  N.1X 

1883.  tEMtnood,  Mus.     Littleorer  Orange,  Derbj. 

1893.  'Ebbs,  Alfred  B.     Northumberlftod-aUey,  Fenchureh-street,  E.O. 

1884.  tEckerslev,  W.  T.     Stsndish  Hall,  Wi^n,  Lancsahire. 
1861.  JEcroyd,  William  Fairer.     Spring  Oottaf^,  near  Bumlej. 

1870.  •Eddison,  John  Edwin,  M.D.,  M.R.C.S.    The  Ix)dge,  AdH,  Leeds. 
1899.  lEddowea,  Alfred,  M.D.     ^8  Wimpole-atreet,  W. 

*Eddy,  James  Ray,  F.O.S.     The  Orange,  Carkton,  SHpton. 
1887.  JEde,  Francifl  J.,F.G.S.    Silchar,  Cachar,  India. 
1884.  *Edg^,  Rev.    R.    Arnold,    U.A.,  F.G.S.      The   Colle^    Houm, 
Leamington, 

1887.  iEiWHWOKTH,  F.  T.,  M.A.,  D.C.L.,  F.S.3.,  ProfesBor  of  Politdcil 

EeottomvintheUnivereitjof  Oxford.  All  Souls  Collie,  Oxford. 
1870.  'Edmonds,  F,  B.     6  Clement'B  Inn,  W.O, 

1883,  JEdmonda,  William.    Wiacombe  Park,  Colyton,  DeTon. 

1888.  'Edmunds,  Henry.     Antron,  71  Upper  Tulao-hill,  S.W. 

1884.  ■Edmunds,  James,  M.D.    36  Mancbester-squaie,  W. 

1883.  JEdmunda,  Lewis,  D.Sc.,LL.B.,F.a.S.  lOarden-conrt,  Temple,  E.C. 
1867.  'Edward,  Allan.     Faringlon  Hall,  Dundee. 

1899.  JEdwarda,  E.  J.    33  Newliud-terrace,  Queen'a-road,  Battersea,  S.W. 

1884.  tEdwarda,  W.  F.    Kiles,  Michigan,  U.S.A. 

1887.  'Eserton  of  Tatton,  The  Right  Hon.  Lord.    Tatton  Farb,  EDntafind. 

1896.  t^^kert,  Miw  Dorothea.     06  Upper  Parliament^treet,  LiTCTpooL 

1876.  JEldar,  Mrs.     6  Olaremont-terrace,  Olawow. 

1890.  JElford,  Percy.     St.  John's  College,  Oxford. 

1885.  •ELaAB.FRiNciB,  LL.I>.,F.R.S.,F.R.S.E.,M.lnrt.C,E.   HSOmuioih 

Htreet.  E.O. 
1883.  {Ellington,  Edward  Bayxand,  M.Inst.C.E.  Palace-chambers,  Bridge* 
street,  Weatminster,  S.W, 

1891.  JElliott,  A.  0.,D,Sc.,  Professor  of  Engineering  in  Unireraty  College, 

Cardiff,     2  Plasturton-avenue,  Cardiff, 

1883.  'Elliott,    Edwis    BaiLirt,   M.A.,    F.RS.,    F.RA.S.,   Waynflete 

Professor  of  Pure  Mathematics  in  tbe  Universi^  of  Oxford. 
4  BsrdweU-road,  Oxford. 
Elliott,  John  Fogg.    Elvet  HUl,  DurhMn. 

1866.  JEiiiOT,   Thokab    Hbnky,    C.B.,  F.S.S.    Board  of  Agriculture, 

4  Wbiteball-place,  S.W. 

1898.  t-^K»D((,  W.  J.     14  Buekiru/Aam  Place,  Clifton,  Brutal. 

1877.  XEllU,  Arthur  Devmuhire.     T/nirtueoe.  Sail,  JtotAerham,  Torktkirr. 
1876.  'Ellis,  H.  D.     IS  Gloucest«i^tsrraee,  Hyde  Park,  W. 

1880.  'Ellib,  Joer  Hehkt.     Woodhaye,  Ivy  Bridge,  Devon, 
1891.  SEllis,  Miae  H.  A.    11  Canterbun-road,  Oxford. 

1884.  lEllis,  Professor  W.  Hodgson,  M.A,,  M.B.    74  St.  Albaa'»«tnet, 

Toronto,  Canada. 
1869.  %EUu,  WtiSam  SorCim.     Bartmlt  Saute,  Bxtttr. 

EUman,  Bev,  E.  B.    Berwick  Bectory,  near  Lewea,  SoMex. 

1867.  tElmy,  Ben.    Coiigleton,  Cheshire. 

1863,  tElpbinatone,  Sir  H.  W.,  BarL,  M.A.,  F.L.S.    3  Stone-boildinga, 
Uncoln's  Inn,  W.C. 

1899.  'Elvery,  Miss  Amelia.    The  Cedars,  Maiaon  Dien-road,  Dover, 

1897.  {Elvety,  Mrs.  Eliiabetb.    The  Cedars,  Mabon  Dieu^road,  Dorw, 
1883.  fElwee,  Captain  Oeorge  Robert.    Boasington,  Bonmanoatli, 


.  ,,  Google 


UST  OF  MEMBERS. 


1887.  SElwoetht,  Fsxdxkicx  T,    Foidown,  Wdlington,  Someraet. 
1870.  *Eli,  The  Bight  Rev.  Lord  Alwihb  Cokfioit,  J>.D.,  Lord  Buhop 

of.    The  Palace,  £lj,  Cambridgeiihue, 
1897.§SEIf,  Bobert  E.     744  Massachuaetta-ftveDue,  Cambridge,  Haas»- 

chuaette,  U.aA. 
1891.  t^nierhni,  Wolsdej,  D.C.L.    BanweU  Caatle,  Someraet. 
1884.  J£mer7,  Albert  H.    StsEnford,  Gomiecticut,  U.S.A. 
1863.  t£!>uei7,  Tlia  Van.  Archdeacon,  RD.    Ely,  Oambridgeahue. 
1680.  XMmiley,  Alderman   W.     Bickmond  Some,  Bickmmid-road,  Sead- 

ingley,  Leedt. 
1894.  }Emtage,  W.  T.  A.    Univeraity  College,  Nottingham. 

1866,  tEu6eU,  Kebard.    Low  PaTement,  Nottiiwham. 
1684.  tEngland,  Luther  M.    EnowltoD,  Qnebec,  Canada. 

1863.  t^iiK^is^i  ^>  Wilhini.    Yorkshire  Baoldiig  Company,  Lowgate,  Hull. 

1868.  tEntwigtle,  Jamea  F.     Beachfield,  2  WeBt«hSe-rosd,  Southport. 

1869.  *EnyB,  John  Davis.    Enys,  Peniyn,  Comwall. 
1894.  tE'Hl''Qe-!Uurray,  James.    CallaJider,  Scotland. 

1862.  *Ea8oii,  William,  M.A.,  F.R.S.,  F.R.A.S.,  SavUian  Profeesor  of 
Qeometry  in  the  University  of  Oxford.  13  Bradmore-road, 
Oxford. 

1876.  {Fstcoort,  Charles.    8  St,  JanWs-equare,  Jobn  Dalton-etreet,  Man- 

1687.  'Estcourt,  Charles.  Hayealaigh,  Montague-road,  Old  Trafford,  Man- 
cheater. 

1867.  'Estcourt,  P.  A.,  F.C.S.,F.LO.    Seymour  House,  Seymour  Street, 

Manchuter. 
1S69.  tEiHXKnMB,  R.,  F.R.S.,  FJCS.E.,  F.a.S.    14  Oarlyle-square,  S,W. 

1888.  lEtheridge,  Mrs.     14  Cariyle-square,  S.W. 

1883.  iEunBon,Henry  J.,F.G,S.,Asfloc.M.InM;.C.E.  ViiiaDt^ram,  Hadraa. 
1881.  tEvans,  Alfred,  M.A.,  M.R    Pontypridd. 

1889.  *EviNS,  A.  H.,  M.A.    0  Harvej-H)ad,  Cambridge. 

1687.  •Evans,  Mr*.   Alfred  W.  A.      Lyn^urst,    Upper  Ohorlton-road, 

Whaltey  Range,  Mencbeeter, 
1870,  •Etahb,  Abthur  Johit,  M.A.,  F,8.A.    TouJbury,  Abingdon. 
1866.  *£taicb,  Rev.  Csakleb,  M.A.     41  Loncaatei^ate,  W. 
1896.S$Evans,  Edward,  jun.    Spital  Old  Hall, Bromborourb, Cbesbiro. 
1681.  lEvans,  Franklen.    Llwynarthen,  Castletoni  Cardifl. 
1889.  tEvans,  Henry  Jones,    Greenhill,  Wbitchurch,  Carfiff. 
1883,  *ET«ns,  James  0.     176  Lord-street,  Southport, 
1888.  'Evans,  Mrs.  James  C.     176  Lord-street,  Southport. 
1861.  •EvASB,  Sir  JoKN,  K.C.B.,  D.C.L.,  LL.D.,  D.Sc.,  F.aS.,  F.S.A., 

F.L.S.,  F.G.S.     Nash  Mills,  Hemel  Hempstead. 
1807.  *Evans,  Lady.    Nash  Mills,  Hemel  HempBtead. 
1898.  JEvana,  Jonathan  L.    4  littield-place,  Clifton,  Bristol, 
1881.  tEvans,  Lewis.    Llaafymacb,  R.S.O.,  PembTokeshite. 
188C.  *EvMiB,  Percy  Bagnall.    Th«  Spring,  Eenilwortb. 
1866.  JEvARB,  Sbbabtiah,  M.A.,  LL.D.    15  Waterloo-crescent,  Dover. 
ISOO.fJEvans,  Mrs.    16  Waterloo-crescent,  Dover. 
1876.  \Eoans,  Sparke.     3  Aptley-road,  Cliftim,  Srietol. 
1866.  'Evans,  William.    The  Spring,  Kenilworti. 
1891.  tEvaw,  William  LUuxliiiu     GmldhaU-cAambere,  Cardiff. 
1891.  tEvan-Thomas,  C.  J.P.    The  GnoU,  Neath,  Olamo^anahire. 
1886,  tEve,  A.  S.    Marlborough  College,  Wilts. 
1871,  tEvB,  H.  Weston,  M.A.    87  Gordon  Square,  W.C. 
1868.  •Etbebtf,  J,  D,,  M.A.,  D.C.L,,  F.E.9.,  F.E.S,E.    11  Leopold  Road, 

Ealintr,  W. 
1895.  tEverett,  W.  H.,  B.A.    University  CoUege,  Nottingham. 
1900.  0 


,  V,  Google 


LIST  OF  MBTireTitta 


1863.  *£*«ritt,aeoisoAUeQ,F.R.G.9.    Knowle  Hall,  Warwiokahiie. 
1886.  jEfsritt,  Wilham  E.    FiBstaU  Paik,  BromagroTe. 

1883,  jKveB,  Miss  Floreuca.     Uxbridge. 

1881.  tBwAST,  J.  CoBSAB,  M.D.,F.K.S.,  Frofeuor  of  NatunI  Hutai7  » 

the  UnivBrflity  of  Edinliurgpii. 
1874.  tEwAKT,  Sb  W.  QciBTUB,  B»rt.     GleumochAQ,  Belfast 

1876.  'Ewnic,  Jam»  Alprto,  M.A,.,  B.Sc.,  F.R.H.,  F.E.S.E.,  M.Iiml 

C.E.,  PtotenoT  of  Mechuusm  and  Applied  Mecbanica  ia  tlia 
UiUTeraity  of  Cambridge.     Langdale  Lodfra,  Cambridge. 
18t«3.  JEwiug,  James  L.    62  No rtb  Biid^,  Edinburgh. 

1884.  'Eyermao,  John,  F.Z.S.    Oakhurst,  EastoD,  PemiBTlTaiiia,  U.S.A, 

1882.  tEyre,  Q.  E.  Ikiacoe.    Wamns,  near  Lyndhuiat,  Hanta. 

Eyton,  Cbariea.    Uendred  House,  .Alungdoii. 

1890.  JFabbb,  EninnTD  Bkzir.     Straylea,  HaROgata. 
1896.  $Fuibrother,  Tbomaa.     46  Lethbridg»-n>ad,  Soudiport. 
1866.  'Faiklei,  TaoKAB,  F.R.S  j;.,  F.G.S.    8  Newbm^p«Te,  iMda. 
1886.  XFairkv,  William.     Brau  Dettrt,  Jbiffeiq/,  Stofordtlare, 

1896.  SFalk,  Uerman  John,  M.A.     Thorshill,  West  Kiiby,  LlTerpooL 

1883.  IFo^ton,  Sei:  W.  S.     0  St.  J«mei'»-iquarf,  Cii^tmiav*. 

1808.  f  Faraday,  Miss  Ethel  R.,  M..\.     Bamsay  Lodge,  Lerendinlme,  ne&r 
Manidieet^r. 

1877.  fl^ARAOAZ,  F.  J.,  F.L.^,  F.S.S.     College-chambeoB,  17  Bnzenooft- 

■traet^  Maucheitar. 

1891.  tFardi,  G.     Penartk. 

1892.  'Fabnbb,  J.  BKirrLAXD,  M.A.,  F.B.S.,  F.L.S.,  Frofeeaor  of  Botaa^, 

Royal  College  of  Science,  Exhibition-road,  S.W. 
1886.  tFarneombe,  Joseph,  J.P.    Saltwood,  Speucer-road,  Eaatbonme. 

1897.  •Famworth,  Ernest.    Roislyn,  Goldthom  Hill,  Wolverhampton. 
1807.  'Farnwortb,  Mrs.  Eraest.    KoHalyn.GoldthornHill,  WolTeikamptaw. 
1883.  IFainworth,  Walter.     86  Preston  New-road,  Ksckbnm. 

1883.  tFamworth,  William.     80  Preston  New-road,  Blackbnni. 
I88£.  ]:FaTqulLar,  AdDural.    Carlo^e,  Aberdeen. 

1886.  JFaruukabsox,  Colonel  Sir  J.,  K.C.B.,  R.E.    Conachee,  Tarlaod, 

Aberdeen. 
18-30.   tFarquharson,  Robert  F.  O.     Ilaughton,  Aberdeen. 
1685.  'Farquliarsoii,  Mrs.  It.  F.  O.     Uaagklon,  Aberdeen. 
1866.  •Fakrab,  ThH  Very  B«t,  Fksdbbic  Wiluax,  D.D,,  F.B.S.    n* 

l>eanery,  Canterburr. 
1883.  tFarrell,  John  Arthur.    Movnal^,  Kell«,  North  Ireland. 
1897.  IFarthing,  Rev.  J.  C,  M.A.    The  Rectory,  Woodstock,  Ontaiio, 

Canada. 

1869.  'Faulding,  Joseph.     Bozley  House,  Tenterden,  Kent. 
1883.  IFauldinfT,  Mrs.     Boxley  House,  Tenterden,  Kent 

1887.  ^FaulkuiT,  Joliii.     1^  Great  Ducie-street,  Strangewajs,  Maubester. 
1800.  'Fawcttt,  F.  1(.     Univursitv  Ccillefte,  BrUtoL 

1H0().  51-',\wrmr,  J.  E..  J.P.    Low  lioyd,  Appetlev  Bridfje.  Bradforf. 
l880.§U''alliin,  I^obert  W.,  M.U.^F.R.G.S.    (i  Crouch  Hall-road,  N. 

Fell,  John  B.     Spark's  Bridge,  Ulverstone,  lADcaahira. 
1000.  'Ftinnell,  W.  John.     Kilcoroon,  Stockman's  Lan«,  Bet&at. 
1883.  JFuQwick,  E.  H.     aO  Harley-street,  W. 
1890.  JKfnwick,  T.    Chapel  AUerton.  Leeds. 

1870.  IFi'rgusou,  Alesiuider  A.    11  Gros  venor> terrace,  Gl»^w. 
1883.  JFtirguaon,  Mrs.  .'\..  A.    1 1  Grosvenor-tarraee,  GImsow. 

1871.  'FBunrsos,  Joiis.  M.A..  LL.D.,  F.B.S.E.,  F.3.A., F.C&,  Profawor 

of  Cbeuiistrv  iu  ilic  Uuiveruty  of  Glaeguw.  • 


,  V,  Google 


LIST  OF  MEMBERS. 


1896.  'Vnfpnaoa,  John.    Colombo,  OotIod. 

1867.  ]:FergaBoii,BobeHM.,LL.D.,Pd.D.,F.R.S.E.  6  Leannonth-t«Tiace, 

EfAinharah. 
1883.  tFemald,  H.  P.    Clwencn  House,  Promenade,  Cheltenhwn. 
1883,  •Fnniie,  John.    Box  No.  '2,  HutchioBon,  Kansas,  U.S  A. 
1862.  JFbbbibb,  Rer.  Nobhah  Maclbod,  D.D.,  F.R.S.     Onus  College 

Lodge,  Cambridge. 
187S.  JFraaim,  Davib,  M.A.,  M.D.,  LL.D.,  F.R.3.,  Profeasor  of  Nenro- 

PfitboloR7  io  King's  OoUese,  London.   MCaveudish-squueiW. 
1882.  JFemer,  Robert  M.jB.Sc.    College  of  Science,  Newcaatle-upon-TTne. 

1897.  tFenier,  W.  F.    Geological  Survey,  Ottawa,  Canada. 
1897.$§FesMQdBn,    Reginald   A.,    ProfMsor  of    Electrical    En^neeriiig, 

University,  Alleghany,  PeDnaylTaaia,  U.S.A. 
1862.  {Fewings,  James,  B.A.,  B.Sc.    King  Ediraid  VI.  Qrammar  School, 
Soothampton. 

1867.  {Fiddes,  Thomas,  M.D.     Penvrood,  Urmston,  near  Manchester. 
1676.  tPlddea,  Waltr.    Clapton  Villa,  Tyndail's  Park,  Clifton,  Briatol. 

1868.  tField,  Edward.    Norwich. 

1897.S{Iileld,  George  Wilton,  Ph.D.     Experimental  Station,  KlngvtoD, 
Rhode  Island,  U.S.A. 

1886.  IFleld,  H.  0.    4  Oarpenter-road,  Edgbaston,  Binniiwfaam. 

1882.  tFilliter,  Freeland.    St.  Martin's  House,  Wareham,  Dorset. 

1883.  'Finch,  Gerard  B.,  M.A.     1  St.  Peter's-teTrace,  Cambridge. 
1878.  'Findlater,  Sir  WUlian).    23  Rtzwilliam-BC[iiare,  Dui^. 
1684.  ^PMay,  Samuel.     Montreal,  Canada. 

1887.  tRnnemore,  Rev.  J.,  M.  A.,  Ph.D.,  F.G.S.    88  Upper  HaaoveMtreat, 

Sheffield. 
1881.  JFirth,  Colonel  Sir  Charles.    Heckmondwike. 
1885.  SFish,  Frederick  J.    Spursholt,  Park-road,  Ipswich. 
1891.  IFisher,  Major  H.  O.     The  Highlands,  Lla  '       ' 

1884.  'Fisher,  L.  0.     Galveston,  Texas,  U.S.A. 


[pswich. 
iQough,  ni 


1891.  IFisher,  Major  H.  O.     The  Highlands,  Llandough,  near  Cardiff. 
"M.  •FiBher,L.O.     Galveston,  Texas,  U.S.A. 

IS.  tFisHBB,  Rev.  OsKons,    M.A.,    F.G.S.     Harlton  Rectory,    near 
Oambri^. 

1875.  'Fisher,  W.  W.,  M.A.,  F.C.S.    6  St  Me^aretVroad,  Oxford. 
1868.  tFWiwick,  Henry.    Oarr-hiU,  Rochdale. 

1887.  'Fiflon,  Alfred  H.,D.Sc.  25  Blenheim-gardens,  WillerienGroen.N.W. 

1886.  IFbou,  E.  Herbert.    Stoke  Houae,  Ipswich. 

1871.  'FiBOir,  FBKDBRKnc  W.,  M.A.,  M.P.,  F.C.S.    Oieenholine,  Builey-is* 

Wharfedale,  near  Leeds. 
1871.  tFnCH,  Sir  J.  G.,  M.A.,  LL.D.    Atheneum  Club,  S.W. 
1883.  tFitch,  Rev.  J.  J.     Iwholme,  Southport. 
1878.  tFit^i^irald,  C,  E.,  M.D.    27  Upper  Morrion^troet,  Dublin. 
1878.  5FitzUmrali>,  Gbomb  Fbakcib,  M.A.,  D.Sc.,  F.R.8.,  Professor  of 

Natural  and  Eiperimental  Philosophy  in  Trinity  College,  Dnblin. 
1885.  'RtiGerald,  Professor  Maurice,  B.A.     32  Eglaotine-avenue,  Belfaat. 
1894.  tFilatnaurice,  fil.,  M.InBtC.E.      Nile  Reservoir,  Assuan,  Egypt. 
1867.  IFitzpatrick,  Thomas,  M.D.     31  Lower  Bagot-street,  Dublin. 

1888.  'FrcCTiTMCK,  Rev.  Taovu  C.    Ciirist's  College,  Cambridge, 
1897.  tFlavelle,  J.  W.    685  Jarvis-street,  Toronto,  Canada. 

Itj81.  ^Fleming,  Rot.  Canon  J.,  B.D.    St.  Michael's  Vicangv,  Ebory 
square,  S.W. 

1876.  {Fleming,  James  Brown.    Beaconsfield,  Eelvinside,  OlaiRow. 
1870.  tFlemicg,  Sir  Sandford,  K.C.M.U,,  F.G.S.     Ottawa,  Canada. 

1887.  tFLEToBXB,  Ai.FEM>  E.,  F.C.S.    Delmore,  Caterham,  Surrey. 
1870.  JFletcher,  K  Edgington.    Norwich. 

1600.  IFletcher,  B.  Moriey.    7  VicloriMtfeet,  S.W. 

1892.  tFletcher,  George,  F.G.S.    tSO  Connaught-avenue,  Plymontb. 

o  a 

,  V,  Google 


86  LIST  OF  MEHBESS. 

Xauot 
SlHKlMI.  _ 

1868.  'FLBtOEXR,  LUABDB,  H.A.,  F.IL8.,  F.O.8.,  F.C.8.,  Keeper  of 
Hinetals,  British  Mnseiun  (Natiunl  Hutairy),  CromweU-ioad, 
8.W.    36  WoodTillB-road,  Ikling,  W. 

1860.  tFlover,  Ladj.     26  Stanhope-nnleiis,  S.W. 

1877.  'Floyer,  Ernert  A.     Green  Hill,  Woreerter. 

1880.  *Flox,  a.  W.,  M.A.,  Profeeaor  of  Political  Economv  in  the  Oweu 
Oolleppe,  Mauchestei. 

1687.  XFoaie,  Wiilum.     3  Mea^oot  Terrace,  Mdrtnamead,  PlifauiutA. 

1883.  X^'^'i^'''-  ^*"t<"«-    Z  Meadfoot  Terrace,  Mannamead,Fiym4>utk. 
1891.  tFoldvary,  WHiiam.    Muaeum  'Bing,  10,  Buda  Perth. 

1880.  IFoote,  E.  Bruce,  F.G.S.    Oaro  of  MeMra.  H.  S.  King  &  Co.,  65 

Oomhill,  E.O. 
1873.  •FoKBB^  GMIR81,  M.A.,  F.R,S.,  F.R,8.E.,  ILInBLCE.     34  Great 

Oe<»Ke-stTeet,8.W. 
1683.  {FoBBH,  HxNBT  0.,  LL.D.,  F.Z.S.,  Director  of  Mtueuma  for  the  Co^ 

poration  of  IJverpooL    The  Muoeum,  LiverpooL 
1887.  JForbM,  J.,  Q.C.    Haieldean,  Putnev-hill,  S.W. 

1886.  JForhes,  The  Right  Hon.  Lord.     O&BtleForbes,  Aherdeenshire. 
1800.  IFOKD,  J.  HiWIJirBOii.     Quarry  Dene,  Weetwood-lane,  Leeds. 
1676.  *FoKiiHAji,  H.  GxoKes.    Odsey,  Aahwell,  Baldock,  Hsrta. 
1804.  JFoirwt,  Frederick.    Eeechwood,  Oaatle  Hill,  Hasdnn. 

1887.  tFoESBBT,  The  llight  Hon.  Sir  Johk,  G.C.M.G.,  FlkG.S.,  F.G£. 

Perth,  Weetem  Anetralia. 
1863.  JFoBBTTH,  A.  R.,  M.A.,  D.Sc.,  F.R.8.,  Sadlerian  Profeewir  of  Pure 

Mathematici  in  the  TTniverHiCf  of  Oamhridge.    l^initj  College, 

Cambridge. 
1900.  SForsftfa,  D.    Central  Higher  Grade  School,  Leeds. 

1884.  tFort.GeorgeH.    Lakefield,  Ontario,  Canada, 

1877.  f  FoSTBSCUB,  The  lUght  Hon.  the  Earl.     Oaatle  Hill,  North  Deron. 

1885.  XForviard,  Jlenry.     10  ATonnf-awnue,  Southend. 

1886.  tFoBwoOD.Sir  WiujahB.J.F.    Bamleh, Blundellsands,  liverpool. 

1876.  JFoBter,  A.  Le  Neve.    51  Cadoffan-eqaare,  S.W. 

1866.  tFoBtec,  Sir  B.  Walter,  M.D.,  M.P.     16  Temple-row,  Birmingham. 

1866.  •F(»TKB,OtiimrrLxN»TB,RA.,D.Sc.,F.R.S.,F.Q.8.,P«>feaw>rof 

Mininf^  in  the  Rojal  College  of  Science,  London.    Llandudno. 
1883.  tFceter,  Mre.  C.  Le  Neve.    Llandudno. 

1867.  •FoeiBB,    Qboeob    Caksi,    B.A.,   F.R.S.,   V.P.0.8.      (GedekjU. 

Tbeabubhk.)      Lai^^nlk,  Rinkmaiisworth. 
1896.  tFoBter,  Mia  H^iiet.   Cunbridg«  Training  CoUege,  Wollaston-road, 
Camhridge. 

1877.  jFoster,  Joseph  B.    4  Cambridge-street,  Plymouth. 

1859.  *Fo8TEii,  Sir  Mich4kl,  K.C.B.,  M.P.,  M.A.,  M.D.,  LL.D.,  D.CX., 
Sec.R.S.,  F.L.S.,  Professor  of  Physiology  in  the  UniTenity 
of  Cambridge.    Great  Shelford,  Cambiidga. 

1863.  JFoRtor,  Robert.  The  Quarries,  Grainger  Park-road,  Newcastle- 
upon-Tyne. 

1886.  }Fowlie8,  F.    Hawkihead,  AmUeside. 

1866.  tFowler,  George,  M.Inat.C.£.,F.Q.S.  Baaford  Hall,  near  Nottingham. 

1868.  JFowler,  G.  G.     Gimton  Hall,  Lowestoft,  Suffolk. 

1892.  lFowler,Hiss  JeeaieA.  4£  GImperiaI-huildings,Ludgate-dtcua,E.C. 
18^3.  *Fdz,  Charles.    The  Chestnuts,  Warlingham,  Surrey. 
1883.  JFox,  Sir  Cuablbb  DoDaus,  M.Inst.O.E.    38  Victoria-street,  West- 
minster, S.W. 
1806.  {Fox,  Henry  J.    Bank's  Dale,  Bromborough,  near  LiverpooU 
1883,  IFox,  Howard,  F.G.S.    Rosehill,  Falmouth. 
1847.  'Fox,  Joseph  Hoyland.    The  Olive,  WelliMrton,  So; 
1900.  *FoK,  Thomas.    Pyleg  Thome  House,  Wellington, 


C.ooglc 


LIST  OF  UEHBERS. 


1681.  'FoxwsLL,  Ebsbibt  S.,  M.A.,  F.8.S.,  Professor  of  Folitioal  Economy 

in  UniTsinty  OoUege,  London.    St,  John's  Collwe,  O&mbridge. 
1889.  JI^Bin,  Joeeph,  M,D.     Grosyenor-pluce,  Jeamond,  NewcaaUe-npon- 

FHAiici8,WnjjAit,Ph.D.,F.L.S.,F.a.8.,F.BA.S.  Rodlion-ooMrt, 
Fleet^treet,  E.G. ;  and  Huior  House,  Iticlunotkl,  Snirer. 

1887.  "FBAjiKtinD,  Pbkcy  F.,  Ph.D.,  B.Sc,,  F.R.S.,  Profepeorof  dbomiatry 
in  the  Muon  College,  Binninghsni, 

18M.  JFranklin,  Mre.  E.  L.    BO  Porch eslar-terrace,  W. 

1896.  fFrftser,  Aleuuider.     63  Church-atreet,  InTemesa. 

1883,  'Fraser,  Alexuider,  M.B.     Professor  of  Anatomj  in  the  BoysJ 

College  of  Suq^ns,  Dublin. 
1886.  tFBABEB,   AirsVB,  M.A.,  M.D.,  F.O.S.    232  Union-street,    Aber- 

1666,  'Fkabxb,  Johx,  M.A.,  H.D.,  F.O.S.    Chapel  Ash,  WoWeriiamptoii, 
1671.  (Fkukb,  Thoiub  R.,  M,D.,  F.R.S.,  F.R.8.E.,  Professor  of  Bbteiu 

Medica  uid  Clinical  Medicine  in  the  UniTeruty  of  Edinburgh. 

13  Drumsheush-gardenB,  Edinburgh. 

1871,  JFrazer,  Erau  L.  R.    Brunswick-terrace,  Spring  Bank,  Hnll. 

1884.  ■Frftzer,  Persifor,  M.A.,  D.Sc.  (UdIt.  do  France).     Room  1042, 

Drezel  BuildiDg,  Philadelphia,  U.S.A. 
1884.  "FMiif,  W.,  LL.D.,  B.Sc,  F.L.S.,  F.G.S.,  F.S.S.    The  Vinery, 

Downton,  Salisbnir. 
1877.  iFreemM,  Franda  Ford.    Abbotafield,  TaTiBtoek,  Sooth  Devon. 
1684.  *FUQUHTU,  The  Hon.  Sir  C.  W.,  E.C.B.    4  Lower  Sloane-street, 

S.W. 
1869,  jFrare,  Bev.  William  Edward.    The  Rectory,  Bitton,  near  Bristol. 

1886.  tFBSsHTiBLD,  DoueLAS  W.,  F.R.G.3.    1  Airlie-gardens,  Campden 

Hai,  W. 

1887.  tFries,  Harold  H.,  Ph.D.     92  Reade-street,  New  York,  U.S.A. 
1887.  JFroe/Uicfi,   Thf.   Caanliere.     Grmeenor  Terrace,   Witkington,  Man- 

1892.  'Frost,  Edmund,  M.B.    Chesterfield,  Meads,  Eastbourne. 

1882.  Sftoet,  Edward  P.  .J.P.     West  Wrattinir  Hall,  CambridgeehirB. 

1887.  "Frost,  Robert,  B.Sc.     63  Victaria-road,  "W, 

1899.SiFry,  Edward  W.    Cannon-stteet,  Dover. 

1898.  JFrt.  The  RiRht  Hon.  Sir  Ebwabb,  D.C.L.,  LL.D.,  F.R.8.,  F.S.A. 

Failand  House,  Failand,  near  Bristol. 
1898.  tPry,  FrancU  J.     Leigh  Woods,  Clifton,  Bristol. 
1876,  "Fry,  Joseph  Stoirs,     17  Upper  Bel^rave-road,  Oliflon,  Bristol. 
1898.  JFryer.  Aifr^  C,  Ph.D.    13  Eaton- crescent,  Clifton,  Bristol. 
1884.  JFryer,  Joeeph.  J.P.     Smelt  House,  Howden-le-Wear,  Co.  DurbUD. 

1895,  tFffiiAKTOH,  Dr.  J.  H.     Fishery  Board  for  Scotland,  Geot^-street, 

Edinburgh . 

1872.  'Fuller,  Bev.  A.    7  SjdeDham-hill,  Sydenham,  S.E. 
1808.  JFtTLTJiB,  FBBDaiticK,  M.A.    0  Palace-road,  Sorbiton. 

1869.  iPTLLBE.  G.,  M.Inst.C.E.     71  Leiham-gordens,  KenMUgton,  W. 
1884.  IFuller,  William,  M.B.     Oswestry. 
1691.  fFultOD,  Andrew.    23  Park-place,  Cardiff. 

1881.  JGabb,  Rev.  James,  M.A.    Bulmer  Rectorv,  Welbuni,  Yorkshire. 
1887.  JGaddum,  G.  H.    Adria  House,  Toy-lane, 'Withington,  Mancheeter. 
1836.  'Gadesden,  Aupiatus  William,  F.S.A.    Ewell  Castle,  Surrey. 
1863.  'GBinsford,  W.  D,    Skendleby  HaU,  Spileby. 

1896,  tOair,  H.  W.    21  Water-street,  Liverpool. 

1860.  JGiiBMTEB,  Sir  W.  T.,  K.C.B.,  M.D.,  ll.D.,  F.R.a.    Glpspor. 


,  V,  Google 


K  LIST  OP 

TMtrof 
BlMtJon. 

1876.  JChOe,  Juiee  M.    23  MSUer-ttreet,  Olajgow. 
186S.  *Oall&wa7,  Alezudei.    Dinture,  Aberfeldy,  N3. 
1861.  JGftlloway,  Ohailw  John.     Knott  Mill  Iron  Works,  M 
1688.  IQollowBj,  Walter.     Eigbton  B&nks,  Gateshead. 

1875.  JGitLOWAT,  W.    Carfiffi 

1667.  'Qallowftj,  W.  J.,  M.P.    The  Cottege,  SeTmour-giOTe,  Old  Tnfibid, 

Muiohaeter. 
1899.  SQoltoD,  Lad;  Douglas.    Himbleton  Manor,  Droitnich. 
186a  'Galton,  FusdB,  M.A.,  D.O.L.,  D.Sc,  F.RS.,  F.G.S.,  F.RG.S. 

42  Rutland-gate,  SnighUbridge,  S.W. 

1869.  tGALTOiT,    JoHlf    C,   M.A.,   F.L.S.      New    Unireraity    Olnh,    St. 

JameB'B-aCreet,  S.W. 

1870.  5Gunble,  lieut. -Colonel  Sir  D.,  Bart.,  .C.B.    St  Helena,  lAocaahin. 
1889.  ^Gamble,  David.     Eatonagh,  Colnjn  Bay. 

1870.  JGamUe,  J.  0.    St.  Helens,  Lancashire. 

1888.  'Gajiblb,  J.  STKB8,  G.I.E.,  F.R.a,  M.A.,  F.L.S.     High£eld,  East 

Lite,  Hants. 

1877.  ]:Ggunble,  William.    6t.  Helena,  Lancashiie. 

1808.  tGAKSBE,  AKracB,  M.D.,  F.R.S.    8  ATenne  du  Konud,  Hmtntu, 
Smtzerland. 

1889.  tGamffee,  John.     Q  Lingfield  Road,  Wtmbiedint,  Surreg. 

1899.  •Garcke,  E.     Simnyside,  Bedford  Park,  Chiswick,  W. 
1898.  SGarde,  Rev,  G.  L.    Skenfrith  Vicsrage,  near  Monmouth. 

1900.  §GBTdmei,  .T.  Stanley,  M. A.    DunHtall,  Newton  Road,  Cambridre. 
1887.  JGisniHBB,  Waltek,  M.A.,  F.R.S.,  FX.S.    46  Hills-road,  (W- 

1883.  'Gai^Der,  H.  Dent,  F.R.G.S.    Furmead,  46  The  Go&,  EasOomme. 
1896.  JGardner,  Jamea.    The  Greres,  Grassendale,  UverpooL 
1894.  IGardner,  J.  Addyman.    6  Bath-place,  Oxford. 

1883.  JGabditgb,  Johh  Stakeib.    29  Albert  Embankment,  S.K 

1884.  jOarmaii,  Samuel.     Cambridge,  Massachusetts,  U.S.A. 

1887.  'Gamett,   Jereminh.      The    Grange,  Bromley   Croia,  near   BoltOD, 
Lancashire. 

1882.  JGamett,    William,   D.G.L.       London   Oonnty   Council,    Springs 

gardens,  S.W. 

1873.  tGamham,  John.    Hazelwood,  Ciescent-Toad,  St.  John's,  Brockle;, 

Kent,  S.E. 

1883.  tGABsOM,  J.  G.,  M.D.    14  Stratford  Place,  W. 

1894.  *Qabstu«s,  Waltiib,  M.A.,  F.Z.S.     Marine  IMological  L*b>>i»toiT, 
Plymouth. 

1874.  •Gaigtin,  John  Bibton,  M.A.,  LL.B.,  M.R.Iji.,  F.S.A.    Br^cau- 

town,  Oaatlebellinghani,  Ireland. 

1882.  IGarton,  William.    WoolstoTi,  Southampton. 
1892,  fGarrie,  James.     Bolton's  Pnrk,  Potter'a  Bar. 

1889.  JGarwood,  E.  J.,  E.A.,  F.Q.S.    Trinity  College,  Cambridge. 
1870.  tGaskell,   Holbrook.    Woolton  Wood,  Liverpool. 

1870.  'Gagkell,  Holbrook,  jun.    Clayton  Lodge,  Aigburth,  Livetpool. 
1806.  'Gabkell,  Waltek  Hoi-brook,  M.A.,  M.D.,  LL.B.,  F.R.S.    The 

Uplands,  Great  Shelford,  near  Cambridge. 
1896.   fGatehouee,  Charles.     Weatwood,  Noctorum,  Birkenhead. 
1862.  'Gatty,  Charlea  Henry,  M.A.,  LL.D.,  F.R.S.E.,  F.L.S.,  F.G.S.    fd- 

bridge  Place,  East  Orinatead,  Siissei. 

1890.  JGaunt,  Sir  Edwin.     Carlton  Lodge,  Leeds. 

1876.  IGavey,  J.    Hollydale,  Hampton  Wick,  Middlesex. 
1692.  tOeddea,  George  H,    8  DongWcresMtnt,  Edinbuigh. 

1871.  iOeddea,  John.     9  MelTille-creecent,  Edinburgh. 

1883.  iGeddes,  John.    S8  Portland-atreet,  Soathpott. 


,  V,  Google 


LIST  OF  MGHBERB. 


1885.  JGBDms,  ProfeflMi  Fatkick.    iUmMj^^arden,  Edinburgh. 

1887.  tGee,  W.  W.  Haldane.     Owena  CoUege,  Mancheater. 

1887.  JOeikis,  Sir  Arcbibaui,  LL.D.,  D.Sc.,  RR.S.,  F.R.S.E.,  F.Q.S., 
XKrectoi^eneral  of  the  Oeologic»l  Surver  of  the  United  King- 
dom.   10  CfaeataMemm,  Regent'g-park,  N.W. 

1871.  IGEinrE,  Jambb,  LL.D.,  D.C.L.,  F  Jl.8.,  F.R.8.E.,  F.Q.a,  MureUaoa 
ProfeiBOt  of  Geolo^  and  Minei«l<^y  in  the  UiUTariity  of 
Edinburgh.     Kiitnone,  Colinton-rofid,  Edinburgh. 

1895.  SGemmill,  Jamea  F.,  M.A.,  M.B.     16  Datgavel-aTenue,  Dumbreck, 

Glugow. 

1885.  'QBNnE,  B.  W.,  M.A.,  ProfaNor  of  Mathematics  in  UniTernt;  Col- 

lege, Aberystwyth. 
1675.  'Oeoise,  Ser.  Hereford  Brooke,  M.A.,  F.R.G.S.   HolyweU  Lodge, 
Oxford. 

1886.  IGerard,  Robert.    BlairwDeTsnick,  UoltH,  Aberdeen. 
1884.  "QsmsB,  Henry  T.,  M.A.     20  SL  John-street,  Oxford. 
1834.  JGibh,  CharlM.     Abbotsford,  Quebec,  Canada. 

1866.  tGibbina,  William.    Battery  Works,  IKgbeth,  BrmiDghftm. 

1874.  tGibeoD,TheRigbtHon.£dward,Q.O.  S3 Fitiwilliam-efuufl, Dublin. 

1692.  iCtibaon,  Frucu  Maitland.    Care  of  Professor  Gibson,  SO  Geaqr»- 

aquare,  Edinburgh, 
1876.  'Gibson,  George  Alexander,  M.D.,  D.Sc.,  F.R.S.E.,  Secretary  to  the 
Bojtl  College  of  Phyticiana   of  Edinbur^.      17  AWa-Street, 
Edinburgh. 

1896.  JGitaon,  Harvey,  M.A.,  Professor  of  Bot*ny,  UniTersity  College, 

livrnMol. 
1664.  lOibson,  Rev.  James  J.    183  Spadina-avsnae,  Toronto,  Cansda. 
1889.  'Oibson,  T.  G.    Lesbury  House,  Lesbury,  R.S.O.,  North nmbeiland. 
1683.  tOibsoD,  Walcot,  F.G.S.    36  Jermyn-Mreet,  S.W. 

1887.  tOiVFBii,  Sir  Robert,  E.C.B,  LLJ>.,  F.Ril.,  V.F.S.S.     Atbenenm 

Club,  8.W. 

1888.  *Oifard,  S.  J.    Lgtlon  CouH,  Tivm  Inn,  Herfford. 
1898.  'Gilford,  J.  William.    Chard. 

1884.  tGUbert  £.  R.    346  St.  Antoina-street,  Montreal.  Oanada. 
1842.    GiLmET,SirJoBEPHHroRy,Pb.D.,LL.D.,F.R.S.,  V.P.C.8,    Hai^ 
poiden,  ne»r  St.  Albans. 

1883.  ^Gilbert,  Lady.     Harpenden,  near  St.  Albana. 

1887.  ^Gilbert,  J,  T.,  M.R.I.A.     Villa  Nova,  Blaekrock,  Dublin. 

1664.  *Oilbert,  Philip  H.     (>.'!  T upper-street,  Montreal,  Canada. 

1896.  JGilchrist,  J.  15.  F.    Csrv-ora  Anstruther,  Spoiland. 

1896.  'GixcHEisT,  PBiicTC.,F.R.8.,M.Inst.C.E.  Frognal  Bark,Finehtor- 
road,  Hampstesd,  N.W. 

1878.  tOilss,  Oliver.    Brynteg,  The  (Crescent,  BromBjrroTe. 

1871.  'GrLL,  Sir  D*vTn,  K.C.B.,  LL.D.,  F.R.S.,  F.R.A.S.  Boyal  Ob- 
servatory, Cape  Town. 

1884.  tOiUman,  Henry.    130  Lafayette-avenue, Detroit,  Michigan,  U.S.A. 
1896.  JGilmour,  II.  B.     Underiea,  AiRhurtli.  Liverpool. 

1883.  'Qilmour,  Abtthew  A.B.,F.ZK.    Safironhall  House,  Wtndmill-Kiad, 

Hamilton,  N.B, 
1667.  tCHboy,  Robert    OrMgie,  by  Dundee. 

1693.  'Gimingham,  Edward.    Stamford  House,   Northumberland  Park, 

Tottenham. 
1900.  {Ginsbuiy,  Benedict  W.,  M.A.,  LLJ>.     Bojal  Statistical  Soriety, 
9  Adelphi  Terrace,  W.C. 

1867.  tOnraBtrtta,  Rev.  C.  D.,  D.C.L.,  LL.D.    nolmlea,  Virginia  Water 

Station,  Ohertsey. 

1884.  JGirdwood,  Di.  G.  P.    28  Beaver  HaU-twrace,  Montreal,  Canada. 


..Google 


40  LIST  OF  UEMBEIta 

TMTof 

ZlMtlon.  ■ 

1886,  'GUborne,  Hartlef,  ^Cui.S.C.E.     Cuag&na    Lodge,  LtAymmth, 

VoDcouTar  luaDd,  Cuuidii. 
18fi0,  'Qladstom,  George,  F.B.G.S.    tt4  Denmark-Tillss,  Hove,  Brigbton. 
1849.  •QLAiWTOira,  Jora  Hall,  Ph.D.,  D.Sc.,  F.R.S.,  V.P.C.S,    17  P«m- 


bridge-aqnue,  W. 
Adstone,  Min, 


1883.  •GUdrtoDB,  Miat.    17  Pambridge-Bquare,  W. 

1861.  'GiAiflHER,  Jamm,  F.R.S.,  F.R.A.S.    Ths  SboU,  H«JlifieU-romd, 

South  Croydon. 

1871.  •GLU8HEB,  J.  W.  L.,  M.A.,  D.Sc.,  P.R.S.,  F.K.A^.    Trinity  College, 

Oambridfre. 

1897.  tGlasbui,  J.  C,  LL.D.    Ottawa,  Canada. 
1883.  jaiaaaan,  L.  T.    2  Rope>«treet,  Penrith. 

1881.  ■Glusbbook,  R.  T.,  M.A.,  F.R.S.,  Director  of  tbe  National  Pb^cnl 

LaboratoiT.     ^3  Queen's  Uosd,  Richmond. 
1881.  *Gleadow,  Frederic.     38  I^broke-grova,  W. 

1866.  tOlennie,  J.  8.  Stuart,  M.A.    Verandab  Cottage,  Haalemeie,  Smrey. 
1667.  X^loaff,  John  A.  L.    10  Invtrltith  Place,  Ediithurgh. 
1874.  JGlover,  George  T.    Oorby,  Hoylake. 

Gtover,  Thomas.    124  Manchest«r--Toad,  Southport 

1870.  JGIynn,  Thomas  R.,  M.D.    62  Rodney-etreet,  IjTerpooL 

1872.  ^GosDAKD,  RiCHABD.     16  Booth-fitTeet,  Bradford,  Yorlmhire. 
1 899.  jGodfrey,  IngrHm  F,     Brook  House,  Aah,  Dover. 

1886,  JQodlee,  Arthur.    Tbe  Lea,  Harborne,  Birmingham. 

1887.  tGodlee,  Francia.    8  Minehall-etreet,  Mancbeeter. 

1878.  'Godlee,  J.  Lister.    3  Clarence-teTrace,  Rwent'e  Park,  N.W. 

1880.  JGoDMAir,  F.  Du  Cams,  D.O.L.,  F.R.S.,  F.L.S.,  F.G.S.    10  Cbaadoa- 

Btreet,  CaTendish-Bquare,  W. 

1883.  tGodaon,  Dr.  A16ed,    Cheadle,  Cheahiie. 

1862,  JGodwin,  John.     Wood  Houee,  Rostrevor,  Bel&Bt. 

1879.  IGodwhi-Adbtbw,  Lieut.-€olonel  H.  H.,  FJt-S.,  F.G.S.,  F.R.a.S., 

F.Z.S.     Shalford  Hoiue,  GuUdford. 
1876.  IGoff,  Brace,  M.D.    BotbweU,  lAnarkabiie. 

1898.  SGoldney,  F.  B.    Goodnestono  Park,  DoTer. 

1881.  IGoLDBCHinDT,  EnwABD,  J.P.    Nottioghani. 

1886,  IQoLDBXiD,    MajopJ3eneral    Sir    F,  J.,   K.CAI.,  C.B.,  F.B.G£. 

Ood&ey  House,  Hollingboume. 
1899.SSGomme,  G.  L,,  F.S.A.     24  DoraBt-squaM,  N.W. 
1890.  ■GoimniK,  E.  0.  K.,  M.A.,  ProfesBor  of  Political  Economy  in  TJniTai- 

ai^  College,  Liverpool. 
1834.  tOood.Cbarle*  E.     102  St.  Fran(;oiaXavier-street, Montreal,  Canada. 
1862.  JGoodbody,  Jonathan,    Clare,  King's  County,  Ireland. 
1878.  iGoodbody,  Joiiathan,JuQ.     60  Dame-street,  Dublin. 

1884.  JGoodbody,  Robert.     Fairy  ilill,  Blackrock,  Co.  Dublin. 
1886,  tGooDXAH,  J.  D.,  J.P,    Peachfield,  Edgbaaton,  Biimingham. 
1884.  'Goodridge,  Ricb&rd  E.  W.    liupton.tWichigan,  JJSJl. 

1884.  IGoodwin,  Professor  W.  L.    Queen's  Unireni^,  Kingston,  Ontano, 
Canada. 

1886.  JGordon,  Rev.  Cosmo,  D.D.,  F.R.A.S.,  F.G.S.    Ctetwynd  JUctcar, 

Newport,  Salop. 

1871.  'Gordon,  Joseph  Gordon,  F.G.S.     Queen  Anne'a  Manaone,  Wwt- 

minster,  S.W. 
1893.  tOordon,  Mrs.  M.  M.,  D.Sc.    1  Bnbislaw-terrace,  Aberdeen. 

1884.  'Gordon,   Robert,   M.Inst.C.E.,   F.R.G.S.       Ferndale,    ~  " 

Road,  Streatham,  S.W. 

1899.  §GoTdon,  T.  Eirkman.    Iti  Hampden  Street,  Nottingham. 

1885.  JGordon,  Rev.  William.    Biaemar,  N.B. 

1887.  XGortivn,  iVilliamJoha,    3  Zavtnda^ardent,  S.W. 


,  V,  Google 


LIST  OF  MEMBERS. 


Northumberiand-chsm- 


1866,  JGoM,  Ghokob,  LL.D.,  F.R.S.    20  EMj-row,  I 

1876.  •GoTCH,  Fbikcm,  M.A.,  B.Sc.,  F.R.S.,  Profeoeor  of  l'hyBiolo((y  in 

the  Uiu*eT8iW  of  Oxford.    The  Iawd,  Baabnry-TOid,  (^ford. 
[873.  tOott,  Ohulea,  M.liiet.O.£.    P&rkfield-roBd,  Mumingliuii,  Bndfoid, 

Yorksliiie. 
1849.  tOough,  The  Hon.  Frederick.    Penj  Ilall,  Hrmingham. 
.881.  tGongh,  Ber.  Thomas,  B,Sc.    King  Edward's  School,  Itotford. 
894.  JOoi^,  Q.  M.,  M.B.    119  South  17th-8ti«et,  Philkdelphia,  U.S.A. 
888.  JGoumud,  Oolonel.     Gwydyr  Mansions,  Hove,  Sussex. 
901.  jGoiTHLAr,  ROBEBT.    (Loo&L  Tbbabitbrb.)    Glasgow. 
.867.  JGoorley,  Henrj  (Engineer).    Dundee. 
.876,  {Gow,  Robert.    Oaimdovran,  Dowanhill  Gardens,  Glasgow. 
l883.  JGow,  Mis.    Cairodowan,  Dowanhill  OaidenB,  Glasgow. 
1873.  SGojdeTiDT.  D.    Mailer  House,  88  Great  Horton-ioad,  Bradford, 

Yoikshira. 
[886.  tOrabham,  Michael  0.,  M.D.    Madeira. 
'876.  XQ&Axua,  Jaksb.    12  St.  Vincent-street,  Glas^w. 
").  tGrange,  0.  Emect.    S7  Bemers-street,  Ipswich. 
I.  iGranser,    Professor    F.    S.,    M.A.,    D.Litt.     2    Cranmer-«treet, 

NottiDgbam. 
.806.  }Grant,  Sir  James,  K.O.M,G.    Ottawa,  Canada. 
.892.  JGran^  W.  B.    10  Ann-street,  Edbburgli. 
,884.  JGrantham.IUchard  F.,  M.Inst.C.E.,  F.G.S. 

beiB,  NoTt^umberland-aTenue,  W.C. 
JOraj,  Alan,  LL.B.    Mlnster-jard,  York. 
,899.SiGniy,  Albert  Alexander.    16  Berke!ey-tei 
,890.  JGkay,    Andkbw,    M.A.,   LL.D.,  F.R.S., 

Natural  Philosophy  in  the  University  of  Glasgow. 
:60O.$$Gny,  Ohailes.     11  Portland-place,  W. 
.864.  *Oiay,  Rev.  Canon  Charles.    West  Retford  Rectory,  Retford. 
i876.  IGray,  Dr.    Newton-terrace,  Gla^ow. 
1881.  tQ»y.  Edwin,  LL.B.     Minster-yard,  York. 
[89tL  T^raj,  J.  C,  General  Secretary  of  the  Co-operative  Union,  limited. 

Long  MiUgate,  Manchestei. 
[892.  'Gray,  James  Hunter,  M.A.,  B.Sc.    141  Hopton  Road,  Stieatham, 

S.W. 
[870.  }Gray,  J.  Macfarlane.    4  Ladbrake-crescent,  W. 
[883.  {Gray,  John,  B.Sc.    361  Goldharboui-lone,  Brixton,  S.W. 
[887.  fGray,  Joseph  W.,F.O.S.    St.  Elmo,  Leckhampton-road,  Cheltenham. 
[887.  IGray,  M.  H.,  F.G.S.    Lwsness  Park,  Abbey  Wood,  Kent. 
1886.  'Gray,  Robert  Kaye.    Lessness  Park,  Abbey  "Wood,  Kent. 
[881.  {Gray,  Thomas,  Professor  of  En^eering  in  the  Rane  Technical  In- 
stitute, Tene  Haute,  Indiana,  U.S.A. 
[873.  IGray,  William,  M.R.L A.    Glenburn  Park,  Belfast. 

*G&iT,  Cobnel  Willilm.    Farley  Hall,  near  Reading. 
.863.  JOray,  William  Lewis.     Westmoor  Hall,  Brimsdown,  Middlesex. 
[883.  JGray,  Mrs.  W.  L.     Westmoor  HaU.  Brimsdown,  Middlesex. 
[886.  iGieaney,  Rev,  William.    Bishop's  House,  Bath-slxeet,  Birmingham. 
[866.  iGreaves,  Charles  Augustus,  M.B.,  LL.B.    84  Friwvgate,  Derby. 
L693.  'GieATes,  Mrs.  Elizabeth.    Station-street,  I4ottingbam. 
[86B.  IGreaves,  William.    Statian-atreet,  Nottingham. 
iQTo    in ■07:11;—      «"  Marlborough-place,  N.W. 


.872.  tOreavM,  WUliam. 


.  SGbi  ,  ,  ,     -       , 

Botany    to   the  Pharmaceutical    Society    of  Great   Bntun. 
Amcliffe,  Gmng<e-road,  Cambridge. 
1887.  XOreime,  Frieee.    162  Shane-ttrett,  S.W. 


n,g  -ccT'GoOgIc 


42  LIST  OF  MEMBERS, 

Tauof 

1882.  tOBBE-VHiLL,  A.  G.,  M.A.,  F.R.S.,  Profossor  of  iUthaiMkg  in  dw 

Rnyal  Artillery  College,  Woolwich.      10  New  Inn,  W.O. 
1881.  tOreenhough,  Edward.     Matlock  Batli,  DerbjBhire. 
1884.  tOreeniBh,  Thomns,  F.C.S.      20  New-*treet,  Donet-Mfuue,  N.W. 
'      ~    *QREaia.r,  Edward.     Achnashean,  near  BsiigOT,  North  WtJes. 

tGi^en^eldi,  E.  B.    Montreal,  Canada. 
i884.  tGreenshielde,  SAmuel.    Montreal,  Oauftda. 
I8H7.  tGreenwell,  a.  0.,jun.    DrifBeld,  near  Derlij. 
.863.  JGreenwell,  G.  E.    Poynton,  (/beebire. 
1890.  ^Greenwood,  Arthur.     Cavendiah-roftd,  Leeda. 
1876.  tQreenwood,  F,,  M.B,     Brampfon,  Cheatorfield. 
,877.  iOraenwood,  Holmes.     78  King  Street,  Acoringtim. 
mi.  {Greenwood,  W.  H.,  M.Inat.C.E.    Adderle?  P«rk  BoUing  Hillt, 


*Oreg,  Arthur.    Eat^ley,  near  Bolton,  Lancashii«. 
■OR£a,  RoBBRT  Peilifb,  F.O.S.,  F.It.A.S.    Coles  Pai^  BunliD^ 
ford,  Herts. 

.804.  'GBBaoKY,J.WALTHE,D,Sc,F.G.S.    3  Aubrey-road,  KeMing:ton,W. 
896.  SGreirory,  R.  A.    Tbo  Homestead,  Westover-road,  Wandsworth 
OommoB,  S.W. 
I.  tGrepann,  G.  E.    Ribble  View,  Preston. 
;.  JGregson,  William,  F.G.S.    Baldersby,  S.O.,  Yorkahire. 
I.  IGRTBRaoN,  Thokab  Botle,  M.D.     Thomhill,  Dumfiiowhire. 
.878.  JGriffin,  Robert,  M.A.,  LL.D.    Trinity  College,  Dnblin. 
""'•     Griffio,  S.  F.    Albion  Tin  Worka,  York-road,  N. 

•Griffith,   C.    L.  T.,  Asfloc.    M.lnet.C.E.    College-to*d,   Hmtow, 

Middlesex. 
•Griffith,  G.     (Abbistaht  GflmBAL  Sbcbkiabi.)     College-road, 

Harrow,  Middlesex. 
IGBiFniHB,  E.  H.,  M.A.,  F.R.8.    12  Park-nde,  Cambri^. 
,884.  IGriffitha,  Mrs.     12  Park-aide,  Cambridge. 
891.  JGriffithfl,  P.  Rhya,  B.Sc.,  M.B.    71  Newpoit-road,  Oatdiff. 
.847.  tGiiffiths,  Thomas.     The  Elms,   HaTbone-toad,  Edgbaaton,  Bin 

L870.  tGrimsdale,  T.  F.,  M.D.    Hoylake,  LiTerpool. 

""■"    'Grim sliftw,  James  Walter,  M.Inet.C.E.    Australian  Club,  Sjdn^, 

New  South  Wales. 
1884.  tGrinnell,  Frederick.     Providenee,  Rhode  laland,  U.S.A. 
1894.  tGroom,  Profej-mr  P.,  M.A.,  F.L.S.     Hollywood,  Egham,  Sanw. 
894.  SGroom,  T.  T.,  D.Sc     Tlie  Poplars,  Ilerrford. 
'"^.  ^GroBsmann,  Dr.  Earl.     70  Roduey-street,  Urerpool. 

!.  tGnrre,  Mrs.  Lillv,  F.R.G.S.    Maaon  College,  Thrmitifrlmn. 
18ftl.  tOrover,  Henrv  Llewellin.    Clydach  Court,  Pontymidd. 
'—'..  'Groves,  Tnoiva  B.     Broadlcv,  WesterhaU-ro«d,  Weymouth. 
I.  IGbubb,  Sir  HowABD,  F.R.S.,  F.R.A.S.     Gl  Keailwintfa-aqaare, 

Ratbgar,  Dublin. 
'.  jGriinbaum,  A.  S,,  M.A.,  M.I).    46  Ladbroke  Grove,  W. 
■.  SQrunbauro,  0.  F.  F.,  B.A,,  D.Sc.    46  Ladbroke  Otove,  W. 
I.  jGrundy.  John.     17  Private-road,  Mapperiey,  Nottinghani, 
.  iGrylla,  W.     London  and  Provincial  Bank,  Cardiff. 
.887.  JGoiLIEitAKD,  F.  H.  H.     Eltham,  Kent. 

Guinness,  Henry.     17  CoUege-jfreen,  Dublin. 
Guinneits,  Richard  Sevmour.    17  College-^reen,  DuUtn. 
.891.  |Gunn,  »ir  Jobii.    Llandaff  House,  LUndalT. 
877.  iOunn,  William,  F.G.S.    Office  of  the  Geological  Survey  of  Scot- 
land, Sherifl''s  Court  House,  Edinbu^. 
tGiJMTHBB,  Albert  0.  L.  G.,  M.A.,  M.D.,  PhJ).,  F.B.8.,  PwU*S, 
F.Z.S.    22  Lichfield-road,  Kew,  Surrey. 


LIST  OF  UEHBEBS. 


ISM.  tOiinther,  K.  T.    Magdalen  College,  Oxford. 

1880.  SQuppy,  John  J,    Ivy-place,  High-street,  Swansea. 

1883.  JGntDne,  Malcolm.    Frince's-Toed,  Liverpool. 
1896.  tGuthrie,  Tom,  B.Sc.    Yorkshire  Ctolletre,  Leeds. 

1870.  ^QwTTKnt,  R.  F.,  M.A.    Owens  OoUege    and  33  HeMon  Rowl, 
Witliiiigtoii,  MaacheHter. 

1884,  tHoanel,  E.,  Ph.D.    Oobonrg,  Ontaria,  Canada. 
1884.  ^Hidden,  Oaptun  0.  F.,  R.A.     Woolwich. 

1881.  'Hasdoit,  Au'kbo  Oobt,  M.A.,  F.R.S.,  F.Z.8.    Inisfail,  Hnifr-rowl, 

Camhridge. 
184S.    Hadfield,  Oeorge.    Victoria  Park,  Haachester. 
1888.  *Hadfield,  R.  A.,  M.Inst.C.E.     The  OroTe,  Endclifia  Vale-road, 


1892.  JHaigh,  E.,  Sf.A.    Longton,  Staffordshire, 

1870.  tHugh,  George.    27  IIighGeld  South,  Kochfarrj,  Cheshire, 

1879.  IKakx,  H.  Wuaos,  Ph.D.,  F.O.S.    Queenwood  Oollege,  Hants. 

1883.  tHAMiuETOU,  R.  G.,  Q.C.    13  Pall  Mall,  8.W. 

1899.  jHall,  A.  D.    6oath-£aRt«ni  Agricultnral  College,  Wye,  Kent. 
1879.  *HaU,  Ebeneter.    Abbeydale  Park,  near  Sheffield. 
1881.  tHall,  Frederick  Thomas,  F.R.Afi.    16  Gray's  Lin-aquare,  W.O. 
1664.  'Hall,  Hush  FsBeix,  F.O.S.     Cowley  House,  Headington  Hill, 

Oiford. 
1898.  SHall,  J.  P.     The  '  Tribune,'  New  York,  U.S.A. 

1887.  XBall,  John,     ^rirujbank,  Lrfticich,  NortAwkh. 

1890.  {Hall,  John,  M:.D.    ifations)  Bank  of  Scotland,  37  NicBolas-kne,  E.G. 
1886.  jHall,  Samuel,  F.I.C.,  F.O.S.    IB  Aberdeen-park,  Highbury,  N. 
leOO.  SHaU,  T.  Farmer,  F.R.G.S.     39  Gloucester  Square,  Hyde  Park,  W. 
1896.  JHall,  Thomae  B.     I^rch  AVood,  Rockfeny,  Ohaahire. 

1884.  fHall,  Thomae  Proctor.      School  of  Practical   Science,  Toronto, 

Canada. 

1896.  IHaU-Dare,  Mrs.  Caroline.    13  Great  Cumberland-place,  W. 

1891.  'Hallett,  Oeorge.  Cnnford,  Victoria-rood,  Penartb.Glamorgaiiehiie. 

1891.  {Hallett,  J.  H.,  M.Ioet.C.E.     Hwndy  Lodge,  Cardiff. 
1878.  *Hiu;BTr,  T.  G.  P.,  M.A.    Olaverton  Lo^,  Bath. 

1888.  SHiLLIBOSTOlT,  W.  D.,  M.D.,  F.R.S.,  Profeasor  of  Physiologr  in 

King's  College, London.  Church  Cottage,17MaiTlebon«-roaa,W. 
Halsall,  Edward.    4  Somerset-etreet,  KnMdown,  Pistol. 
1858,  'Hambly.CharJeaHamblyBurbridge,  F.O.S.    Fairley,  Weston,  Bath. 

1883.  'Hamel,  Egbert  D.  de.     Middleton  Hall,  Tamworth. 
1886.  tHamiltou,  David  James.     41  Queen'»-road,  Aberdeen. 
1881.  'Hammond,  Robert.     64  Victoria-fltreet,  Westminster,  S.W, 
1699.  'Hanbury,  Daniel.     La  Hortola,  Ventimiglia,  Italy. 

1892.  J-Hanbury,  Thomas,  F.L.S.    La  Jtortola,  Ventimiglia,  Italy. 
1878.Sil&nce,  Edward  M.,  LL.B.  Municipal  Offices,  LiverpooL 
1875.  tHaacoek,  C.  F.,  M.A.    125  Queen'»-gate,  S.W. 

1897.  tHAKcoos,  Hakrib.     University  of  Chicago,  U.S.A. 

1861.  {Hancock,  Walter.      10  Upper  Ohadwell-street,  Pentonville,  E.O. 
1890.  IHankin,  Ernest  Hanbury.    St.  John's  College,  Camluidge. 

1885.  tHanldinon,  B.  0.    Bassett,  Southampton. 

1884.  ^Hannaford,  E.  P.,  M.Inst.C.E.    S67;i  St.  Oatherine-slreet,  Montreal, 

Canada. 
1894.  SHann^,  Robert,  F.G.S.    82  Addiaon-roed,  W. 

1886.  iHanaford,  Charlea,  J.P.    Englefield  Honse,  Dorchettor. 

1869.  'HiEOOiTBT,  A.  G.  Vkrsoh,  M.A.,  D.O.L.,  LLJ),,  F.BA,  T.OS. 
Cowley  Grange,  Oxford. 

n,g-,-ccT:G00glc 


44  UST  OF  MEMBERS. 

TmtcI 

1S90.  *HixcoiTBT,L.F.  Vmiros,M.A.,M.IntlO.E.  6  Queen  Anna's-nte, 

8.W. 
1900.  SHarconit,  lion.  R.,  Q.C.,  Minister  of  Education  for  the  FroTince  of 

Ontario,  Toronto,  Oao&dA. 
-1886.  'Hudowtle,  Basil  W.,F.S.S.  IS  OkiiulioTDu|fli-gu<leiiB,  Hsmpate^, 

N.W. 
1693.  'Hudeo,  Arthur,  PhJ).,  M.Sc.     Jeaaer  Inetitnta  of  PiereotiTe 
Medidae,  Ohelsaa  Gardena,  Gnwrenn  Road,  S.W. 

1677.  jHaiding,  SUpfaan.    Bower  Ashton,  Clifton,  Bristol. 

1860.  IHording,  William  B.    Islington  Lodge,  Kis^B  Ljim,  Norfolk. 
1804.  JHardmui,  8.  C.    226  Lord-street,  Soathport. 

1807.  tHlADl.  Hod.  Abthub  S.,  Tomnto,  Canada. 

1804.  iHare,  A.  T.,  M.A.     Neston  Lod^,  East  Twickenliam,  Middlesex. 

1894.  tHare,  Mrs.    Neston  Lod^,  East  Twickenham,  Middlesex. 

1898.  ^Harford,  W.  H.    Oldown  House,  Almondsbuiy. 

18S6.  JHargrave,  Junes.    Builey,  near  Leeds. 

1883.  tHargreaves,  Miss  H.  M.    69  Alexandia-rosd,  Southport. 

188S.  tBargreavee.  Thomas.    69  Alexandra-road,  Southport. 

1890.  ^Hargrove,  Rev.  Charles.    10  De  Grey-terrace,  Leeds. 

1861.  tHargrove,  William  Wallace.    St.  MarVs,  Bootham,  York. 
1890.  SHaBKKB,  AURED,  U.  A.,  F.O.S.    St.  John's  Oolite,  Oamloidge. 
1896.  }Harker,  Dr.  John  Allen.     Springfield  House,  Stodcport. 

1687.  tHiu-ker,  T.  H.    Brook  House,  FaUowfield,  Manchester. 

1678.  'HarknesB,  H.  W.,  M.D.     Oalifomia  Academr  of  Sciences,  San 

Francisco,  Oaliibmis,  U.S.A. 

1871.  tHsrkneas,  William,  F.C.S.    1  St  Maty's-road,  Canonbury,  N. 
1875.  'Harlaad,  Eev.  Albert  Augnstos,  M.A.,  F.G.8.,  F.L.S.,  F.8.A.     The 

Vicarage,  Hurefield,  Middlesex. 
1677.  'Harland,  Henry  Seaton.     8  Arundel-temce,  Brixton. 

1865.  *H&rley,  Miss  Clara.    Roeeljn,  Westbourae-roMl,  Forest  HiU,  S.E. 

1883.  'Harley,  Harold.     14  Chapel^etreet,  Bedford-row,  W.C. 

18«2.  'Hablbi,  ReT.  Robbki,  M.A.,  F.R.S.,  F.B.A.S.    Roselyn,  West- 

bourne-road,  Forest  Hill,  S.E. 
1809.  SHannan,  Br.  N.  Bishop,     8t.  John's  College,  Cambridge. 
1868.  'Habueb,  F.  W.,  F.Q.iS.     Oakland  House,  Cringleford,  Norwidi. 

1881.  •Hakus,  SmiTET  F.,  M.A.,  B.8c.,  F.R.S.    lOng's  Collie,  Gam- 

1882.  tSatper,  6.  T.    Bryn  Hufrydd,  Porttwood,  SouOtampton. 

1872.  (Harpley,  Be?.  Willjam,  M.A.    Olayhanger  Rectory,  TSyerton. 

1884.  ^Harrington,  B.  J.,  B.A.,  Ph.D.,  F.G.8.,  ProfasBOr  of  Chemistiy  and 

Mineralogy  in  McQill  UniTsraity,  Montreal.  Uuivetdty-stroet, 
Montreal,  Canada. 

167S.  *Harris,  AMk^.    Warfenden,  Famborough,  Hants. 

1686.  JHarris,  C.  T.    4  Kiibum  Priory,  N.W. 

1842.  'Harris,  G.  W.,  M.InstC.E.    Willicent,  South  Australia. 

1880.  SHassib,  H.  Obahak,  M.Inet.C.E.  fi  Great  Qeorge-street^  West- 
minster, S.W. 

1806.  IHarrison,  A.  J.,  M.D.  Failand  Lodge,  Guthrie-road,  Oliftw, 
Bristol. 

1866.  itHarrison,  Charles,    30  Lennox^rard^ns,  S.W. 

1860.  tHaniaan,  ReT.  Francis,  M.A.    North  Wraiall,  Ohippenhsm. 
1864.  IHamson,  Gforge.     Bamtlfy,  Yorkthire. 
1889.S$Harrison,  J.  C.    Oxford  House,  Castle-road,  Scarborough. 
1868.  •Hakkiboit,  J.  Fax,  M.A.     22  Connaught-street,  Hyde  Park,  W. 
1893.  IHAXSnoir,  Joef.     Rockrille,  Napier-road,  Edinburgh. 
1870.  ^Habstbow,  REanrALD,  F.H.C.S.    6  Lower  Berk^ej-stnet,  F<Ht- 
man-square,  W. 


n,gti7cdT:G00glc 


[,  Manclieiter. 


LIST  OF  MEMBERS. 


IHuRflon,  Robert    36  Qeoige-street,  Hull. 
.893.  tHaiTiBoa,  Rfiv.  S.  N.    Runsej,  Zr1«  of  Man. 
L68S.  tHuriaoD,  ThomM.    48  Uigh-stieetf  Ipewich. 
1869.  JHuriBon,  W.  Jwome,  F.G.S.    Boud  School,  Icknield-stnet,  Bii- 

'Hart,  Thomaa.    Brooklands,  Blackbuni. 

I87fi.  tRi^  ^>  ^-    Eilderry,  near  Londonderrj. 
'893.  *Hasti.aiii>,  E.  SuDirsr,  F.S.A.    Highnrth,  Oloncester. 
897.  JHartley,  E.  G.  S.    Whaaton  Aatley  Hall,  Stafford. 
871.  'Habtlbi,  Walter  Nokl,  F.R.S.,  F.B,S.E,  F.O.S.,  ProfeBBor  of 
OhemiBtrrin the  Rojal College  of  Sdence,  Dublin.    86  Watcr- 
loo-road,  Dublin. 
JHartley,  W.  P.,  J.P.    Aintiee,  Liverpool. 

•Habtos,  PiofoMor  M.  M.,  D.Sc    Queen'a  College,  Oorii. 

!887.  JHartog,  P.  J.,  D.Sc.    Owens  Oolite,  Manchester. 
tHftTT^,  Arthur.     Boeedale,  Toronto,  Canada. 

JHarvey,  Eddie.     10  The  Paragon,  Clifton,  Briatol. 

1886.  SHBrvie-&own,  J.  A.    Dimipac«,  Larbert,  N.B. 
— I.  'Harwood,  John.    Woodaide  Mills,  Bolton-le-Moof». 

1.  tHaalam,  Rev.  Qeorge,  M.A.    Trinity  College,  Toronto,  Canada. 

t.  iHaalam,  Lewis.     44  Evelyn-gardens,  S.W. 

i.  'HiBTiiiM,  a.  W.    Elm  lA)dge,  Dftrtford  Heath,  Bexley,  Kent 

».  JHatch,  F.  H.,  Ph.D.,  F.G.S.    28  Jermyn-atreet,  S.W. 

I.  tHatton,  John  L.  S.    People's  Palace,  Mile  End-road,  E. 

',  'HawkinB,  William.    Earlaton  House,  Broughton  Park,  Ml 

1872,  'Hawliahaw,  Henry  PauL    68  Jermyn-atreet,  St.  James's,  8 
""'    •Hawkbkaw,  JoHW  Olabss,  M.A.,  M.InBt.C.E.,  F.G.S.    2  Down- 
street,  W.,  and  33  Great  George^treet,  S.W. 

1897.  SHftwkaley,  Charles.    60  Porchester-temce,  W. 
684.  'Haworth,  Abraham.    Hileton  House,  Altrincham. 
i889,  JHaworth,  George  C.   Ordsol,  Salford. 

;887.  •Haworth,  Jeeae,    Woodade,  Bowdon,  Oheabire. 

1867.  tHaworth,  8.  E.     Waraley-road,  Swinton,  Mancheator. 

"\  JHowortA,  Rev.  T.  J.     Albert  Cottage,  SaltUy,  Birmingham. 
.._  J.  JHawtin,  J.  N.     Sturdie  House,  Roundhay-road,  Leeds. 
.877.  tHay,  Arthur  J.    Lerwick,  Shetland. 

"~".  'Hat,  Admiral  tie  Right  Hon.   Sir  Johw   C.   D.   Bart,  E.O.B., 
D.C.L.,  F.RS.    108  St.  GeorgeVaquare,  S.W. 
1.  *Hayciuft,  Jdhk  Bkbbt,  M.D.,  B.Sc,  F.R.S.£.,Profeasotof  Phjsi* 
obgT,  Universi^  College,  Cardiff. 

. .  JHayde,  Bsv.  J.    8t.  Peter's,  Cardiff. 

1900.  SHayden,  H.  H.    Tlie  Oaks,  Londonderry. 

1884.  tHayes,  Edward  Harold.    5  Bawlinson-road,  Ozfotd. 
1896.  tHayes,  R«.  F.  C.    The  Rectory,  Raheny,  Dublin. 
1896.  tHayes,  William.     Femyhuwt,  RathgBr,I>ubiin. 

.878.  •Hayes,  RaT.  William  A.,  M.A.    Dromoro,  Co.  Down,  Ireland. 

1898.  tHayman,  C.  A.    Eingslon  ViUa,  lUchmond  Hill,  Clifton,  Bristol. 

1868.  'Hatwakd,  R.  B.,  M.A.,  F.R.8.    Ashcoinbe,  ShanMin,  Isle  of  Wight 
' """    'Haywood,  A.  G.    RearsW,  Manilocka-road,  Blundellsanda. 

•Haielhurat,  George  S.     The  Grange,  Rockferry. 

1885.  IHeadley,  Frederick  Halcombe.    Manor  House,  Peteraham,  S.W. 
1883.  JHeadley,  Mrs.  Marian.    Manor  House,  Petersham,  S.W. 

168S.  IHeadler,  Rer.  Tanaeld  Geo^e.    Manor  House,  Petersham,  S.W. 
1888.  'He^,  Balj^.    1  Brick-court,  Temple,  E.C. 
'B8S.  IHeape,  Cbniles.    Tovrak,  Oxton,  Cheshire. 
.888.  tHeape,  Joaepk  R.    Glebe  House,  Rochdale. 

"Heape,  Walter,  M..\.    Heyroim,  Ohucei^road,  Cambridge. 


,  V.  Google 


LIST  OF  UEUHER8. 


1877.  tHeuder,  Hanry  PoUingUni.    Wectwell-fltreet,  Fljiatx±. 
1877.  tHeuder,  ^miiam  Keep.    ISS  Union-itreot,  Plrmouth. 

1883.  tHeath,  Dr.    46  Hcwhton-atreet,  Southport. 

1898.  *Ue»tk,  Arthur  J.    10  Otove  Rood,  Redland,  Brutol. 

139(j.  tReftth,  R.  S.,  M.A..,  D.Hc.     Mama  tJaiveTsity  CoUaga,  Btimingham. 

1884.  tHeath,  Thomas,  B..\.     Koyal  Obeemtoir,  Edinbiuirh. 

1883.  tHeston,  Charles.     MwJborouffh  House,  ^esketh  Pu-k,  Southport. 
1865.  tHeaton,  Hanj.     Harbome  Hoiiae,  Hafbonte,  Bimungbun. 

1892.  'IIbitos,  William  H.,  M.A.,  Professor  of  Phyaic*  in  TJniverri^ 
College,  NottiaghaiD. 

1889.  *H«»TiBide,  Arthur  W««t.    7  Qrafton-road,  WhitlejfNeweaatle-apon- 

Tyne. 

1884.  SHeaTiBide,  Rev.  George,  B.A.,  F.R.G.S.,  F.KHiatS.    7  GroBrenoi^ 

Btreet,  Ooventry. 
1838.  'Heawood,  Edward,  M.A,     3  UndorhUl-road,  Lordship-lane,  8.K 
1868.  'Ueawood,  Percy  J.,Lactureriii  Mathematict  at  I)urh*m  UniTeia^. 

41  Old  ElTHt,  Durham. 

1855.  IHmotob,  Sir  Jinia,  K.C.M.G.,  M.D.,  P.R.S.,  F.O.8.,  Directorof  the 

Geolo^cal  Survev  of  New  Zealand.   Wellingt(»i,  New  Zealand. 

1887.  'HEDOca,  KiLLnrawORTH,  Af.Iuat.C.E.  Wootton  Lodge,  39  Straat- 
ham-hUl,  S.W. 

1881.  *Hble-Skaw,  H.  S.,  LL.D.,F.R.S.,  M.Iust.O.E.,  Prvfbuor  of  Engi- 
neering in  Uoiversitj  CoU^;e,  Liverpool.  27  Ultet-roM, 
IdTerpool. 

1887.  SHembnr,  Frederick  William,  F.R.M5.    Ungford,  Sidcup,  Kent. 

1897.  JHemming,  U.  W.,  Q.O.    2  Earra  Court-eguore.  S.W. 

1890.  {Hemsalecli,  O.  A.    Faculty  des  Scieaeas,  Parit. 
1867.  IHeaderson,  Alexander.    Dundee. 

1873.  'Heuderson,  A.  L.     Westmoor  liall,  Brimadomi,  Middlesex. 
1883.  tHenderaon,  Mrs.  A.  L.    Weatmooc  Hall,  BrimKlown,  Middlesex. 

1891.  •HEKI>BRttos,G.G.,D.Sc.,M.A.,F.C.S.,F.LC.,Profea»orof Chemistry 

in  the  OlasfFow  and  Weat  of  Scotland  Technical  Oollcga.    9M 
Oeorge-str«et,  Glaagow. 

1892.  tHenderaon,  John.    3  St.  Catherine-place,  Orange,  Edinb«ngfa. 

1885.  tHenderaon,  Sir  WiUiam.     Devanba  House,  Aberdeen. 

1880.  •Henderson,  Captain  W.  H.,  H.N.    21  Albert  HaUMnaniioBa,  Ken- 

singion,  S.W. 
1896.  tHenderaon,  W.  Saville,  B.Sc.     Beech  Hill,  Fairfleld,  Li»eipi>ol. 

1856.  tHBNSSssT,    Hbitri    a.,    F.R.S.,    M.R.I.A.     Palaiio    FemUB, 

Zsttttre,  Venice. 
1873.  •Hembici,  Olaus  M.  F.  E.,  Ph.D.,  F.R.S.,  Profeaaorof  MechaidB 

and  Mathemntics  in  the  Ci^  and  Guilds  of  London  InaCitDtet 

Central    Instituiion,    EzhibitJon-road,  S.W.      34  OlaisDdc»' 

road,  Notliog  Hill,  W. 
Henry,  Franklin.    Portland-street,  Manchexter. 
Henrv,  MitchcU.     Stmtbeden  House,  Hvde  Pw*,  W. 
1892.  tHBiuuBiT,  David,  M.I).,  F.R,S.E.     The  University,  Edinburgh. 
1856.  'Hepburn,  J.  Gutch,   LL.B.,  F.C.S.     Oaktield  Cottage,  Dartforf 

HeHlii.  Kent. 
1855.  tHepbum,  Robert.    0  Portland-ploM,  W. 
1800.  jHepper,  J.     43  Oardipan-road,  Headinifley,  Leeds. 
1890.  jHepmorth,  Joseph.     25  Wellington-street,  Leeds. 
1892.  'Herbehtsow,  Asbeew  J.,  Ph.D.,  F.R.8.E.,  F.R.G.S.    36  NorbaM 

Road,  0\foid. 
1887.  'IlKBitMiN,  William  A.,D.Sc.,  F.R.S.,  F.aS.E.,  F.L.S.,  Pvo&nor 

of  Natural  Hiotory  in  Univenity  College,  IdTerpooL    CimtMb 

Lodge,  Sefton  Park,  liverpool. 


n,g  -ccT'GoOgIc 


'Haidmflii,  Mn.    OioxtAth  Lodge,  SotUm  Park,  LiverpooL 

l891.  JHem,  8.     South  Oliff,  Marine  Parsde,  Penarth. 

—  •HEBacKEt,  Alkxaitoee  S.,  M.A.,  D.C.L.,  F.R.S.,  F.R.  A.S.,HoBorMT 
ProfeMor  of  Phyiici  and  Experimental  Philosophj  in  the  Udi- 
verut;  of  Dnrhun.    Obaerratorr  House,  Sloug'h,  Bu^s. 

.874.  SHbhbchel,  Colonel   JoHX,  RE.,  i'.R.S.,  F.KA.S.    ObBerratory 
House,  Slough,  Budta. 
•Herechel,  J.  C.  W.    l^ittleinore,  Oxford. 

'Herschel,  Sir  W.  J.,  Bart.    Littlemore,  Orford. 

1895.  SHceleth,  Jamet.    Scurisbrick  Avenue-buildings,  107  Lord-street, 

Southport. 
1894.  tHEwaraoH,  Q.  H.    39  Henley-road,  Ipewid. 
"";.  JHewins,  W.  A.  S.,  M.A.,  F.8.8.    Prolessor  of  Political  Economy  in 
King's  College,  Strand,  W.C. 

1896.  SHewitt,  David  Basil.    Onkleigh,  Northwich,  Ofaeehire. 

1893.  tHewitt,  Thomas  P.     Eccleston  Park,  Prescot,  Lancashire. 

1883.  tHewBon,  Thomas.     Junior  Constitutional  Club,  Piccadilly,  W. 
1882.  tHBYOOCE,  Ohables  T,,  M,A.,  F.R.S.     King's  CoDtge,  Cambridge. 
""S,  SHeyes,  Bev.  John  Frederick,  M.A.,  F.R.G.S.    90  Arkwright  Street, 

Bollon. 
1866.  *Heyiuiin,  Albert    West  Bridgfoid,  Nottinghamahire. 

1897.  tHejB,  Thomas.    180  King-street  West,  Toronto,  Canada. 
1861,  •Heywood,  Arthur  Henrv.     Elleray,  Windermere. 

1879.  JHeywood,  Sir  A.  Percival,  Burt.     DuffieM  Bank,  Darby. 
ie8e.S5HBrW00D,  Henkt,  J.P.,  F.C.S.     Witia  Court,  near  Cardiff. 
'887.  {He  J  wood,  Robert.     Hayfield,  Victoria  Park,  Maucheater. 
888.  ^HicheuB,  James  Harvey,  M.  A.,  F.G.S.     The  School  House,  Wolver- 

hampton. 
.886.  SHicks,  Henry  B.     44  Pembroke- road,  Clifton,  Bristol. 
877.  SHlds,    Professor    W.    M.,    M.A.,    D.Sc.,    F.U.S.,    Principal    of 

Uoiversity  College,  SbefGeld. 
886.  tHicks,  Mrs.  W.  M.     DunhsTed,  Endcliffe-creecent,  Sheffield. 
.884.  IHickeon,  Joseph.     372  Mountain-street,  Montreal,  Canada. 
"""   'HicKBOS,  Stdnbt  J.,  M.A.,  D.Sc,,  F.K.S.,  Professor  of  Zoology  in 
Owens  College,  Maucbeater. 
'HiBBN,  W.  P.,  M.A.    The  Oaatle,  Bamsta^e. 
1801.  (Hia8s,HKHBi,LL.B.,F.S.S.    12  L7DdburHt^road,Huapeteiul,N.W, 

1894.  IHill,  Rev.  A.  Du  Boulay.    East  Bndgford  Rectory,  Nottii^ham. 

1886.  *Hn.L,  Alexiitdes,  M.A.,  M.D.    Downing  College,  Cambridge. 
'898.  tHUl,  Charles.     Clevedon. 

•Hill,    Rev.    Canon    Edward,  MA.,  F.Q.8.       Sheering  Rectoi;, 

Harlow. 
•Hill,  Rev.  Eowur,  U.A.,  F.G.S.    The  Ractory,  Cockfield,  Bury 

St.  Edmonds. 

1887.  tHill,  G.  II.,  F.G.S.    Albe*t-chanibewi,  Albert-square,  Manchester. 

1884.  JHill,  Rev.  James  Edgar,  M.A.,  B.D.    2488  3t  Catherine^lreet, 

Montrt:al,  Canada. 
188a  JHiLL,  il.  J.  M.,  U.\.,  D.Sc..  F.i:.S.,  Professor  of  Pure  Matbematics 

in  University  College,  W.U. 
■Hilt,  Sidnfiy.     Langford  House,  Laogford,  Bristol. 
1808,  'Hill,  Thomas  Sidney.    Langibrd  House,  Langford,  Bristol 

1888.  tHill,  William.     Hitchin,  Harts. 

:876.  tHill,  William  H.    Barlonark,  Shettleston,  N.B. 

■HiLLHOUHB,  WiLLUM,  M.A.,  F.L.S.,  I'rofessor  of  Botanv  in  Mason 
Sdence  College.     16  Duchess-road,  Edgbaston,  Birmingham. 
188«.  JHillier,  ReT.  E.  J.     Cardington  Vicarage,  near  Bedford. 
1863.  XHille,  F.  C.    Chemical  Works,  Deptfoid,  Kent,  S.E. 


,  V,  Google 


1887.  JHUton,  Edwin.    Oak  Bank,  FaUowfield,  Uucheater. 

187a  XHhtbe,  G.   J.,  Ph.D.,  F.R.8,,  F.G^.    ITytho^^  AvondslB-Tosd, 

South  Croydon,  Suitbt. 
18S3.  'Hindla,  JuneH  Henry.    8  Oabhamrfltieet,  Aocringtan. 

1888.  'HindnuiMh,  William  Thomaa,  FJ*8.    Alnbank,  Alnwick. 
1898.  SHind«,  Henry.     67  Queen-atraet,  lUmsgate. 

1886.  illingley,  Sii  Benjamiti,  B&rt.    H&th«ilaii  Lodge,  Cndloy,  Woi^ 

cestenbire. 
1881.  tHiiigBton.J.  T.    Clifton,  York. 
1884.  IHuiesTOK,  Sir  Wuxiak  Hais,  MJ>.,  D.O.L.    .17  Vnion-aTenne, 

Montreal,  Otmada. 
1900.  Sllioks,  Arlhur  K.,  M.  A.    10  HontingdoD  Boad,  Cambridge. 
1884.  iHiTBChfilder,  C.  A.    Toronto,  Oanada. 
1809.  SHobdav,  Henry.    Hazelwood,  Grabble  Hill,  Dorar. 

1878.  (Hobkirlt,  Charles  P..  F.L.S.    The  Headlanda,  Scotkod-Une,  Ho»- 

fbrth,  near  Leedf. 

1887.  *Hobaon,    Bernftrd,    B.Sc.,    F.Q.S.      Tbombm,    Parkfield    Road, 

Didsbury. 
1883,  IHobsoD,  Mrs.  Carey.    6  Beaumont-crescent,  West  Kensington,  W. 

1883.  JHobflon,E87.  E.  W.    66  Albert-road,  Sonthport. 

1888.  XHockinff,  Sev.  Silae  K.     21  Scaritbrick  New-road,  Southporf. 
1877.  t^O'^K^i  ^v-  ^°^°  Mockey,  M.A.     38  Tayistock-ptace,  Plymontli. 
1876.  JHodgea,  Frederick  W.    Queen's  College  Bel&et. 

1863.  *HoiisKix,TBOVAB,B.A.,D.C.L.BenweUI>ene,Newcaatle-npon-Tjiie. 
1887.  'HodgkinsoQ,  Alezander,  M.B.,  B.Sc.,  Lecturer  cm  laryngology  at 

Owens  College,  Manchester.     16  St.  Jobo-Btreet,  Mancheoter. 
1896.  IHodgkiDson,  Arnold.    16  Albert-road,  Sonthport. 
1880.  SHodgkinson,  W.  B.  Eaton,  Ph.D.,  F.R.S.E.,  F.G.S.,  Profewor  of 

Chemistzy  and  Phynca  in  the  Royal  Artillery  GolU^,  Wotdwtch. 

18  Glencoe-road,  Blackheath,  S.E. 

1884.  tHodgeon,  Jonathan.     Montreal,  Cuiada. 
1863.    Hodgson,  Bobert    Whitbnm,  Sunderland. 

1863.    Hodgson,  K.  W.    7  Sandhill,  Newcaatle-upon-Tyne. 

1898.  jHodgson,  T.  V.     Municipal  Museum  and  Art  Gallery,  Kymonth. 

1896.    Hodgson,  Dr.  Wm.,  J.P.    Helonaville,  Crewe. 

1894,    Hogg,  A.  F.,  M,A.    13  Victoria-road,  Darlineton. 

1894.5  Hol^,  Ernest.     6  Crown-court,  Cheapside,  E.G. 

1883.     Hoidtn,  Edward.     Laurel  Mount,  Shipley,  Yorkthirt. 

1883.  JHolden,  James.     12  Park-avenue,  Soutiport. 

1883.  JHolden,  John  J.    23  Duke-street,  Southport. 

1884.  Holden,  Mrs.  Mary  E.     Dunham  Ladies'  Col]^«,  Quebec,  Canada. 
1867.  'lloldor,  Henry  William,  M.A,    Owens  College,  Mancherter. 
1896.  tHolder,  Thomaa.    2  Tithebam-stniet,  Liverpool, 

1900,  SHoldieh,  Col.  Sir  Thomaa  H,,  R.E.,  K.C.I.E,  Army  and  Navy  Club, 

36  Pall  Mall,  S.W. 
1887.  -Iloidsworth,  C.  J.    Hill  Top,  near  Kendal,  Westmoreland. 
1891,  SHolMte,  Benj.,  F.G,S,    The  Briars,  North  Park  Avenue,  Bonsdhay. 

1879.  ^Holland, OalTert  Bernard.     Haiel  Villa,  Thicket^road,  A]Mrlej,S J:. 
1896.  ^Holland,  Mrs.    Lowfields  House,  Hooton. 

1898.  ^Holland,  Thomas  H.,  F.G.S.    Geological  Surrey  0£Bce,  Cakiina. 

1889.  JHollander,  Bernard.     King's  CoUege,  Strand,  W.C. 

1886.  IHollidav,  J.  B.     lUl  Harbome-rOBd,  Birmingham. 

1883.  tHollingsworth,  Dr.  T.  8.    Elford  Lodge,  Spnng  Grove,  Uewortb. 

1883.  *Holmes,  Mrs.  Baul.    £  Freeland-road,  Ealing,  MlddleKX,  W. 

1866.  ■Holmes,  Charles.    :>4  Aberdare-gudena,  Wert  Hampatttu],  N.fV. 

169ii.  tHohnea,  Matthew.    Nether^,  Lenzie,  Scotland. 

1882.  -HoLUEs,  Thomas  ViiiCEaT,F.Q.a.  28C^nomVhiII,Gi«an«icb,SX. 


LIST  OP  MEMBERS. 


1896.  tHolt,  WilUuu  Henrr.    11  AahviUe-iokd,  Blrkenbend. 
1887.  tHoltermftD,  R.  F.    Bmntford,  Ontario,  G&Qada. 

1891.  •Hood,  Awhibftld,  M.ImLC.E.    Sherwood,  Cardiff. 

1876.  'Hood,  John.    Chesterton,  CirenceBter. 

1847.  tHooxBB,  Sir  Joseph  Daltoit,  Q.O.3.I.,  O.B.,  M.D.,  D.O.L.,  LLJ>., 
F.RS.,  F.L.S.,  r.G.S.,  F.E.G.S.  The  Gamp,  Simniiigdale, 
Berkshire. 

1892.  }HoozEB,  REomALK  H.,  M.A.    S  Gny's  Inn-iJace,  W.C. 
1666.  'Hooper,  John  P.    De^ene,  Rutford-nwd,  Streatham,  S.W. 

1877.  •Hooper,  Rev.  Samuel  F.,  M.A.    Ljdlinch  R«ctorj,  Stutminafep 

Newton,  Dorset. 
1866.  tHooton,  JanathoD.    116  Great  Ducie-street,  ManchsBter. 
1884.  *H0PKI5B0V,  Chableb.    The  Limea,  Kdaburj,  near  ManchMter. 

1883.  'HophinsaD,  Edward,  M.A.,  D.Sc.    Oakleigb,  TimperleT,  Obeabtrs. 
1871.  'HOPKIKBOS,  John,  F.L.S.,  F.G.S.,  F.R.Met.Soc.    84  New  Bond 

Street,  W. ;  and  Westwood,  St.  Albans. 
1868.  IHopkmon,  Joseph,  jun.    Britanuiii  Works,  Huddersfietd. 
1891.  JHorder,  T.  Garrett.     10  Wmdsop-place,  Cardiff. 
IB9S.  'Hornby,  R.,  M.A.    The  Hu^h  School,  Newcastle,  Staffordahin. 

1886.  tHosim,  JoHir.  F.R.S.E.,  FTQ.S.    Geolof^cal  Surve;  Office,  Sheriff 

Court-buildingB,  Edinhuwh. 
1876.  'Horniman,  F.  J.,  M.P.,  F.R.G.S.,  F.L.S.     Falmouth  Houae,  20 

H;dB  Park-tenace,  W. 
1884. 'HorsfaU,  Richard.    Stoodley  Houae,  Halifax. 

1887.  {HonfaU,  T.  0.    Swanacoe  Faik,  near  Macclesfield. 

1893.  ■HoBBLBT,  ViCTOS  A.  H.,  B.Sc.,  F.R.S.,  F.R.C.S.  25  OaTwidish- 
aquare,  W. 

1884.  'Hotblack,  G.  S.    Brundall,  Norwich. 
1899.$$Hotblacl(,  J.  T.    46  NewmaTke1>-road.  Norwich. 


1869.  tHongh,  Joseph,  M.A.,  F.R.A.S.    Codaall  Wood,  Wolverhampton. 

1886.  *Hough,  8.  S.    Royal  OlaerTatoiT,  Cape  Town. 

1886.  JHonghton,  F.  T.  S.,  M.A.,  F.O.S.    188  Hagley-road,  Edgbaston, 


1887.  tHouldeworUi,  Sir  W.  H.,  Bart,  M.P.  Norbury  Booths,  Knutsford, 
1896.  JHoult,  J.    South  Castle-street,  Liverpool. 

1884.  tHonston,  Williani.    l^gislatiTe  library,  Toronto,  Canada. 

1888.  'Hovenden,  Frederick,  F.L.S.,  F.G.S.    Gleulea,  Thnrlow  Park-»ad, 

West  Bulwich,  Suttct,  S.E. 
18B3.  tHoward,  F.  T.,  M.A.,  F.G.S.    University  College,  Cardiff. 

1885.  tHowaid,  James  Fielden,  U.D.,  M.R,C.S.    Sandycroft,  Shaw. 

1887.  *HowaTd,  S.  S.    68  Albemarle-road,  Beckenham,  Kent 

1S99.  jHoward-Haywaid,  H.    Harbledown,  120  Queen's-rood,  Richmond, 

1686.  }Howatt,  David.    3  Birmingham-road,  Dudley. 
1876.  tHowatt,  James.    146  Bucnanaii-etreet,  Glasgow. 
1899.{SHowdeD,  lao  D.  0.     6  Cambridge-terrace,  Dover. 

1889.  tHowden,  Robert,  WS.,  Profeeaor  of  Anatomy  in  the  University  of 

Durham  Collage  of  Medicine,  Newcaatle>upon-Tyne. 
1867.  JHowoll,  Henry  H.,  F.G.S.,  Late  Mrector  of  the  Geological  Survey 
of  Great  Britain. 

1888.  {Howell,  J.  H.    104  Pembroke-road,  Clifton.  Bristol. 

189L  JHoweU,Bev.WmiBm0barle8,M.A.  Holy  Trinity  Parsonago,  High 

Oroaa,  Tottenham,  Middleeei. 
1886.5  HowH,  G.  B.,  LLD.,  F.R.8.,  F.L.S.    Professor  of  Zoology  in  the 

Roval  College  of  Sdence,  South  Eenaingtoa,  S.W. 
1884.  tHairiand,EdwaidP.,!lD.    211 4U-etnet,  Wad^ngton,  tl&A. 
1684.  tHoiriud.Olivtt'iUkeii.    Toronto,  CWada. 

WOO,  J>  r-  \ 


so  LIST  OF  MEMBEBS. 

Tcuot 

1865.  *Bowi:Brr,  Rav.  FftSDBRiCE,  F.B.A.S.    7  Prince*8  BaiUiiiga,  CHifton, 

Briatol. 
1(W3.  tllowoRiH,  Sir    n.  IL,  K.C.I.E..  ilJ.,  D.C.L.,  F.R.S.,  F.S.A. 
30  OoiliDgh&m-pUce,  C'romweU-rowl,  S.W. 

1883.  ]Rowoith,  John,  J.P.    Springbaok,  Buroley,  Lancaahin. 
18H3,  {Hoyle,  Jamei.    Blackbuni. 

18S7.  CHoTLS,  WiLLiiiu  E.,  M.A.    Owens  College,  Manchester. 
1*^8.  fnudd,  AKred  E.,  F.S.A.    04  rembroke-road,  Clifton,  Brirtol. 
ISaa.  §HiTDI.Bi«TOn,  W.H.,M.A.,F.R.S.,F.G.S.    HStmhope-emrdeaa.S.W. 
1888.  jHuDSoN.  V.  T..  M.A.,  LL.D.,  F.R.S.    Brmr  Knoll, Lake,  Sandown, 

iBle  of  Wight. 
lAUi.  ^Hudson,  -Inhn  E.    12Q  Milk-atreet,  Boston,  Masaacliiieelts,  U.S.A. 
1807.  *Hdd!ion,  Willuh  H.  H,,  M.A.,  Professor  of  Matbematica  in  King's 

College,  London.      15  Altenberg-gaTdeos,  Otapbam  Gommoo, 

S.W. 
1858  'HuoeiNB,   Sir    William,  K.O.B.,   D.O.L.   Oion.,   LL.D.  OamW 

Pna.R.S.,  F.R.A.S.     90  Upper  Tuis^-hill,  S.W. 
\fH7.  tllughes,  E.  Q.  U  Iloman-place,  Iligber  Brou^rhton,  Manchwter, 

1885.  tHiighes,  Miss  E.  P.     Cdmoridge  Teachers'  College,  Cambridge. 
1871.  •Hughes,  George  Pringle,  J.P,    Middleton  Hall,  Wooler,  Noitliaiii- 

berlnnd. 
18S7.  jHughes,  John  Taylor.     Tliorlejoioor,  Adhley-road,  Altrincham, 
18')6.  iHughe.^,  John  W.     New  Heye,  AUerton,  Liverpool. 
1870.  'Hi/i/twf,  Leicis.     Fciitoick-chamberi,  Liirerpool. 
ISftl    tHushes,  Thomas,  F.C.S.     31  Loudoun-square,  Cardiff. 
ISaS.  SHuGiiBS,  T.  M'K.,  M.A.,  F.R.S.,  F.G.S.,  Woodwardian  Profeatwt 

of  Geology  in  the  UnJTereity  of  Cambridge.    18  Hills-road 

Cambridge. 
1801.  tTIoghen,  Kev.  W.  Ilawker.    JesiiH  College,  Oxford. 
1807    SHiTLL,  EbWiBD,  M.A.,  LL.D.,  F.R.8.,  F.G.S.    20  Anmdel-gardeiia 

Notting  niu,  W. 

1807.  jHume,  J.  G.,  M.A.,  Ph.D.    KKI  Cburch-etreet,  Toronto,  Canada. 
1887    'HrHMEL,  Professor  J.  J.     162  Woodalay-road,  Leeda. 

1800   jHumphrey,  Frank  W.     OX  Princo's^ate,  S.W. 

1S78.  t  Humphreys,  H.    Caatle-Bquare,  Carnarvon. 

1880.  JHuraphreyn,  Noel  A.,  F.S.S.      Ravenburst,  Hook,  Eiugaton-on- 

Thameg, 
1877.  *HoNT,  Arthur  Roopk,  M.A.,  F.G.S.    Southwood,  Torquay. 
18!)l!  'Hunt,  ri.M:il  Arthur.     Soutli wood,  Torquay. 
IMQ.  tHunt,  Charles.     Tlia  Oas  Works,  Windsor-street,  Birmingluun. 
180l'  tli^nl'  ^-  ^"  ^^'^,   M.D.    "Wtfstboume-crescent,  Sopbiar^krdeaa^ 

Ciirdiff. 
1875.  'Hunt,  William.     North  Cote,  Westbury-on-Trym,  Bristol, 
18!*l!  lUiintev,  F.  W.     Newbotlle,  Fence  Houses,  Co.  Durham. 
18«)!  lUiiuti;!',  Mrs.  V.  W,     Nuwbottle.  Foiiee  Housua,  Go.  Durham, 
18'iL  iHuuicr,  Jli'V.  Jnbii.     UniterBily-pardons, Glasgow. 

1884.  'Hunter,  Michael.    Oreyatones,  Shettidd. 

1879   lHcrTTiBOTOK,A.K.,F.C.S.,Profe8sor  of  Metallurgy  mKing'fi  College, 

w.c. 

1886.  (Huntly,  The  Most  IIou.  the  Marqucaa  of.    Aboyne  Caetle,  Aher- 

deeushire. 
1863.  tHuntsiiiau,  Benjamin,    West  Retford  Hall,  Betford. 

1808.  tHurle,  J.  Cooke.     Southfield  House,  BrialingUwij  Bristol. 
1869."  JHumt,  Gooi^o.    Bedford. 

18H2.  "lluiBt,  Walter,  B.Su,     Kirkirate,  Tadcastar,  Yorkshire. 
1801. -'R»"t,    WUliam    John.    .  Drumanes),  BaUynabioch,    Co.  Dowb, 
IiTjland.  ...  .._  . 


n,gti7cd3yG00glc 


LIST  OF  MEMBEKS. 


687.  t^iubaud,  W.  £.     66  Sury  l/ev>-road,  MancKutcT. 

.862.  ^BuMsy,  Major  E.  R.,  R.E.     84  Waterho-plaix,  Southamptoa. 

.894.  'Hutchinson,  A.     Pembroke  College,  Cambridge. 

.896.  JHutcfainson,  W.  B.     4  West-atreet,  Soutbpon. 

Hntton,  CromptDU.    Harascoinbe  Grange,  iStroud,  Gloucestenhiie. 
1864.  'HuttoD,  D&mton.    14  GumberUnd-teiTEice,  Regent's  Pfuk,  N.W. 
1887.  •Hutton,  J.  Arthur.    The  WoodlandB,  Alderley  Edge,  Oheahire. 
L88S.  JHyde,  Geoi^  H.     23  Arbour-atreet,  Southport. 
!871.  •Hyett,  Fiaucia  A.    Painswick  House,  Pwnawick,  Stroud,  Oloucee- 
t^nhiie. 

Hyndmitn,  H.  H.,  Francis.  Fhyaical  Laboratory,  L^deu,  Netherlands. 

1883.  SWris,  T.  n.  W.    Prtttt-«treet,  Cumden  Town,  N.W. 
Ihne,  William,  Ph.D.    Heidelberg, 
lies,  George.    5  lirunRwick-strcet,  Montreal,  Canada. 
,886.  .lim-Thnra,  Everwd  P.,  C.B.,  C.M.G.,  M.A.     British  Guiana. 

"In*,  Surgeon-Lient.-Ool.  John,  M.D.    Montague  Houae,  Swanley, 
Kent. 

1868.  tli'ir'i*'''*  Henry.    Wortler,  near  Leeda. 
'""".  Jingle,  Herbert.    Pool.  Jjeeds. 

I.  ^Inglis,  John,  jon.  Princa'g-tenace,  Dowanhill,  Gla^ow. 
.891.  jlngnun,  Ideut.-Colonel  C,  W.  Bradfoid-place,  Penarth. 
.853.  JIkgbam,  J.  K,,  LL.D.,  M.R.I.A.,  Senior  Lecturer  in  the  Univei- 

sity  of  DuUiu.     2  WelUngton-road,  Dublin. 
886.  tlngnm,  William,  M.A.   Gamrie,  Banff. 

886.  iJnJif«,  John.     The  Limf,  Alcenter  Road,  ifotfley,  Birmitiifkani, 
.888,  Iloakip,  J»mes.     (Uiflou  Park,  Clifton,  Bristol. 
892.  \lreland,  D.  W.     10  South  Grai/  Strett,  Edinburgh. 
t.  t^rvine,  James.     Devonskire-road,  Birkenhead. 
!.  IlrviuB,  Robert,  F.RS.E.     Rovston,  Granton,  Edinburgh, 
!.  SlBnns,  ReT.  A.,  B.A..  D.Sc.,  F.G.S.    Hockerill  Vicarago,  Bishop's 

Stortford.  Herte. 
i.  'Isaac,  J.  F.  V.,  B.A.     Roi/at  York  Hotel,  Brighton. 
t.  XlsAiBTWQoA,  James.    18  York-road,  Birkdale,  ISouthport. 
..  t/sAt^uro,  Itoji.   Care  of  the  Jnpaneie  Legati<m,9  CaEatduk-tqaare,}!^. 
1886.  jlzod,  Willian.    Churcb-road,  Edgbastoc,  Binuingham. 

(Jack,  Jo]in,U.A.  BelbelTie-bv-Whitecaims,  Aherdeenahire. 
(Jack,  Peter.  People's  Bank,  Halifax,  Nova  Scotia,  Canada. 
•Jack,  William,  LL.D.,  Professor  of  MathematicB  in  tlie  University 

of  Gla^on-.     10  The  College,  Olaqpw. 
'Jackson,  Professor  A.  H.,  B.Sc.      35ti   Collios-sti'eet,   blelboume, 

Auetrnlia. 
'iJaclu<m,  Frank,     11  Park-cretceiit,  SiMtAport. 
*Jnckson,  Frederick  Arthur.    Penalva  Itanche,  MillarviUe,  Alberta, 

■     Calgary,  N.W.T.,  Canada. 
•Jackson,  P.  J.     42  Whitworth-atreot,  Manchester, 
tJackaon,  Mra.  F.  J.     42  Whilworth-«treet,  Mant^hester. 
jjackaon,  Goofirey  A.     31  Harrington-gardens,  Kenaingfoo,  S.W, 
(Jackson,  Henry.     10  Golden-square,  Aberdeen, 
j Jackson,  H.  W.,  F.RA.S.    67  Vpgato,  Louth,  Lincolnshire, 
jjackson,  Jamea,  F.R.Met.Soc.     34  lonsdale-square,  N. 
•Jackson,  Sir  John.     3  VictAria-atmet,  S.W. 
{Jackson,  Moses,  J.P.     The  Orcharda,  Whitcliurch,  Hants. 
SJacobson,  Natbanifl.     UUve  Mount,  Cbeetham  HiU-roadL  Man> 

cheater. 


d2 


Google 


LIST  OF  MEMBERS. 


•Jaffe,  John.    ViUa  Jaffa,  88  Prom,  dee  Anglaii,  Nice,  France. 

'Jaffiay,  Sir  John,  Bftrt.     Park-grove,  Edgtaston,  Krmiiigliaia. 

.801.  IJamea,  Artlitu'  P.     Qrove  House,  Park-grove,  Canliff. 
'""l.  •Jamee,  Oharles  Heorj-.     64  Park-place,  Cardiff. 

..  'JameH,  CharlaB  Russell.     8  New-court,  Lincoln's  Inn,  W.G. 
I.  {James,  Edward  H.    Wooddde,  Plymouth. 
I.  tJameB,  Frank.    Portland  House,  Aldridp:e,  near  Walsall. 
1891.  JJamea,  Ivor.     Univeraty  CoUege,  Cardiff. 

XJamei,  John  Herbert.     Howard  House,  Aricndetslreet,  Strand,  W.C. 
t  James,  J.  R.,  L.RO.P.     163  Oowbridge-road,  Canton,  Cardiff. 
JJames,  O.  S.    1D2  Jarvia-atreet,  Toronto,  Canada. 

858.  t  James,  WiUiam  0.     Woodside,  Hymouth. 

'896,  'Jamesun,  H.  Lystei:     Killencoole,  Caitlebellingham,  Ireland. 
'"    I  Jameaon,  W.  C,    48  Baker-street,  Portman-square,  W. 

iJamieson,  Andrew,  Principal  of  the  College  of  Siuence  and  Arts, 
Glasgow. 

.887.  tJaraieson,  G.  Auldjo.    37  Diumslieugh-gaidens,  Edinbni)^. 
1885.  iJamieson,  Thomas.    178  Uoioa-atreet,  Aberdeen. 

859.  *Jamieson,  Thootss  F.,  LL.D.,  F.O.S.    Illon,  Abeideenshiie. 

889.  'Japp,  F.  R.,  M.A.,  Ph.D.,  LL.D.,  F.RS,,  V.P.&S.,  ProfeMOi  of 

Chemistry  in  the  University  of  Aberdeen. 
896.  'Jarmay,  Gustav.     Hartford  Lodge,  Hartford,  Chasbira. 
.870.  :tJarrold,  John  James.   London-street,  Norwich. 
1891.  IJefferies,  Henry.    Plas  Nawydd,  Park-road,  Penartb. 
.866.  "Jefiray,  John,     fl  Winton-drive,  Kelvinsidfi,Glaiigow. 
1897.  IJeflrey,  E.  C,  B.A.     The  Univeisity,  Toronto,  Canada. 
.867.  tJefIreys,Howel,M.A.    tilBedford-gardenB,Kensington,W. 
""'    tJelly,  Dr.  \V.     Aveleanna,  11,  Valencia,  Spain. 

^Jenkins,  Henry  C,  Assoc.M.List.C.E.,  F.C.S.     Royal  Collage  of 
Science,  South  Keneington,  S.W. 
87.1.  5 JenMng,  Major-Qeneral  J.  J.     10  St.  James's-equare,  S.W. 
"30,  'jBiTKiHa,  Sir  Johk  JoifBS.    The  Grange,  Swansea. 

10.   §Jenkins,  Colonel  T.  M.     Glan  Tivy,  Westwood-road,  SouthaioptoiL 
1.852.  IJeunings,  Francis  M.,  M.R.I.A.     Brown-street,  Cork, 

>3.  jjenoings,  G.  E.    Glen  Helen,  Narborough  UMd.  LeicaBt«r. 
1897.  H Jennings,  W.  T.,  M.IustCE.    Molson'a  Bank  Buildings,  Toninto, 

i.  XJephio-i,  Henri/  L.     Chief  Secretary' i  Ogk*,  The  Cattle,  Dublin. 
).§§ Jep8on,  Thomas.  Evington, Northumberland'^treet,  Higher Broogh* 

ton,  Manchester. 
■.  I Jbrvis-Smith,  Rev.  F,  J.,  M.A.,  F,R.S.    Trinity  UoUage,  Oxford. 

Jesaop,  William.    Oveiton  Hall,  Ashover,  Obeeterfield. 
I.  JJevons,  F.  B.,  M.A.    The  CaaUe,  Durham. 
900.  "Jevons,  H.  Stanley.     05  Victoria  Road,  Cambridge. 
1884.  JJewell,  Lieutenant  Theo.  F.     Torpedo  Station,  Newport,  Bhod* 
Island,  U.S.A. 
XJohn,  E.     Cowhridge,  Cardiff. 
.884.  fJohns,  Thomas  W.    Yarmouth,  Nova  Scotia,  Canada. 
884.  tJoHNSoiT,  Albxaitdeb,  M.A.,  LL.D.,  Professor  of  Mathematics  a 
McGill  Universi^,  Montreal.     5  Prince  of  Wales-teirace,  Mont- 
real, Canada. 

.883.  [Johnson,  Miss  Alice.  LlandaffHouue,  Cambridge. 
'"""    iJohnsou,  Ben.     Micklegate,  York. 

'Johnson,  David,  F.O.S.,  F.Q.S.     1  Victoria-road,  Clapham  Commoa. 
S.W. 

SeS.  XJohnstm,  Edmund  Litkr.     73  Albert  Hood,  SautAport. 
865.  •Johnson,  G.  J.    36  Waterloo-street,  Birmingham. 


LIST  OF  MEHBEnS.  58 

1888.  tJoluMn,  J.  a.    Southvood  Court,  Ifighgate,  N. 

1670.  |JoIiiiion,IUchBrdO.,  F.R.A.S.     46  Jermjn-Btreet,  Liverpool. 

1868.  tJolmSDn,  R.  S.    Hanwell,  Fence  Hotues.  Durham. 

1861.  t  Jol"iM°<  ^it  Scimuel  Oeorge.    Municipal  Office^  Nottingham. 
1890.  ■JoBXBOir,  Thomas,  D.Sc.,  F.L.S.,  Proleseor  of  Botany  in  the  Rojil 

Oollege  of  Science,  Dublin. 
1888.  'Johnson,  W.  Claude,  M.Ingt.O.E.     The  Difrnaries,  Blackheath,  S.E. 

1887.  t  Johnson,  W.  H.     Woodleigh,  Altiincham,  Cheehire. 
1883.  tJohnson,  W.  H.  F.     Llandaff  House,  Cambridge. 
1883.  tJohnWD,  William.    Harewood,  Koe-lane,  Soutbport. 

1861.  tJohasoD,  William  Deckett.    Woodlandi  Dank,  near  Altrincham, 

Cheahire. 
180&.  IJohnaton,  Colonel  Duncan  A.,  R.E.  Ordnauoe  Survey,  Southunpton. 
1883.  JJOHSWOK,  Sir  H.  H.,  K.C.B.,  F.R.G.S.    Queen  Anne's  Mannons, 

8.W. 

1869.  tJobnston,  James.     Newmill,  Elg^,  N.B. 

1664,  jjohnston,  James.    Manor  House,  Nortbend,  Hampetead,  N.W. 
1684.  IJohnston,  John  L.    37  St.  PetsMtreet,  Montres],  UaDsda. 

1883.  j Johnston,  Thomas.    Broomslei^,  Seal,  Sevenooks. 

1884.  tJohnston,  Walter  R.    Fort  Qu^AppeUe,  N.W.  Territory,  Canada. 

1884.  'Johnston,  W.  H.    County  Oflicea,  Preston,  lAocaahire. 

1885.  tJororsToir-LATis,  H.  J.,  M.D.,  F.Q.S.    Beauliea,  Alpes  Maritimea, 

1686.  JJohnstone,  G-.  H.    Northampton-street,  Birminpham. 
1864.  JJolly,  Thomas.    Park  View-Tillss.  Bath. 

1871.  JJoLLT,  William,  F.RjS.E.,  F.G.S.  St.  AndcewVroad,  Pollok- 
shielde,  Ol^ow. 

1888.  JJoUy,  W.C.    Home  Irfs,  LansdoTOne,  Bath, 

1896.  VotT,  C.  J.,  M.A ,    The  Obj-ervatory,  Duneiak,  Co.  Dublin. 

1888.  IJOLT,   JOHH,    U.A.,    D.Sc.,    F.R.S.,    Professor   of   Geology   nnd 

Mineralogy  in  the  UniTersity  of  Dublin. 
18S8.  JJones,  .■Ufred  L,     Care  of  MeBsra,  Elder,  Dempster,  &  Co.,  Liverpool. 
IStJl.  tJmea,  Alfred  OrJando,  M.D.     Cardigan  Villa,  Barrogatt. 
1887.  :tJones,  D.  £.,  B.Sc.,  R.M.  Inspector  of  Schools.    Science  and  Art 

Department,  South  Kensington,  S.W. 

1890.  {Jokes,  Rev.  Edwahs,  F.O.S.     Primrose  Cottage,  Embsay,  Skipton. 

1891.  jJones,  Dr.  Evan.    Aberdare. 

1896.  jJones,  E.  Taylor.    UniversitT  College,  Bangor. 

1887.  JJones,  Frania*,  F.B.S.E.,  F.O.S.  Beaufort  Hoase,  Alexandra  Park, 
Manchester. 

leei.  ■JoKBs.Rav.O.HAsm-ELL,  M.A.   Nutfield  Rectoty,  Redhill,  Suner. 

1883.  'Jones,  Oeorge  0]iv«r,  M.A.  Inchyra  Honse,  21  Cambridge  Roaa, 
Waterloo,  Liveipool. 

1806.  JJones,  Hony.    Engineer's  OfEce,  Great  Eastern  Railway,  Ipswich. 

1877.  JJones,  Henry  C,  F.C.S.  Royal  College  of  Science,  South  Kensing- 
ton, S.W. 

1881.  'JoifEB,  J.  ViRiAinr,  M.A.,  B.Se.,F.R.S.,  Principal  of  the  University 
College  of  South  Wales  and  Monmouthshire,  Cardiff, 

1873.  JJones,  Theodore  B.    1  Finsbury-circus,  £.C. 

1880.  JJones,  Thomas.    16  Gower-street,  Swansea. 

1800.  JJoxBs,  Thokas  Rupert,  F.R.S.,  F.G.S.     17  Parson's  Green,  Fu]. 

bam,  S.W. 
1696.  {Jones,  W.     Hope  Bank,  Lancaster-rood,  Pendleton,  Manchester. 
1883.  JJones,  William.     Elsinore,  Birkdxlp,  Southport. 

1801.  JJbnwi,  WiUiam  Lesta:     22  SeiBport-road,  Cardiff. 
1^76.  'Jose,  J.  £.    40  Whit«chapel,  Liverpool. 

1684.  JJoaeph,  J.  H.    788  Dorebwtei-street,  Montreal,  Canada. 


,  V,  Google 


84  LIST  OF  M£UB&ItS 

T«MO[ 

KlMUon, 

1891.  :tJoiliam,  F.  H.    Penarth. 

1891.  tJotham,  T.  W.     Penylfin,  Cardiff. 

1W8.  tJowitt,  A.     Scotift  Works,  Sheffield. 

1890.  :tJowitt,  BeiiBon  R.     Elmhuist,  Newton-road,  Leeds. 

1872.  Joy,  Alfremon.     Junior  United  Service  Clnb,  St.  James's,  %'W, 

1883.  |Joyce,  Bev.  A.  Q.,  B.A.     St.  John's  Oroft.  Wiucheatw. 

1«86.  tJoyce,  The  Hon.  Mrs.    Sl  John's  Croft,  Winchester. 

1806,  IJojee,  Joshua.     161  Walton -street,  Osford. 

1801.  jjoynes,  John  J.    Great  Wfistem  Colliery,  near  Coleford,  GloDceet«r- 

1848.  'Jiilib,  Abroham.     Snlifax: 

1870.  JJcDD,  Jom  WsaLBT,  C.B.,  F.R.S.,  F.Q.S.,  Profefwir  of  Geology  in 

tbe  RoTfl]  College  of  Science,  Loodon.    -I-l  Cumberland-road, 

Kew.    ' 
18B3.  tJustice,  Fbiljp  Middletoo.     14  Soutbampton-buildinin,  ChaDceir- 

lane,  W.C. 


1888.  tK&PP,  Gisbert,  M.Inst.C.E.,  M.IoBtE.E.    3  JJndeoaltee,  Westend, 

Berlin. 
1884.  JEeefer,  Samuel.     Brockville,  Ont&rio,  Canada. 
I87G.  tKeeling,  George  William.     Tutbill,  Lydney. 

1886.  iEeeii,  Arthur,  J.P.    Sandyford,  Augustue-rond,  Krmingham, 
1884.  XKe'-nf,  Captain  C.  T.  P.,  F.Z.S.     11  Qiiem-i-gaU,S.W. 

1894.  IKeightley,  Rev.  G.  W.     Great  Stambridgp  Rectory,  Roehforf, 

Easei. 
1892.  XKfillfr,  Atej-ander,  M.D.,  LL.D.,  FR.S.E.     54  Northumberland- 

Btreet,  EdiiJntrgh. 
1878.  'Eelland,  W.  H.    North  Street,  Exeter. 
1884.  lEeUogg,  J.  H.,  M.D.    Battle  Creek,  Michigan,  U.S.A. 
1864.  "Kellv,  W.  M.,  M.D.    Ermingtoo,  Taunton,  SomerHSt. 
]  885.  SKeltie,  J.  Scott,  LL.D.,  Sec.  B.U.S.,  F.S.S.    1  Sayile-row,  W. 
18J7.  'Kbltim,  The  Right   Hon.   I<nrd,  G.C  V.O.,  M.A,,  LL.D.,  D.C.L.. 

F,RS.,  F.R.S.E.,  F.RA.S.    Nelherhull,  U^  Ayiahire. 
1877.  "Kftlvin,  Lady.    Netherhall,  Lwrgs,  Ayrshire. 

1887.  t^mp,  Harry.    66  Wilbrabam-road,  Chorlton-eDm-Hardy,  Han- 

1898.  'Kemp,  John  T.,  ftf.A.    01  Cotham  Brow,  Bristol. 

1884.  tKemper, Andrew 0.,A.M.,M.D.    101&oadw»y,Cincini»ti, U.S.A. 

1890.  SKempson,  Augustus.    Kildare,  17  Arundel-ro«d,  Eastbourne. 

1891.  SKbhdall,  Percy  F.,  F.G.S.,  Professor  of  Geoli^y  in  Yoriuhire 

College,  Leeds. 

1875.  IEekkbdi,  Alkxahser  R  W.,  F.R8.,  M.Inst.C.E.     17  \Tctoria- 

street,  S.W.,  and  1  (jueen  Aune-street,  OaTendisb-square,  W. 
1897.  5 Kennedy,  George,  M. A.,  LL.D.   Crown  Lands  Department,  Toronto, 

Canada. 
1884.  tKeunedy,  George   T.,  M.A.,   F.G.S.,  Professor   of  Chemistry   sod 

Geolog7  in  King's  CaWe^,  Windsor.  Notb  Scotis,  Canada. 

1876.  tKennedy,  Hugh.     20  Mirklacd-atreet,  Glasgow. 

1884.  :|:Eenaedy,  John.    113  UnirerutT-street,  Montreal,  Canada. 

IS^.  tKennedy,  William.    Hamilton,  Ontario,  Canada. 

1897.  XEenrick,  Frank  S.     Knefebecketr.  Siii.,  Chartottetihurg,  Berlin. 

1886.  {Keurick,  G«orge  Hamilton.    Whetstone,  Somereet-road,  Edgbaatcm, 

Birmiugham. 
1893.  SKbht,  a.  F.  Stahlbt,  M.A.,  F.L.S.,  F.G.S.,  Professor  of  Phyno- 

logy  in  University  College,  Bristol. 
J886.  ^Eenward,  Jahbs,  F.S.4.    43  Streatfaapi  Highroad,  S.W. 


Google 


1867.  'Ker,  Andrf  Allen  Murray.    NewUiss  House,  Newbliss,  Ireland. 
1876.  tK«,  "WiOiam.     1  WindBor-terrace  West,  Gliwgow. 
1881.  IKebmods,  Fbtlip  M.  C.    Hillside,  RamKy,  Isle  of  Man. 
1864.  lKeiT,JMnes,  hr.D.    Wi'miipeg.'CNMda. 

1887.  JEerr,  James.    Dunkenhitlgh,  Acciiueton. 

1883.  JKhbe,  Rht.  Jows,  LL.D.,  F.R.S.    Free  Church  Training  College, 

Qlaagow. 
1682.  tKen,  J.  Gmhun.    Christ's  College,  Cambridge. 
'""^.  tKerry,  W.  H.  It.     The  SycamoreB.  Windermere. 

'.  tKerahaw,  James.    Holly  HouBe,  Bury  New-road,  Manchester. 
J.  'Eeaaelmeyer,  Oharlea  A.    Rose  Villa.  Vale-road,  Bowdon,  Cheebire. 
1860.  'KeBeelraever,  William  Johaniiea.      liivington    View,  Hale  Road, 
Bowdou,  Oheehire. 
•Keynes,  J.  N.,  M.A.,  D.Sc.,  F.S.S.    6  Harvey-road,  Cambridge. 
1876.  tKidatoD,  J.  B.     CO  West  Keg«nt-Btreet,  Olssgow. 
'888.  JKiDBTOs,  Robert,  F.R.S.E.,  F.G.S,    12  Clarendon-place,  Stirlinf(. 
.897.  JKielielly,  Dr.  John,  LL.D      46  Urper  Mount-etreet,  Dublin, 
ass.  •Kilgour,  Alexander.     Loirston  Houaa,  Covb,  near  Aberdeen. 

•Killey,  Oeorge  Deane.     Bentuther,  11  Victoria-road,  Waterioo, 
Liverpool. 

1890.  tKimmins,  C.  W.,  M.A.,  D.Sc.    Downing  College,  Cambridge. 
.878.  tEinabtm,  Sir  Edward  Hudson,  Bart.    11    Merrion-square  North, 

Dublin. 
860.  XKniiSAJS,  Q.  Hbxky,  If.R.I.A.    DuMin.     . 

•Kman,    Edward,    P.O.S.     Royal    AgricultursJ    College,    Ciren- 
cester. 

1888.  tEing,  Austin  J.    Wiosley  Hill,  Limpley  Stoke,  Bath. 

1888,  "King,  E.  Powell.    Wtunsford,  Lymington,  Hants. 
•King,  Francis.    Alabama,  Penritn.  • 
•King,  F.  Ambrose.    Avimside,  Olifton,  Bristol. 

1809.  tKiKO,SLrQEOE0B,K.C.I.E.,F.R.S.   Careof MesarH.Grindlay &Co,, 

65  Parliamenl^trBef,  8.  W. 
871.  "King,  Rev.  Herbert  Poole.    The  Rectory,  Stourton,  Bath. 
.855.  tKing,  Jomes.    Levemholme,  Hnrlet,  Glaflgow. 
.883.  'King,  John  Godwin.     Stonelands,  ^%  est  Hoatbley. 
870.  JKing,  John  Thomson.     4  Ciay ton- square,  L:;Terpool. 
"""    'King,  Joseph.    Lower  Birtlev,  Witlej,  Godaifming. 

'King,  Mervyn  Kersteman,     Alerchants'  lloll,  Bristol. 

"King,  Percy  L.     2  Worcester-aveoue,  Clifton,  Jtristol. 
1870.  I  King,  William.     5  Beach  I^wn,  Waterloo,  Liierjiool. 

1889.  jKing,  Sir  William.     Stratford  Lodge,  Soutbsee. 
1807.  i:Kingsmill,  Nicbol.    Toronto,  Canada. 

1876.  JKniozBrT,  Charles  T.,  F.C.S.    Elmstcad  Knoll,  Cbialehurst. 
.867.  ^Einloch,  Colonel.     Kirriemuir,  I.iOgie,  Scotland. 
.893.  JKinnear,  The  Hon.  Lord,  F.K.8.E.    U  Moray  PL.ce,  Edinburgh. 
— I.  'KiPPiifo,  Professor  F.  Staslbt,  D.Sc,  PIi.D.,  F.U.3.    Univeraity 

College,  Nottingham, 
899.  "Kirby,  Miss  0.  F.     74  Kensington  Parlt-road,  W. 
899.  'Kirby,  Miss  M.  A.  Field  House.  Richmond  Road,  MontpeUer,  Bristol. 
1870.  tKitehener,  Frank  E.     Newcastle,  Staffordshire. 
'880.  'EiTSOK,  Sir  Jakes,  Bart.,  M.P.    Gledhow  Hall,  Leeds. 
886.  JKlein,  Rev.  L.  M.  de  Beaumont,  D.Sc.,  F.L.S.     6  Devonshire-rood, 

Liverpool. 
,886.  IKnight,  J,  McK.,  F.G.S.     Bushwood,  Wanstead,  Esaei. 
1808.5SKHOCKEH,  Sir  E.  Woli.abtos,  K.C.B.     (:;aatle  Hill  Hoose,  Dover. 
tSnott,  Professor  CJ8rgiUG.,D.8e„F.R.Sj;.     42  Upper  Gray-Street, 

Edipburgh. 


n,gti7cdT:G00glc 


LIST  OF  MEMBEBS. 


'.  *Knott,  Herbert.    Aingftrth,  Staljbridge,  OheabiM. 

■.  'Enott,  John  F,     Gbn-j-Coed,  Oonwsy. 
___.'.  tKnoU,  Mrs.     Glan-r-doed,  Conway, 

iS74.  tKJiowlea,  Williain  Jamas.    Mixton-place,  BaUjmeoA,  Co.  Antrim. 
897.  :tKii(»ltOD,  W.  H.    38  King-acrMt  Eut,  Toronto,  Cuudt. 
""■'    tKnffiDlt(i,  Hev.  C.  SesketA.     Tie  Rtetory,  Soe-lane,  Soutkpart. 
XKnowlifi,  Mri.  C.  Hesktth.     Tfi4  Seetoiy,  Jtoe-iane,  Sout^Kirt, 
1876,  JKnoi,  Dftrid  N.,  M.A.,  M.B.     24  Elmbwii-craecent,  QlMgoir. 
'.  'Knubley,  Rot,  E.  P.,  M.A.     Steeple  Ashton  Viciri^^,  Trowbridge. 

1.  JKnnhley,  Mrs.    Steeple  Adhton  VicBroge,  Trowbridge. 
802.  tKoHN,  CstsLEB  A.,  Pb.D.    20  MnlgraTa-etreet,  Liferpool. 
.898.  lErtuu,  A.    Hawthomden,  Priory-nwd,  Tyndall's  Park,  Clifton, 

Bristol. 
.890.  'KrauM,  John  Samuel,  B.A.    Hodnet,  Salop. 
—   •Kuns,  G.  F.    Care  of  Messrs.  Tiffany  &  Co.,  11  Uaion-Moaie,  Naw 

York  City,  U.S.A. 
870.  tE7naBton,Joaiah'W.,F.C.S.   3  0«k<terntce,  Beech-street,  LItvi^ooL 

.868,  X^-^^i  FrandH  Joha.    Stone  Qapp,  OnM»~hill,  Leads, 
.881,  tLaflamme,  Rot,  Professor  J.  C.  E.    Laval  UniveTrnty,  Qnebec 
.886.  'Laing,  J.  Gerard.    Ill  Church-street,  Ohelsea,  S.W. 
,887.  tl^ird,  ProfeswT  O.  J.     Wesley  College,  'Wmnip^,  Canada. 
.877.  JLake,  W.  C,  M.D.    Tdgnmouth. 

1868.  tLalor,  John  Joseph,  M.K.I.A.     City  Hall,  Cork  Hill,  Dublin. 
!889.  'Lamb,  Edmund,  M.A,    Borden  Wood,  Lipbook,  Hants. 
1887.  ILaxs,  Hosace,  M.A.,F.RS.,  Professor  of  Pnre  Mathemadcs  in  tba 
Owens  College,  Manidkester.    6  WilbrahMt-rood,  FallcnrfiAld, 
MaacheBt«r. 
'.  JLanA,  James.    Kenwood,  Bowdon,  Cheshire. 
_  _  J.  ILamb,  W.  J.     11  Gloucester-road,  Birkdale,  Soutbport. 

883.  }LAiuBKT,Bev.BBDOXD,LL.B.    The  Vicarage,  Greenwich,  8.E. 
1890.  ^Lambert,  Frederick  Samuel.    Balgowan,  Newland,  Lincoln. 
69.3.  (Lambert,  J.  W.,  J.P.    Lenton  Firs,  Nottingham. 

884.  ^Liunbom,  Robert  H.    Montreal,  Canada. 

i803.  tl'AMFLUOH.G.  W.,F.G.S.    Geologioal  Surrey  Office,  Jermyii-«treet 
8.W. 
^Lamport,  Edward  Parke.    Greenfield  Well,  Lancaster. 
1884.  t^fuicaeteT,  Alfred,    f^rn  Bank,  Burnley,  Lancasliire. 
'871.  tLauCBSter,  EdwMd.    Eareefoith  Hall,  Bamsley,  Torkshire. 
886.  {Lancaster,  W.  J.,  F.G.S.    Colmote-row,  Krminghsm. 
.877.  tLsndon,  Frederic  Qeoige,  M.A.,  F.R.A.S.    69  TremlliaD^tad,  St. 

John's,  S.E. 
1883.  ^La3ig,  Bev.  Gavin.     Mayfield,  InverneaB. 
''""'    tLang,  Rev.  John  Marshall,  D.D.    The  University,  Aberdeen. 
*Lang,  William  H.     10  Jedburgb-gardens,  Eelvinside,  Glasgow. 
■LiMSMT,  J.  N.,  M.A.,  D.8c.,  F.B.S.    Trinity  College,  Camhridgfc 
.870.  tl*ngtOE,  CharieB.     Barkbill,  Aigburth,  Liverpool, 
"""i,  JLaxxbbibb,  E.  Rat,  M.A.,  IX.D.,  F.R.S.,  Director  of  the  Natonl 
History  Museum,  Cromwell-road,  S.W. 
).  •LiirBDBij.,KeT.HKHHi,D.D.,F.R.A.S.,F.B.G.S.    MordenCoU(^, 
Blackheath,  London,  S.E. 
884,  SLanza,  Professor  G.    Massachusetts  Institute  of  Tecbnok«T,Ba«toB, 
TJ.S.A. 
t^appa^'  ^''  ^^-    ^1  HBT<Murt>«treet,  Dublin. 
.886.  tL^^woBTH,  Cbakles,  LL.D,,  F.A.S.,  F.O.S.,  Profbsaor  of  Geology 
and  Phyaiography  in  the  Mason  Unifersi^Cdl^;e,B'~"~~* 
^  Puchem-rosd,  Edgbaston,  Birmingham, 


,  V,  Google 


LIST  OF  MEMBERS. 


1887.  tl^finort  Alexander.    OUie  College,  Cftmbridge. 

1861.  iLABi[OB,JoeBPH,U.A.,D.Sc.,F.R.S.  St. John's OoU^, Ounbridga. 
1883.  SLascellss.  B.  P.,  M.A.     Longridge,  Hwrow. 
1896.  'LMt,  'WUliftm  J.     South  KeneingtoE  MuMUin,  I^ndon,  S.W. 
1870.  'Latkam,  Baldwis.  M.Inst.O.E.,  F.Q.S.     7  WestminBtOT-chamberi, 

Westminalar,  S.W. 
1000.  $Lftuder,  Alexander.    TJnivemty  College,  Buigor. 
1870.  tLaughtoD,  John  Knox,  M.A.,  I\R.Q.S.    &  Pep/fr-ioad,  Wimhledoii, 

1891.  tLanrie,  A.  P.    Heiiot  Watt  CoUwe,  Edinburgh. 
1693.  SLaurie,  Malcolm,  B.A^  B.Sc.,  F.L.8.,  Frofeseor  of  Zoology  in  St. 
Mango's  Oollege,  Qlaagow. 

1888.  tl^uris,  Oolonel  R.  P.,  G.B.    79  Farringdon-stmt,  E.G. 

1863.  tLaurie,  Major-OeiieTal.    Oakfield,  Nova  Scotia,  Canada.' 
1670.  *Lsw,  GhBimell.    lUham  Dene,  Torquay. 

1678.  ILaw,  Henrj,  M.lDBt.C.E.    8  Victona-chambera,  S.W. 
1684.  SLbw,  Robert,  F.Q.S.    Feunjrojd  Hall,  Hipperbolroe,  near  Halilax, 
Yorkabire. 
'    1870.  ^Lawrence,  Edward.    Aigburth,  Ijverpool. 

1881.  JLawrence,  Rev.  F.,  B.A.     The  VicHrage,  Westow,  York. 

1900.  5L«wT8nce,  W.  Trevor,  Ph.D.    67  Prince'a  Gate,  S.W. 

1886.  ILawb,  W.  G.,  M.IiiBt.C.E.    66  Osborae-road.  Nevrcaslle-npon-T;ne. 

1886.  JLftwaon,  JameB,     8  Chureh-etreet,  Iluntly,  N.B. 

1888.  iLayard,  Miai  Nina  F.    3  PBrk-place,  Fonnereau-road,  Ipswich. 

1866.  tLea,  Henry.     38  Bennett'a-hill,  Birmingham. 

1883.  *Leach,  Charles  Catterall.    Seghill,  Northumberland. 

167e.  JLeach,  Colonel  Sir  Q.,  K.O.B.,  R.E.    6  Wetherby-gardens,  S.W. 
1894.  *Leahy,  A.  H.,  M.A..  Professor  of  Mathematics  in  Firth  Collega. 
02  Ashdell-road,  Sheffield. 

1864.  'Leahy,  John  White,  J.P.    South  Hill,Emamey,  Ireland. 

1884.  ILearmoitt,  Joseph  B.    130  Mnckay-etreet,  Montreal,  Canada. 

1864.  Leavitt,  Erasmus  Darwin.  2  Oentfal-square,  Cambiidgeport,  Mns- 
aacbusetts,  U.S.A. 

1872.  JLkbodb,  G.  A.,  M.A.,  F.G.S.,  Professor  of  Geology  in  the  Col- 
lege of  Physical  Science,  Newcastle-on-Tyne. 

1884.  }Leckie,R.G.    Spriugbili,  Cumberland  Coauty,  Nova  Scotia,  Canada. 

1886.  'Ledger,  Rev.  Edmund.    Prot«d,  Woods-road,  Reigat«. 

1888.  SLbb,  Abtbifb,  J.P.    10  Berkeley-square,  Clifton,  Bristol. 

1861.  XLee,  Henry.     Stdgelei/  Park,  Manchester. 

1896.  SLee,  Rev.  H.  J.  Banim,    14  Higher  Park  View,  Heavitree,  Exeter. 

1891.  iLee,  Mark.     The  Cedars,  Llandaff'-road,  Cardiif. 

1894.  'Lee,  Mrs.  W.    Asbdown  House,  Forest  Row,  Sussex. 

1884.  'Leech,  Sir  Bosdin  T.     Oak  Mount,  Timperley,  Cheshire. 

1896.  'Iieecb,  Lady.    Oak  Mount,  Timperley,  Cheshire. 

1893.  *Lbbs,  CBAsmn.,B.Sc.    Osborne,  Belgrave-rood,  Oldham. 

1886.  'Lees,  Lawrence  W.    Old  Ivy  House,  TettenbalJ,  Wolverhampton. 

1888.  t-^-f,  -fl-  ^-     Moira-place,  Southampton. 

1868.  tLeee,  William,  M.A.     13  Momingside-ploce,  Edinburgh. 
1886.  }Leea,  William.     10  Norfolk-etreet,  Manchester. 
'Leeee,  Joaeph.    3  Lord-street  West.  Southport. 

1889.  'Loeeon,  John  Rudd,  M.D.,  O.M.,  F.L.S.,  F.G.S.    Clifden  House, 

Twickenham,  Middlesex. 
1881.  JLb  Fbdtbr,  J.  E.    Southampton. 

1872.  tLiFBTBB,  The  Right  Hon.  G.  Shaw.    18  Bryanston- square,  W. 
1868.  tLe  Grice,  A.  J.    Trereife,  Penzance. 
1602.  }Lebfeldt,  Robert  A.    28  South  Molton-straet,  W. 
1868.  tl^OKSTKB,  Tfae  Right  Hon.  the  Earl  of,  E.G.    Holkham,  Noifi^, 


C( 


..-^„ 


1656.  tLxioE,  The  Right  Hon.  Lord,    Stoaelmgli  Abbey,  Eenilworth. 
1891.  ILeigh,  W.  W.    Treharris,  R.8.0,,  GUmorganriiire, 
1867.  tifiVftmon,  Jamm.     finteacre  Hnll,  lavei-pooi. 
1859.  fLeith,  AlexMider.    Glenkindie,  Inverkiiidie,  N.B. 

1882.  JLemoii,Jame!i,M.Inat.O.B.,l'.G.tH.  LftiiFdowneJIoiige.Soiithainpton. 
1867,  JLenK,  Sir  John,  M.P.    'AdTertieer'  Office,  Dundee. 

1878.  JLennon,  Kev.  Fnocia.    The  Collefre,  MiiTTiootb,  iTsland. 
1887.  'Leon,  John  T.     38  Portland-place.  W. 

1871.  JLlohard,  Hl-gh,  .M.R.I.A.    l'4  Mount  Herri on-n venue,  Blackrock, 

Co.  Dublin. 
1874.  iLtjipfr,  Charlf   iV.     Laurel  Lodge.  Bft/ast. 
1684.  ^IxMAge,  LoniE.    City  Hall,  Montre^,  Canada. 
1800.  "Lester,  Joeepb  nenr\-.    Eoyal  Exchange,  Mancbester. 

1883.  §LeflMr,ThomM.     Fir  Bank,  Penrith. 

1880.  JLbtchkb,  R.  J.    lansdowne- terrace,  ^Yalte^s-road,  SwAnaett. 

1894.  JLeudesdorf,  Charles.     Peinbrolie  College,  O\ford. 
1600.  §Lever,  W.  H.    Port  Sunlight,  Ohesbire. 

1887,  'I^vinetein,  Ivan.    1  lawkesmoor,  Fallowfield,  Mancfaeater. 

1800.  5LeTy,J.H.  U  AbbeTille-road,  Clapham  Park,  S.W, 

1893.  'Lewes,  VrviAS  B.,  F.O.S..  ProfeBsor  of  Chetnietry  in  tbe  Boj-al 
Naval  College,  Greenwich,  S.E. 

1879.  tl^win.  Colonel,  F.R.O.S.    Garden  Comer  House,  Chelsea  Embaitk- 

ment,  S.W. 

1870.  ILewib,  Alprrd  Lionel.    64  Ilighhurv-hill,  N. 
1891.   {Lewia,  D.,  J.P.     44  Park-place,  Oardift 

1891.  5Lewi9,ProfessorD.Moipin,MA.   Univemty Collie, Aberystwyth, 
1890.55LewU,  Profo!«or  E.  P.     UniverBit>-  of  California,  Berketov,  U.S.A. 

1897.  $Lewi8,  R«v.  J.  Pitt,  M.A.    RoBsin  House,  Toronto,  Cana'da. 
1890,§SLen-is,  Thomas.     9  nubert-terrace,  Dover. 

1891.  ^Lewi'i',   H".     Lt/ncombe  Vil/n,  CoKbi-idgt-road,  Cardiff". 
1891.  JLewis,W.    aaDuke^treet,  Cardiff. 

1891.  jI^wJB,  W.  Henry.     Bryn  lihos,  Llanishen,  Cardiff. 

1884.  'Lewis,  Sir  W.  T.,  Bart."    The  Mardy,  Aberdare. 
1878.  JLancolne,  William.     Fly,  Cambridge »hire. 

1871.  JUndsav,  Rev.  T.  M.,  M.A.,  D.D.    Free  Church  College,  Glaspiw. 

1898,  JLippincott,  R.  C.  Cann.    Over  Court,  near  Bristol. 
1883.  ILisle,  H.  Claud.    Nantwich. 

1895.  'Lister,  The  Right  Hon.  Lord,  F.R.C.S.,  D.C.L.,  F.R.S.     12  Ptek- 

crescent,  Portland-place,  W. 
1688.  JLiBTBR,  J.  J.,  M.A.,  F.Il.a.    Leytonstone,  Essex,  N.E. 
1861.  'Livi;iKo,G.D.,M.A.,  F.R.8.,V.P.G.8.,Profee8orofCheiniatryintlie 

Univereitv  of  Cambridge.    Newnham,  Cambridge. 
1876.  •LivBRSiDtiE,  ABCHiBALD,  MA.,  F.R.S.,  F.O.S.,  F.G.S.,  F.R.a.a, 

Professor  of  Chemistry  in  tbe  Universitv  of  Sydney,  N.S.W. 

1880.  tLuwELTN,  Sir  John  T.  V'.,  Bart,,  >1.P.    Penllegare,  Swansea. 
1866.  JLlovd,  G.  B.,  J.P.    EdHrhnston-grnve,  Birmingham. 

]8.'!5.  tLlo'vd,  J;An.     Queen'*  CUIege.  JSirminghnm. 

1886,  tLloyd,    J.    Henry,      Femdale,    Carpnter-road,    Edgbaston,    Kp- 
mintrbam. 

1801.  'Lloyd,  R.  J..  M.A..  D.Litt.,  F  R.S.E     49a  Grove-street,  Liverpool. 
1886.  tLloTd,  Samuel.     Farm,  Sparkbrook,  Birrninghain. 

1865.  "Lloyd,  'Wilson,  F.R.G.S,    Turk  Lane  HoMe,  Woodgreen,  Wed- 

nesburv. 
1807.   $Lloyd-Verney,  J  H.     U  Hinde-street,  Mancheater-sqtiaie,  W. 
1864,  'LoBLF.i,  James  Looan,  F.G.S.    City  of  London  Colle^,  MooigatC' 

Birest.  E.G. 

1892.  SLocb,  0.  8.,  B.A.    16a  Bnckingham-street,  W,0. 


,  V,  Google 


1867.  -Locke,  John.    144  St  Olnf  s-rood,  Fulhain,  S.W. 

1882.  tLockhait,  Robert  Arthur.     10  Pol  wart  li-teiraoe,  Edinbuifrh. 
1863.  JLooETHB,Sir  J.  NoBMAir.K.O.B.,  F.B.B.    Rojal  College  of  Science, 

South  EenBiiwtos,  S.W. 
1000.  JLockyer,  W.  J.  S.     ]«  Peoywarn  Rond,  South  Kensington,  S.W. 
1886,  'LorsE,  Alfred,  M.A.,  ProfeMor  of  Pure  Mathematics  in  the  Royal 

Indian  Civil  Enginfeermg  (Jollece,  Cooper's  HilT,  .Staioeg. 

1875.  'LOMB,  OLmiH  J.,  D.Sc,  LL.D.,  F  Ji.S.,  Principal  of  the  University 

of  Itirmingham. 
1894.  'Lodge,  Oliver  W.  F.     i!21)  Ilagley  Road,  I  tinning!  lam. 

1880.  ^lo^u,  Wtlliam.    Langley  Park,  Durham. 
1806.    Lomas,  J.,  F.a.S.    13  .Moss  Grove,  Birkenhead. 

1690.     Loncq.  Emile.    6  Rue  de  la  Plsine,  LaoD,  Aiane,  France. 

1876.  (Long,  H.  A,     Urisbane,  Queensland. 

1883.  Long,  William,     Thelwall  Heys,  near  Warrington. 
1883.  tLong,  Mrs.     Thelwali  Heys,  near  Warrington. 
1883.  tLong,  Miss.    Thelwali  Heya.uear  Warrington. 
1866.  :  LoQgdoD,  Frederick.     Osmaaton-road,  Derby. 
I88S.  tl>M>ge,  Francis  D.     Lowestoft. 

1898.  Longftelil,  Misa  Gertrude.    High  Halaton  Rectory,  Rochester. 
1883.  XL&ngmaid,  WilliaTn.  Henri/.     4  Kaicliiuon-road,  Soiithport. 

1876.  'Longstaff,  George  Hondell,  M.A.,  M.D.,  F.C.8.,  F.S.S.    Highlande, 

Putney  Heath,  S.W. 
1872.  'Lonjretaff,  LleweUyn  Wood,  F.R.G.S.    Ridgeknds,  Wimbledon, 

1881.  'Longstaff,  Mrs.  LI.  W.    Kdpelands,  Wimbledon,  Sun-ey. 

1899.  •Longstuff,  Tom  «.,  R.A.,  F.RMrt.Soc.    Ri'lgelnnds,  Wimbledon, 

1883,  •Longton,  E.  J.,  M.D.     Brown  Ilouse,  Blawith,  nVi  Ulverston. 

1861.  'Lord,  Edward.    Adamrovd,  Todmorden. 

1894.  JLord, Edwin C.E.,Ph.D."  247  Washington-atteet.Brooklyn, U.S.A. 

1889.  JLord,  Riley.    75  Pilgrim -street,  Newcartle-upon-Tvne. 

1807.  tLoVBOir,  James,  LL.D.,  President  of  the  I'niveisity  of  Toronto, 
Canada. 

1883.  'Louis,  D.  A.,  F.C.S.     77  Shiriand-gardena,  W. 

1806.  JLouis,  Henry,  Profeesor  of  Mining,  Durham  College  of  Science, 

Newcastle-on-Tvne. 
1887.  'Love,  Professor  A.  K.  H.,  M.A.,  F.B.S.    34  St.  Margaret's  Road, 

Oxford. 
1886.  -Love,  E.  F.  J.,  M.A.    The  University,  Melbourne,  Australia. 
1876.  'Love,  Jamee,  F.R.A.S.,  F.G.S.,  F.Z.g.    3.1  Clanricarde-gardens,  W. 
1883.  tLove,  James  Alien.    8  Eastbourne-road  West,  Soutbport . 
189a.  JLovibond,  J.  W.     Salisbury,  Wiltshire. 
1889.  JLow,  Charies  W.     84  Weatbotirne-tcrrflce,  W. 
1867,  'Low,  James  F.     Seaview,  HpniBetb,  by  Dundee. 

1885.  SLowdell,  Sydney  Poole.     Baldwin's  Hill,  East  Grinstead,  Suesai, 
ISfil.JJLowdon,  John.     St.  Hilda's,  Barrv,  Glamorgan. 

1886.  'Lowe,  Arthur  C.  W.    Gosiield  Ila'U,  Ilalstead,  Essex. 
1802,  tLowe,  D.  T.    Heriot's  Hospital,  l-Minburgh. 

1886.  'LowB.JohnLandor,  BSc.,M.Inat.CE.  Sirathavon,Kedle*ton  Road, 

1894.  ILowenthal,  Miss  Nellie.     60  New  North-road,  Huddersfield. 

1881.  JLubbock,  Arthur  Rolfe      High  Elms,  Faniborough,  R,8,0,,  Kent. 

1881.  ILubbock,  John  B.     14  Berkeley-street,  W. 

1870.  JLubbock,  Montague,  M.D.     19  Groavenot^slreet,  W. 

1880.  JLuflw,  John.     1  Carlton-terrace,  Low  Fell,  Gateshead. 

J878.  jLucaa,   Joseph.     Tooting  Graveney,  S.W, 


n,g  -ccT'GoOgIc 


LSIT  OF  MEMBERS. 


1880.  ILuckloj,  Gaorge.    The  Grove,  JeemoDd,  Nevcactle-npon-Tjne, 
1891.  'Lneorich,  Count  A.    Tbe  Rise,  Llaadatf. 

1881.  tLuden,  0.  M.    4  Boothua-tarrace,  York. 

18S>7.  tLuiMden,  Qeor^  E.,  F.K.A.S.     67  Elm-»venue,  Toronto,  Caniida. 
1866.  'Lund,  Charles.     Ilklej,  Yorkshire. 

1873.  }LiiDd,  Joseph.     Ilk-ley,  Yorkshire. 

1600.  'Luodia,  Cornelius,    32  NewpoTt--road,  Oardiff. 
1802.  :tLunn,  Robert. '    Geological  Sarve;  Office,  Sheriff  Court  House, 
Kdinburi^. 

1853.  tLimn,  WiUiam  Joseph,  M.D.    23  Charlotte-street,  HulL 

1883.  'Lupton,  Arnold,  W.Inst.C.E.,  F.G.S.,  Professor  of  Coal  Mining'  in 

Yorkshire  Collejre,  Leeds.     6  De  Grej-road,  Leeds. 

1874.  •LuPTON,  SyDNKT,  M.A.      102  Park  Street,  (Irosienor  Square,  W. 
1000.  JLuPTOS,  William  (!.     Mayor  of  Bradford. 

1864.  'Lutley,  John.     Brockhampton  Pork,  Worcester. 

1898.  §Luxmoore,  Dr.  0.  M.    Reading  Coll^^,  Reading. 

1871.  JLyell,  Sir  Leonard,  Bart.,  M.P.,  F.G.S.    48  Eaton-place,  S.W. 

1  H.90.5SLyk,  Professor  Thomas  R.     The  University,  Melbourne. 

1884.  {LrmftD,  A.  Clarenre.     84  Victoris-street,  Montreal,  Canada. 

1884.  ILJman,  H.  II.     74  McTaTish-atreet,  Montreal,  Canada. 
1874.  tLynam,  Jamea.     Ballioasloe,  Ireland. 

1885.  JLyOD,  Alexander,  juu.     62  Oarden-place,  Aberdeen. 
1896.  ILyster.  A.  G.    Dockyard  Ooburp  Dock,  Liverpool. 

1863.  •Lrra,  F.  Maxwtxl,  M.A.,  F.G.S.     60  Finborough-ioad,  S.W. 

1854.  'Macadam,  Stevexsoit,  Ph.D.,  F.R.S.E.,  F.I.C.,  F.C.S.,ProfeB9or  of 

Ohemiatrv.    Siirf^ons'  Tlall,  Edinburgh ;  and  Brighton  Hoose, 

Portobelfo,  Edinburgh. 
1870.  •Macadam,  Willum  Ivison,  F.R.S.E.,  F.I.O.,  F.0.8.    Surgoona' 

Hall,  Edinburgh. 
1868.  JMacalister,  Axesadsbb,  M.A.,  M.D.,F.R.S.,  ProfeMor  of  Anntomj 

in  the  UniverBit^  of  Cambridge.    Torrisdale,  Cambridge. 

1878.  JMacAlisier,  DosALD,  M.A.,M.D.,B.Sc    St.  John's  College,  Cam- 

1896.  jMaealister,  N.  A.  S.     2  Gordon -street,  W-C. 

1897.  JMcAUister,  Samuel.     99  VVilcoi-street,  Toronto,  Canada. 

1896.  SMacailum,  Professor  A.  B.,Ph.D.    60  St.  George  Street,  Toronto, 
Canada. 

1879.  SSIacAndrew,  James  J.,  F.X.S.     Lukealand,  Ivybridtre,  South  Devon. 

1833.  JMacAndrew,  Mrs.  J.  J.     Lukosland,  Ivybridge,  South  Devon. 

1883.  SMacAudrew,  William.     Westwood  House,  near  Colchester. 
1806.  'M-Arthur,  Akiander.     79  Holland-park,  "VV. 

1806.  JMcArthur,  Charles.     ViUa  Marina,  New  Brizhton,  Cheehire. 

1884.  tMacarthur,  D.    Winnipeg,  Canada. 

1806.  'Macaulay,  F.  S.,  M.A.     10  Dewhurst-road,  W. 

1834.  Macaclay,  Jambs,  A.M.,  M.D.    4  Wynnslay-gardens,  W. 

1806.  JMacHridb,  Profes.«or  E.  W.,  M.A.    McGiU  University,  Montreal, 

Canada. 
1884.  tMcOabe,  T.,  Chief  Examiner  of  Patents.      Patent  Office,  Ottawa, 

Canada. 

1886.  IMacCarthy,  Rev,  E.  F.  M.,  M.A.    03  Hagley-road,  Binningham. 

1887.  'McCarthy,  James.     Bangkok,  Siam. 

1884.  'McCarthy,  J.  J.,  M.D.    83  Wellington-road,  Dublin. 
1884.  tMcCausIand,  Orr.    Belfast. 

1891.  'McClbax-,  FRANr,  M.A.,  LL.D.,  F.R.S.,  M.Inrt.O.E.     Rastliall 
HouBB,  Tunbridge  WeUa. 


n,g  -ccT'GoOgIc 


LIST  OF  MEMBERS. 


1876.  'MKilBLLAXD,  A.  S.    4  Crowii-«ardeiis,  DowanMllfGlavow. 

1888,  IM'OLDrroox,  Admiral    Sir   Fbancis  L.,  RN.,   K.O.B.,  F.RS., 

F.RG.S.    United  Service  Olub,  Pall  MaU,  S.W. 
1872.  'McClure,  J.  H.,  F.R.G.S.      Whitton,  Preteol. 
1878.  •M'Oomas,  Hanry.     Pembiwlie  IIouBe,  Pembroke  Bond,  Dublin. 
1892.  •McCowan,  John,  M.A.,  D.Sc.     Hendarson  Street,  Bridjre  of  Allan. 

N.B. 
1692.  JMcCrae,  George.    3  Dick-place,  Edinburgli. 
1888.  {AfcCVDMon,  Jamtt.     92  Bmkisimi-ttr^t,  Liverpool, 
1889.{5McDiannid,  Jabez.    Tbe  Elnu,  Staomore,  Middlesex. 
1900.  SMacdoDald,  J.  R.    S  Lincoln's  Inn  Fields.  W.C. 

1880.  'MacDonald,  Mrs.  J.  R.    3  Lincoln's  Inn  fields,  W.C. 

1866.  tHcDonald,  John  Allen.    Hillsboro'  House,  Derhj. 
1684.  tMacDonald,  Kenneth.    Town  Hall,  Inverness. 

1664.  'McDonald,  Sir  W.  G.    891  Sberbrooke-Btreet,  Montreal,  Canada. 
1884.  lUacDonnell,  Mrs.  F.  H.  1433  St.  Catlierine-streeC,  Montreal,  Canada. 
HaoDonnell,  Hercules  H.  G.    2  Eildare-place,  Dublin. 

1883.  tMacD(»me«,JSeo.  CanonJ.C.,Z).Z»,  Mttterton Rectory, Lutterworth. 
1864.  tMcDongall,  John.  86  St.  Francis  Xaviei^street,  Moutnal,  Canada. 
1897.  tMcEwi-n,  William  C.    9  South  Cbarlotte-stnct,  Edinbuigh. 

1881.  JMacfarlane,  Alexander,  D.Sc.,  F.R.S.E.,  Profeasor  of  Physics  in  the 

Universitv  of  Texas.    Austin,  Texas,  U.S,A. 

1886.  tMacfarlane,  J.  M.,  D.Sc.,  F.R.S.E.,  Professor  of  Biol^  in  the 
University  of  Pennsylvania,  Lansdowne,  Delaware  Co.,  Penn- 
sylvania, U.S.A. 

1897.  tUcFarlane,  Murray,  M.D.    32  Carlton-atreet,  Toronto,  Canada. 

1878.  {Macfarlane,  Walter,  jun.    13  I^edocb-creicent,  Qlawow. 

1867.  'M-Qavin,  Robert.    Ballumbie,  Dundee. 

1897.  JMcGaw,  Thomas.    Queen's  Hotel,  Toronto,  Oaoada, 
1888    tMacGeorgB,  James.     67  Marloea-road,  Kensington,  W. 
1864.  tMacGillivray,  James.    42  Cathcartrstreet,  Montreal,  Canada. 

1884.  JMacGoun,  Archibald,  jim.,  B.A.,  B.C.L.      Dunavon,  Westmoant, 

Montreal,  Canada. 
188C.  XMaegrtgor,  Alexander,  M.D.     S56  Vniim'ttreet,  Aberdeen. 
1884,  •MAoGKMOB,jAi<MGoRjwir,M.A.,D.Sc.,F.K.8.,F.RS.E.,  Professor 

of  Fhy^cs  in  Dalhousia  Collars,  Halifax,  Nova  Scotia,  Canada. 

1866.  tM'Gregoi^Robartson,  J.,  M.A.,  M.B,    26  Buchanannrtreet,  HilUiead, 

OIb^ow. 

1867.  •McIntobh,W.C.,M.D.,LL.D.,F.B.S.,F.R.S.E.,F.L.S.,  Professor 

of  Natural  History  in  the  University  of  St.  Andrews.    2  Abbott-  * 
ford-crescent,  St  Andrews,  N.B, 
1864.  tMcIntyre,  John,  M.D.     Odiham,  Hants. 

1883.  tMack,  Isaac  A.    Trinity-road,  Bootle. 

1884.  JMacKay,   A.  II.,  B.Sc.,   LL.D.,    Superintendent    of   Education. 

Education  Office,  Halifax,  Nova  Scotia,  Canada. 

1886.  JMAOKAr,  JoKS  Yvlb,  M.D.,  Professor  of  Anatomy  in  Unirersity 

College,  Dundee. 
1897.  tMcKay,  T.  W.  G.,  M.D.    Oahawa,  Ontario,  Canada. 
1896.  'McKechnie,  Duncan.    Eccleeton  Grange,  Preaton. 
1873.  JMoKBjnuiiOK,  Jokk  G.,  M.D,,  LL.D.,  F.Ra,  F.RS.E.,  Profetaor 

of  Pbyrioloffy  in  the  University  of  Glaagow.    2  Florentine* 

gardens,  Gla^w. 
1883.  tMc^ndrick,  Mrs.     2  Florentine-gardens,  Qla^ow. 

1887,  {UcKenzie,  John  J.    61  MaiUson-avenue,  Toronto,  Canada. 
1664.  tMoKeniie,  Stephen,  MJ).    26  flnsbury-circus,  E.O. 

1864.  iHcKenzie,  Thomas,  6.  A.    School  of  Sdence,  Toronto,  Canada. 
1863,  iMackeson,  Henry.    Hytbe,  Sent. 


n,g  -ccT'GoOgIc 


6d  LIST  OF  llEHBEBS. 

Ymot 

KkcOoB. 

1872.  "MMkey,  J.  A,    175  Grange-roBd.S.E. 

1867,  tMACKiB,  SuccEL  JosBPH.    17  Howlej-place,  W. 

1884.  tMi^EitlinsD,  John  B.    387  MuD-etroet,  Wiampe|t,  Cuiadft. 
Irt87.  I.\UcKINDEB.  [I.  J.,  M.A.,  F.K.G.S.     Cliriat  Church,  Ojtforf. 
18G7.  'Mackiulav,  David.     (!  Great  Wustsm-Wrrace,  HiUhead,  Olugow. 
1(<91,  iMackinlosh,  A,  0.     88  Pi_»mouth  Koad,  Penarth. 

I860.   JMackni^fht,  .\laiaoder.     20  Albany-atreet,  Edinburgh. 

1872.  'McLiCHLiS,  RoBBBT,  F.R.S.,  F.L.S.     West  View,  CUrendoD-road, 

LewiahBm,  H,E. 

1896.  tMBcl8)iftn,  Miss  Christian.     Raveiiscroft,  Stirling. 

1893.  tM<^i''K<"'i  Philip  R.  D.    St,  Catberine's,  LiliertoD,  Midlothiaa. 
1893.  IMaclagan,  R.  Crw.  M.D.,  F.R.S.E,    6  Coates-creuenr,  Edinbiugti. 

1873.  {McLandaboTough,  John,  F,R.A.S.,  F.G.S.    Manningham,  Bradford, 

Yorkehii*. 

1885.  •M'lAEKS,  The  Hon.  Lord,  F.B.S.E.,  F.R.A.8.     46  Moraj-place, 

Ediobargh. 
1860.  JMackren,  Archibald.    Suniinertown,  Oxfordshire. 

1897,  IMacLaren,  J.  F.     S80  Victoria -at  rent,  Toronto,  Canada. 

1873.  JMaclAren,  Waiter  S.  B.     Xawiuglon  House,  Edinburgh. 

lt<97.  JMxsl-ttren,    Rev.    Wm.,    D.D.      67    St.    George-atreet,    Toronto, 

Canada 
1892.  •Maclean,  JIasnub,  M.A.,  D.Sc.,  F.R.S.E.,  rLocAL   Secretart.) 

Professor  o!  Elettriral  Engineering,  Technical  Collego,  Glasgow. 
1884.  JMcLonnan,  Frank.     317  Dniminnnd-atreet,  Montreal,  Canada. 
1884.  IMcLennan,  Hugh.     317  Drummond- street,  Montreal, Oanada. 
1884.  tMcLennan,  John.     Lancaater,  Ontario,  Oiiuada. 
186ti!  5,McLw)i),  Herbert,  F.R.S.,  Profesaor  of  Ohemistry  b  tiw  Royal 

Indian  Civil  EngiineeriaK  College,  Cooper's  Hill,  Stunea. 
1893    IMacleod,  W.  Bowman.     10  George-square,  Edinbar)(h. 
ISOl'.  'ilaclure.  Sir  John  William,  Bart.,  M.P.,F.R.G.S.,F.S.S.    Whalley 

Range,  MaDchester. 
1S83.  'McMAHoa,  Lieut.-Geueral  0,  A.,  F.R.S.,  F.G.S.    20  Ne\-«m-s<iuu«, 

South  Eenaington,  S.W. 

1883.  tMACSlAHON,  Major  I'ercv    A.,    R.A.,   F.R.S.    52  Sltafteabury- 

1878.  'li'l^ter,  George,  3I.A,,  J. P.    Bathminee,  Ireland. 

1874.  tMacMordie,  San*,  M.A.     8  Dunegall-ttreet,  lielfatt. 

1884.  JMcMurrick.   J.    I'laj-fair.      Univei-Mty   of    Michjgao,   Ann   Arbor, 

Hichifmn,  U.S,A, 
1867.  jM'Kcill,  John.     Bulhousie  House.  Perth. 
1878.  iMacnic,  Qcorp'e.     5!)  llnlton-street,  Dublin. 

I887!  iMaconoehie,  A.  W.    Care  of  Jlessvs.  Mncouochie  Bros.,  Lowestoft. 
1883.  iMacpherson,  J.     44  Frederick-street,  Edinburgh. 

•MaoROBI,  Edmuiii),  MA.    19  Pembridge-sqaare,  W. 
1887.  tMacy,  Jesse.     GrinnuU,  Iowa,  U.S.A. 
1883.  tM&ilden.  W.H.    Marlborouuh  College,  Wilts. 
l!<83    jMuirgSj  Thomas  Charles,  F.G.S.  56  Clareodoo-Tillas,  West  Brighton. 
1868!  tMapnav,  F.  A.    Drayton,  uear Norwich. 

1675.  'MASsrs,  Sir  Pkilip,  B.Sc.     10  Gloucealer-terrace,  Hyde  Park,  "W. 
ISOb!  t^Ii^r**^'  '^I'O'Q^  Philip.    EastBeld.  Lodge-lane,  Liverpixd. 
1878'  IMahony,  W.  A.     34  CoIlcgo-grBen,  Dublin. 
1887.  t^'I^np"'*'  ^^'^'  ^'     Longcroft,  Altrincham,  Ohetbiie. 
1883    jMaitland,  P.  C.     136  Great  PortUnd-*treet,  W. 
1899!5§il»'"nii'*>  Saleem.    '  Al  Mokattain,'  Cairo. 
1881.'  iMalcolra,  lieut-OoIonel,  R.K.     72  Nunthorpe-roftd,  Yod(. 
I874!  tMali»lmB"n.  .\.  B.     Friends'  Institutu,  Belfoat. 
18(Ji)!  IMaliiij.'.  C  T.    14  EiIi.«>ii-plaw,.Ni;wcaatle-upou-Tyi». 


,  V,  Google 


1867.  JMaiow,  John  Williasi,  Ph.D.,  M.D.,  F.R.8.,  F.O.S.,  PiofeSBor  of 
Chemistiy  in  the  Univareity  of  Vii^inift,  Aib*iiuile  Co., 
U.S.A. 

1806.  *Manhr4,  Akxwidre.     15  AleiaQiira-drive,  LiverpooL 

1887.  IMakcb,  Sir  II.  G.     3a  Earl's  Court^uare,  S.W. 

1887.  tMiNCHBSTBB,  The  Kght  B«v.  the  Lord  Kehop  of,  D.D.    Bieho|/B 

Oourt,  Mancheater. 
1870.  tManifol'^i  ^-  ^i  ^-^^    ^  Bodcey-atraet,  Uverpoo], 
1885.  XAfaiin,  Oeoi-ffe.     72  Son  Accord-»traet,  Aberdeen. 

1888,  tMani,  W.  J.     Rodney  Housh,  Trowbridge. 
1684.  tlttanniDg,  Percy,  M.A.,  F.S.A.     Watford,  Hei-ta. 
1864.  iManBel-Pleydell,  J.  C,  F.Q.S.    Whaccombe,  Blandford. 

1888.  tMiBBBBSH,  Jambs,, M.Inst.C.E.,  F.G.S.    fi  Victciia-atreet,  "West- 
minster, S.W. 
1891.  JManuel,  Jamea.     175  Newport-coad,  Cardiff. 
1887.  'Maroh,  Henry  Collay,M.D.,  F.S.A.   Portesham,  Doroheeter,  Dorset^ 

1870.  tMarcoftrta,  His  Eicellency  Bon  Arturo  da.     Madrid. 

18B8.  'Mardon,  Haber.     3  Li tfi eld-place,  Olifton,  Briatol. 

laOO.  SMargeriBOn,  Samuel.    Cakerley  Lodge,  neav  Leeds. 

1887.  IMargelaon,  J,  Charles.     The  Rocka,  Limplej,  Stoie. 

1883.  JMarginaon,  James  Fleetwood.     The  Moimt,  Fleetwood,  Lancashire. 

1887.  tMarkham,  Christopher  A.,  F.R.Mel.8oc.    Spratton,  Northampton. 

1884,  JMABKHAM,  Sir  CLBMEirrs  R.,  K.CB.,  F.R.S.,  Prea.B.a.S.,  F.S.A, 

21  Eccleston-aquare,  S.W. 
1894.  tilfarAof,  Dr.  Aiiatolim.    44  Jlfwewn-rfi-eef,  W.C. 

1863.  JMarley,  John.     Mininit  Office,  Darlington. 

1888.  tMarling,  W.  J.    Stanley  Park,  Stroud,  Gloucestershire. 
1888    tMarlintr,  lAdy.    Stanley  Park,  Stroud,  QJoncesterehire. 

1881.  'MiBR,  J.  E.,  M.A.,  F.R.8.,  F.O.S.     St.  John's  College,  Oamhridge. 
1S87,  JMaradan,  Benjatnin.    WeatieigU,  Heaton  Mereey,  Manchester, 
1S84.  'Mareden,    Samuel.     1015    North    I*ffingwell-avenue,  St.  I»ais> 

Missouri,  U.S.A. 
T882,  •Maroden-Sraedley,  J,  B.    Left  Green,  Cromford,  Derbyshire, 
1883.  "Marsh,  Henry.    6  Ladywood-road,  Boundhay,  Leeds, 

1887.  JMarah,  J.  E.,  M.A.     Tha  Museum,  Oxford. 

1864.  tMarsh,  Thomas  Edward  Miller.     37  Grosvenor-place,  Bath. 

1889.  'MiBSttALL,  Altbbd,  M.A.,  LL.D.,  Professor  of  Political  Economy 

in  the  University  of  Cambridge.    Ralliol  Croft,  Madingiey-road, 
Cambridge. 

1888.  XManhaU,  Frmik,  n.A.     31  f'ro^iymr.pli/ce,  N<.-wcietlr-upoa-Tffru. 
1892.  SMarshftU.    Hugh,    D.Sc.,  F.RS.E,     131    Warrender    Park-road, 

Edinburgh. 
1800.  tMatshall,  John,    Derwent  Island,  Keawick. 
1881.  \MartliaU,  John  Ingliam  Ffi-rby.     28  St.  .Saohin-gale,  York. 
IHSe.  •JLiRshiArx,  Wir,i.UMB.\vr.BV,  M.lusl.CE.  Richmond  Hill.Edgbos' 

ton,  Birmingham. 
1849.  'Mabbhall,  William  P.,  M.Inst.C.E.,  Richmond  HUl,  Edgbaston, 

Krnuoghain, 
1865.  5MARTKN,  EnwARD  BiNDoir.    Pedmore,  near  Stonrbiidge. 
1809.  SMartin,  Miss  A.  M.     Park  View,  Bayham-toad,  Save 
1891,  "Martin,  Edward  P.,  J,P.    Dowhiis,  Glamo^an, 
1887.  'Martin,  Rev.  11.  A.    Grosvennr  Club,  London,  S.W. 
1884.  SMartin,  N,  H.,  J.l'.,  F.L.S.    Ravunawood,  Low  Fell,  GaleBbeBd-ou> 

Tyno. 
1889.  'Martin,    Thomas    Henry,    .\3S0c,M,Iii8t.C,E.     Northdeoe,    New 
..   Bwoflt,  Herts,  .    , 

n,gti7ccT:G00glc 


LIST  Of  UEMBEBS. 


1600.  SMartiudale,    William,    F.L.S.      19    DeTonahire-nrMt,  Portlud- 

pLwe,  W. 
166G.  tMardDeau,  R.  F.    18  Hkhfield-road,  Edgbuton,  ffimii^ham. 
1863.  tMARWTOK,SirJ.D.,LL.D.,F.R.S.E.  (Locax  SncEBuKi.)  OlMgow. 
1891.  tMaiTchurch,  J.  Q.    46  Park-street,  Cardiff. 
1873.  'Mabhah,  Lord.    Swlnton  Park,  Swinton. 
1847.  tMiaKEtTKB,  Netil  Stokt,  M.A,,  F.RS.,  F.G.S.     Buset  Down 

House,  SnindaD, 
1886.  JMftson,  Hon.  J.  E.    Fiji. 

1879.  tlUaion,  Jatnes,  Af.D.     Montqomtry  Houte,  SkrMeld. 

1886.  IMaeon,  Philip  B.,  F.I..S.,  F.Z.S.    Burton-oD-Trent, 

1893.  'Mason,  Thomas.     Enderaleigh,  Alexandra  Park,  Nottingliam. 
1801.  'MaaBay,  William  H.,  M.Inat-O.E.     Twyford,  R.S.O.,  Berkshira. 
1885.  {Maaaon,  Orue,  D.Sc.    Univemty  of  Melbourne,  Vicioria,  Anstnlia. 
1808.  IMaaterman,  A.  T.    University  of  St.  Andrews,  N.B. 

1883.  tMather,  Robert  V.    Blrkdale  Lodge,  Birkdale,  Southport. 

1887.  ■Mather, William,M.P,,M.liuit.G.E.  Sairordlron'Worbi.Maiichester. 
1800.  JMathera,  J.  S.     1  Hanover- square ,  Leeda. 

1885.  JMathews,  C.  E.      Watarloo-street,  Kmungbam. 

1898    ^Mathews,  E,  H.  Norria.     Cotham-road,  Gotham,  Bristol. 

1894.  JMathbwb,  G.  B.,  M.A.,  F.RS.     10  Menai  View.  Bangor. 
1865.  'Mathews,  G.  S.    32  Augustus-rood,  Edgbaston,  Birmingham. 

1880.  tMathewB,  John  Hitchcock.     1  Queen's^ardens,  Hyde  Park.W. 
1861.  •Mathhwb,  Whjjah,  M.A.,  F.G.S.    21  Augustna.road,  EdgbaatoD, 

Birmiofrham. 

1881.  JMatbwin,  Henry,  B.A.    BiekertoD  House,  Southport. 
1883.  IMathwin,  Mra.     40  York-Toad,  Birkdale,  Southport. 
1868.  JMatthewa,  F.  C.    Mandre  Works,  Driffield,  Yorkahiro. 
188C.  JMaithbws,  Jajcw.     Springhill,  Aberdeen. 

1886.  ^Matthews,  J.  Dancan.     Springhill,  Aberdeen. 

1800.  SMatihbwb,  ■WiLLiAJi,C.M.G.,  M.Iuflt.O.E.  0  Victoria-street,  S.W. 
1893,  tMavor.Profesaor Jamee,M.A.,LL,D.  UniveratTofToronto, Canada. 
1806.  'Maw,  Qeorse,  F.L.S.,  F.Q.S.,  F.S.A.  Benthall,  Kenley,  Suircir. 
-~ -    "■        "     ■■"        ■  " 3,Vf. 


1894.  JMa^m,  Sir  Hiram  S.     18  Queen's  Gate-place,  Ken 
1876.  \Ma.iton,  John.     0  Belgravt-terracr,  Olatgow. 
1887.  iMaxwell,  James.     20  Princeef-streef,  Manchttter. 

'Maxwell,  Robert  Perceval.     Finnebrogue,  BowtipatricL 
1883.  SMay,  William,  F.G.S.    Northfield,  St.  Mary  Gray,  Kent. 
1883.  IMftyall,  George.    Clairrille,  Birkdale,  Southport. 
1S84.  'Mayburv,  A,  C,  D.Sc,    10  Bloomsbury-equare,  W.U. 

1878.  'Mayoe,  Thomas.    33  OasUe-street,  Dublin. 

1871.  JMeikle,  Jamefl,F.S.S.     6  St.  Andraw's-aquare,  Ediubutgh. 

1870.  5MeJkleiohn,  John  W.  S.,  M.D.     105  Hofland-road,  W. 

1887.  iMeischke-Smith,  W.     Rivala  Lumpore,  Salengore,  Straita  Settto- 

188L  'MEtDOLA,  Raphabi^  F.R.S.,  F.R.A.S.,  F.O.S.,  F.IC,  FrofeBaoror 
Chemistry  in  the  Finabury  Technical  College,  ISt;  ud  Gnildx 
of  London  Inatitute.    6  Brunawick-square,  W.C. 

1867.  tMELDKUif,  Charlm,  C.M.G.,  LL.D.,  F.RS.,  F.R.A.8.  UniwrM^ 
Hall,  Riddle's  Court,  Edinburgh. 

1883.  tMellie,  Rer.  James.    23  Park-street,  Southport. 

1879.  •MelUsh,  Henry.    Hodsock  Priory,  Worksop. 

1866.  IMbllo,  Rev.  J.  M.,  M.A.,  F.G.S.    Mapperley  Vicarage,  Derby. 
1883.  {Mello,  Mrs.  J.  M.     Mapperley  Vicarage,  Derby. 

1806.  SMeUor,  O.  H.    Wealon.  Blundell  Sands,  Liverpool. 
1881.  §MelTose,  James.    Clifton  Croft,  York. 

1867.  IMelvill,  J.  Cosmo,  M.A.    Eersal  Cottage,  Preetwioh,  H 


C.ooglc 


LIST  OF  MEMBERS. 


1847.  XMetvitle,  Frqfeuor  Akxander  Gordon,  M.D.  Quetn't  CoUega, 
Oalway. 

1868.  tUelnn,  Alexander.    42  Buccleueh-plAce,  Edinbur^. 

1896.  tMeDHMT,  R.  R;  Care  of  Messra.  OriudlaT  &  Oo.,  Parliament-street 
S.W.  ' 

1863.  JltbinnLL,  Hramr  T.  St.  I>aiiBtan's-buildingB,  Great  Tower-atreet. 
E.O. 

1879.  JMiKiTitB,  JoHwHBMfAjfjM.A,    Togston  Hall,  AcklinirtoD. 
1809.  "Meirett,  William  II.     Roynl  Mint,  Tower  Hill,  E. 

1880.  tMerrj,  Alired  S.     Bryn  Heulo^,  Sketty,  near  Swansea. 
1899.  SMerrjwefttheT,  J.  C.     4  Whitehall-court,  S.W. 

1689.  *Merz,  John  Theodore.    The  Quarriex,  Newcastle^poii-Tvnc. 
1803.  IHeaieDt,  P.  T.    4  Northumberland-terrace,  Tyiiemoutli. 
1696.  JMetzler,  W.  II.,  IVofessor  of  Mathematica  in  Sjraciue  UniTersity, 
Syraciwe,  New  York,  U.S.A. 

1869.  JMiALL,  LoniB  C,  F.R.S.,  F.L.S.,  F.G.S.,  Profe»or  of  Biology  in 

the  Yorkshire  Oollee«,  Leeds. 
18S6.  {Hiddlemore,  Thomas.    Hollowaj  Head,  IMrraingliam. 
1866.  tMiddlemore,  William.    Edg-baeton,  BirmiiU'iiain. 
1681.  'Middlesbrough,  The  Right  Kev.  Richard  Xacj,  D.D.,  Bishop  of. 

Middlesbroush. 
1693.  SHiddleton,A.     26  Lister-gate,  Nottinghaio. 

1881.  JMiddleton,  R.  Morton.  F.L.S.,  FXS.    46  Windsor-road,  Ealing,  W. 
1894.  *MiEBS,  H.  A.,  M,  A.,  F.RS.,  F.G.S.,  Professor  of  Mineralogy  in  the 

University  of  Oxford.  Magdalen  Coilege,  O.vford. 
1889.  JMilbam,  John  D.  Queen-atreet,  Newcastle-upon-Tyne. 
1886.  {Milea,  Oharles  Albert.     Buenos  Ayres. 

1881.  |Miles,  Mokri3.     Warboume,  Hill-lane,  Southampton. 

1886.  SMql,  Hdsh  Robbrt,  D.Sc,,  P.E.S.E.,  F.R.G.S.  23    Gloucester- 
place,  Portman-square,  W, 
1889.  'Millar,  Robert  Goekburn.    30  York-place,  Edinbunrh. 

Millar,  Thomas,  M,A.,  LL.D.,  F.R.S.E.     Perth. 
1876.  XMilUr,  Georye.     Brentry,  near  Bristol. 

1896.  J  Miller,  Henry,  M.Inst-C.E.  Boamere  llouaa,  Norwich -road,  Ipswich 
1888.  iMiller,  J.  Bruce.    Rubislaw  Den  North,  Aberdeen. 
1886.  {Miller,  John.    9  Rubielaw-terrace,  Aberdeen. 
1886.  tMiUer,  Rot.  John,  B.D.    The  College,  Weymouth. 
1861.  'Millei,  Robert     Totteridge  Honsa,  Hertfordshire,  N. 

1896.  §Miller,  Thomas,  M.Inst.C.E.    9  Thoroughfare,  Ipswiclt. 
1884.  IMiller,  T,  F.,  B-Ap.Sc.    Napanee,  Ontario,  Canada. 
1876.  JMiller,  Thomas  Pateiaon.    Cairns,  Cambuslang,  N.B. 

1897.  JMiller,  WiUet  Q.,  Professor  of  Geology  in  Queen's  UniTersity, 

Kingston,  Ont«rio,  Canada. 
1868.  'Mills,  EnnTrifD  J.,  D.Sc.,   F.RS.,  F.O.S.,  Young  Professor  of 

Technical   Chemistry  in  the  Glasgow  and   West  of  Scotland 

T«chiucal  College,  Glasgow.    60  John-street,  Glasgow, 
1880.  tSElls.  Manafeldt  H.,  M.InstO.E.,  F.G.S.     Sherwoo«i  Hall,  Mana- 

fiald. 
1866.  JWhie,  Alexander  B.    40  Albyn-place,  Aberdeen. 
1682.  •MnjtB,JoTnf,F.R.S.,F.G.S.  Shide  Hill  HonBe,Shide,  Isle  of  Wight. 
1886.  JMilne,  WiUiam.     40  Albp-place,  Aberdeen.  " 

1808.  'Milner,  S.  Roslington,  B.Sc.    University  College,  Sheffield. 

1882.  JMilnes,  Alfred.  M.A.,  F.S.S.    22a  GolfUiurst-terrace,  South  I&ino. 

stead,  N.W.  ^ 

1880.  JMiKCHiK,  G.  M.,  M.A.,  F.R.S.,  Profeeaor  of  Mathematics  in  the 

Royal  Indian  Engineering  Coll^,  Cooper's  Hill,  Surrey. 
1866.  tMirrlees,  James  Bochaiuui,    46  Scou«iid-«tt«et,  Glasgow. 
1000.  1 


n,gti7cdT:G00glc 


UST  OF  MEMBERS. 


1S6&.  tMitcbell,  Alexander,  H.D.  Old  Bftin,  Aberdeen. 
187(>.  XmtcheU,  AndTtic.  20  Woodtide  Place,  OUagote. 
1883.  iMitchell,  Charles  T.,  H.A.    41  Addison- gudena  Nortb, 

W. 
18B3.  piitclieU,  Mr.".  ChitrW  T.    41  AdduoD-gerdeDS  North,  EenaagtoD, 

]fW5.  \Mitehea,  Rf.  Mitfnrd,  Ji.A.     6  Queen'.^  Trrrace,  Aberdten. 

1885.  JMitcbell,  P.  Ohalmers.     Christ  CLurrh,  Oxford. 

IfW.  'Moat,  Williun,  M.A.    Jobneon,  Eccle.^hdl,  Staffordahire. 

]6ti6.  tMoffnt,  William.    7  Quera's-gaTdens,  Aberdeen. 

18ft5.  IMoir,  JameH.    25  Carden-plaoo,  Aberdeen. 

1883.  JMoUison,  W.  L.,  M.A.    Clare  Coll^fe,  Oambtidge. 

1878.  IMolloj,  Conitantiiie,  Q.C.     66  Lover  Leeaon-Btreet,  BoUin. 
1877.  'MoUoy,  Right  Rer.  Gerald,  D.D.     86  Staphen's-green,  Dublin. 

1884.  tMoDaghao,  Patrick.    Halifax  (Box  317),  Nova  Scotia,  Canada. 
IWO.  JMoDckton,  H.  W.,  V.P.G.S.    3  Harcourt  Buildinga,Temp!e,E.O. 
1887.  'Moini,  LuDwia,  Ph.D.,  F.R.8.,  F.C.S.    20  AvenufrToad,  Begems 

Park.  N.W. 

1891.  'Mond,  Robert  Ludwig,  M.A.,  F.B.S.E.,  F.G.S.    20  Avenue-road, 

Regenfa  Park,  N.W. 
1883,  *Montagii,SirSamuel,Bart,M.P.  I2EensiiigtoDPalaoe-garden9,W. 

1892.  t-Montgoinery,  Verj  lier.  J.  F.    17  Atbole^rescant,  Edifibnrgh. 
1872.  tMontgoDiery,  R.  Mortimer.    3  Porcheatei^lace,  E^wue-iou,  W, 

1872.  JMoon,  W.,1,L.D.    104  Queen'a-road,  Brigblon. 

1896.  tMoore,  A.  W'.,  H.A.    Woodboume  House,  Douglas,  Ida  of  Mas. 

1894.  SMooM,  Harold  E.    41  Bedford-row,  W.C. 
1891.  iMoorf,  .Tvh„.     Lindmvood,  Park  Plaa;  Cardiff. 

1890.  tMoore,  Major,  R.E.     School  of  Milit&rj  En^neering,  Ohatham. 
1857.  'Moore,  Jtn:  William  Prior.     Carrickmore,  Qatwag,  Ireland. 
1896.  'Mordey,  W.  M,     Prince 's-maiisioiui,  Victoria-street,  8.W. 

1891.  IMorel,  P.     Lavemock  Hou)>e,  near  Cardifl*. 

1881.  tMoBOAir,   AlpB£D.      60    West    Bay-street,   JackioiiTille,    Florida, 
U.S.A. 

1895.  JMoBSAK,  C.  Llotii,F.R.8.,  F,G.S.,  Principal  of  UnivendtyColkge, 

Bristol.     16  Canynge-road,  Clifton,  BnatoL 

1873.  tMoigon,   Edward   Delmar,   F.ILG.S.      Ifi  Eoland-gardena,    Sonti 

KcDsiugton,  S.W. 

1891.  {Morgan,  F.    Forest  Lodge,  Rnspidge,  Gloucestershire, 
189C.  ^Morgan,  Oeorge.    01  Hope-street,  Liverpool. 

1887.  JMoigan,  John  Gray.     38  Lloyd-atrt^t,  Manchester. 
1882.§S Morgan,  Thoiuax,  J.P.     Cross  Houee,  Southampton. 

1892.  tMonson,  John,  M.D.,  F.G.S.    Victoria-street,  Sr..  Albana. 

18S9.  §Morison,  J.  Rutherford,  M.D.     14  Saville-row,  NaKcaatle-Dpoo- 
Tyne. 

1893.  JMorland,  John,  J.P.    Glastonbury, 

1891.  iMoriey,  H.     The  Gas  Works,  Cardiff. 

1883.  'MoBLiiT,  JIemby  Foiktek,  M..\.,  D.Sc.,  F.O.S.    47  BroadhuTBt>fw^ 

dens,  South  Hftmpstead,  N.W. 
1889.  JMoRLET,    Tbe  Rtglit    Hon.   Joss,  M.A.,  LL.D.,   M.P.,  FJIB. 

96  Elm  Park-gardens,  S.W. 

1896.  tMorrell,  K.  S.    Cains  College,  Cambridge. 

1881.  tMorrell,  W.  W.    York  City  and  County  Bank,  ToA. 
1883.  JMorrifl,  0.  8.    Millbrook  Iron  Works,  Landore.South  Wales. 

1892.  tMoRRis,  Dahiei,  C.M.G.,  M.A.,  D.Sc.,  F.L.8.    Barbados,  West 

Indies. 
J.S99.  JMorriH,  G.  Harris,  Ph.D.,  F.I.O.    18  Gwendwr-road,  Wast  Ken- 
sington, W 


n,gti7cdT:G00glc 


LIST  OF  MEMBERS. 


6.  {Home,  Oeoige  Lookwood.    UQltnook  Iran  Works,  Swuue^ 

10.  ^Morris,  Jamea.    6  Windso^«t^eet,  TJpUnds,  H-n-nnnno 
i3.  tAforrit,  JoAn.    4  The  £lmt,  Livervool. 

«.  'MjirTis,  J.  T.     13  Soinera.plBce,  W. 

J8.  JMorrU,  J.  W.,  F.L,S.    27  Green  Park,  Bath. 

Motria,  Samuel,  M.R.D.S.     Fortviaw,  Clontarf,  near  DuUin, 
'4.S{Mom8on,  Q.  J.,  MJnat.C.E.     Shangbai,  China. 
id,  SMonow,  Captain  John,  M.Sc.    7  BocklBaze-aTenue,  Snejd  Park, 

Bristol. 
(6.  JMortimer,  J.  R.     St.  JoWs-villas,  Driffield. 
J9.  tMortimer,  WiUiam.     Bedford-circua,  Exeter. 
(6.  'MOKTOH,  HsHsr  Joseph.    2  WeatbourDe-Tillaa,  Scarborough, 
J7.  tMorton,  Percy,  M.A.    Eltjd  House,  Brecon,  South  Wales. 
W.  *MortoD,  P.  F.    Hockliil'e  Qmure,  Leig-hton  Buizard. 
W.  *Morton,    William   B.,  M.A.,   Profeasor  of  Natural  Fhilosopbj   in 

Queen's  College,  BelfaHi:. 
i3.  (MouW,  Mrs.    Firwood,  ClevedoD,  Somerset 
'8.  *MoBs,  Jomr  Fbahcib,  F.R,a.S.    Beechwood,  Brinclifie,  Sheffield. 
76.  JMoas,  Richard  Jagksoh,  F.I.O.,  M.R.I.A.    Bojal  Dublin  Societv, 

and  St.  Aubyn'a,  Balljbrack,  Co.  Dublin. 
U,  'MoBse,  J.  R.    6  Chienick-place,  Eastbourne. 
i2.  tMooman,  R.  0.,  F.R.S.K.    10  Blacket-placa,  Edinburgh. 
rS.  tMossman,  William.    St.  Hilda's,  Frizingball,  Bradford. 
B.  'Mostyn,  S.  G.,  M.A.     1»  Peak-hill,  Sydenham,  S.E. 
K.  (MoTT,  Fbbdxbice  T.,  F.R.Q.S.    Crescent  House,  Leicester. 
W.  tMould,  Rer.  J.  G.,  B.D.     Roseland,  Meadfoot,  Torquay. 
78.  'Moui-Tos,  J.  FtETCHBH,  M.A.,  Q.C.,  M.P,,  F.R.B.    67  Onslow- 

squere,  S.W. 
)3.  JMouneey,  Edward.    Sunderland, 

11.  'MountCBstle,   William    Robert.      The   Wigwam,  Ellenbrook,  nesr 

Manchester. 

7.  IMomT-EiHicintBii,  The  Right  Hon.  the  Earl  of,  D.C.L.    Mount 

Edgcombe,  Devonport. 
W.  {MowU,  Maitjn.     Chaldercot,  Leybume-niad,  Dover. 
)7.  ^Moion,  Thomas  B.     County  Bank,  MancheeWr. 
J8.  IMojlo,  R.  E.,  3I.A.,  F.C.S.     Uei^tley,  Cliudleigh,  Devon. 
14,  JMoyse,  C.  E.,  B.A.,  Professor  of  Enguah  Language  and  literature 

in  McGill  College,  Montreal.    802  Sberbrooke-atreet,  Montreal, 

14.  t^oyae,  Charles  £.    802  Sherbrooke-street,  Montreal,  Canada. 

H).  'Muff,  Herbert  B.    Aston  Mount,  Heatou,  Bradford,  Yorkshire. 

H.  tMugfiston,  Rev.  J.,  M.A.    Newick  House,  Cheltenham. 

'6.  *Muir,  Sir  John,  Bext.    Demster  House,  Perthahire. 

'4.  IMotb,    M.   M.  PiTTiBOF,    M.A.     Gonville    and    Caius    College, 

Cambridge. 
'2.  'Muirhead,  Alexander,  D.Sc.,  F.C.S.    2  Ptince's-stieet,  StoieyWate, 

Westminster,  S.W. 
'd.  *Muirhead,  Robert   Franklin,    M.A.,    B.Sc.      24    Eenland-street, 

Hillhead,  Glasgow. 
m.  JMulhall,  Mra.  Marion.     Fancourt,  Balbriggan,  Co.  Dublin. 
M,  ■Miii.LEB,   Edoo,  Ph.D.,    F.R.S.,  F.O.S.     13  Park<aquue   East, 

Regent's  Park,  N.W. 


Munby,  Arthur  Joseph,     6  Fig-tree-court,  Temple,  KC. 
.  tMunro,  Donald,  &I.D.,  F.C,S.    The  UiUTeisit;,  GUagoir. 


n,gti7ccT:G00glc 


68  LIST  OF  MEMBEBS. 

Vnaol 

XlMllOO. 

1888.  tUunro,  JoIid,  Professor  of  Mechanical  Engiiteerui^  in  the  Merehuit 

Venturers"  Technic*!  College,  Bristol 

1883,  'Muhbo,  Robebt,  M.A.,  M.D.    48  Msnor-pluw,  Edinbar^. 
185fi.  ^Murdoch,  JKmes  BorcUj.     Oapelri);,  Meams,  Renfrewshire. 

1890.  tMurpby,  A.  J.     Freaton  House,  Leeds. 

1680.  tMurph?,  James,  M.A.,  »  D.    Hol1:r  House.  Sunderland. 

•  1884.  fMurphj,  Patrick.    Uarcus-equatn,  Newry,  Ireland. 

1887.  tMurray,  A.    Hazeldean,  Keraal,  Manchester. 

1891.  tMuBBAr,  Q.  R.  M,,  F.R.S,,  F.R.S.I^,,  F.L.S.    British  MoBenm 

(Natural  History),  South  EonninKton,  S.W. 

1859.  tMurray,  John,  M.D.    Forres,  Scotland. 

1884.  tMuBRAi,  Sir  Jomi,  K.C.B.,  LL.D.,  Ph.D.,  F.tt.S.,  F.R.S.E.    Ohal- 

leng«r  Loil|!«,  Wardie,  Edinburgh. 
1884.  (Murray,  J.  Clark,  LL.D.,  Profeesor  of  Logic  and  Hentkl  and  Moral 

Philosophy  in  McOill  University,  Montreal.  Ill  McEay-rtreet, 

Montreal,  Canada, 
1872.  (Murray,  .1.  Jardine,  F.R.C.S.E.    99  Montpellier-road,  Brighton. 

1892.  (Murray,  T.  S.     1  Nelson -street,  Dundee. 

1803.  (Murray,  William,  M.D.     9  Ellison-^ace,  Newcastle-on-TyDe. 
1874.  SMusgrave,  Sir  James,  Barl.,  J.P.     Dnunglaw  House,  Belfast. 
1887.  (Musgrave,  Jwnea,  M.D.     511  Bloor-alioBt  West,  Toronto,  Canada. 
1870.  'Miwpratt,  Edward  Enowles.    Seaforth  Hall,  near  LtTerpool. 

1891.  (Muybridge,  Eadweard.     Univeruty  of  Pannsykania,  Philad^iliia, 

U.S.A. 
1890.  'MrBEfl,  JoHif  L.,  M.A.,  F.S.A.    Christ  Church,  Oxford. 

1886.  (Nigel,  D.  H.,  M.A.    Trinity  Coll^je,  Oxford. 

1882.  'Nwrn,  Michael  B.     Kirkaldy,  N  B. 

1890.  SNalder,  Francis  Henrr.     34  Queen-street,  E.G. 
1876.  (Nauer,  James  S.    9  Woodside-place,  Ola^^w. 
1872.  (NiKW,    Admiral   Sir   G.    S.,   K.C.B.,    R-N.,  F.R.S.,    F.R0.8. 
11  Claremont-road,  Surbiton, 

1887.  (Nason,  Professor  Henry  B.,  Ph.D.     Troy,  New  York,  U.S.A. 
1806.  (Neal,  James  E.,  U.S.  Consul.    26  Chapel-etreet,  LiTerpool. 
1887.  $NeiId,  Charles.     19  Chapel  Walks,  Mancheater. 

1883.  "Neild,  Theodore,  B.A.    The  Virta,  Leominster. 

1887.  iNeill,  Jofph  S.     Clartmont,  Brouffhton  Park,  MoHehetter. 

1887.  (Neill,  Robert,  jun.     Beech  Mount,  Higher  Broughton,  Manchester. 

1865.  (Neilson,  Walter.     172  West  G«oi«B-atreet,  Glasgow. 

1897.  (Neebitt,  Beattie  S.  A..  M.D.  71  Grosvenor-atreet,  Toronto,  Canada. 
1868.  (Nevill.  Rev.  H.  K.    The  Close.  Norwich. 

1898.  SNevill,  Rev.  J.  H.  N.,  M.A.    The  Vicarafre,  Stoke  Gabriel,  Sontli 

1866.  'NeTill,  The  Eight  Rev.  Samuel  Tarratt,  D.D.,  F.L.S.,  Kshop  of 

Dnnedin,  New  Zealand. 

1889.  (Nhvillb,  F.  H.,  M.A.,  F.B.a    Sidney  College,  Cambridge. 
1669.  INerios,  John  Birkbeck,  M.D.    3  Abercromby-equare,  liTerpool. 
1889.  ■HewaU,  H.  Frank.    Madinglej  Rise,  Cambridge. 

1886.  INewbolt,  F.  G.     Oakley  Lodge,  Wevbridge,  Surrey. 

1889.  $New8tead,  A..  H.  L.,  B.A.    Rose  ViUa,  Proapectroad,  WoodJbid 

1860.  'NawTOif,  Aukkd,  M.A.,  F.B.S.,  F.L.S.,  Profeesor  of  Z      .„, 

Comparative  Anatomy  in  the  Univerai^  of  Cambridgia. 
dalene  College,  Cambridre. 

1892.  (Nhwtoh,  E.  T.,  F.B.S.,  F.G.S.    Oeolosical  Hnaeom,  JermrD-fltrnt, 

S.W. 


n,gti7cdT:G00glc 


LIST  OF  UEMBEBS.  69 

TmtoI 

1887.  t^^icholl,  Thomaa.    Dundee. 

1866.  tNioHOMOK,  Six    CaiaLM,    Bart.,  M.D,,  D.C.L.,  LL.D.,  F.G.S.. 

F.R.Q.S.    The  Granite,  Totteridge,  Herts. 
1887.  'Nicholson,  John  Carr.    Moorfield  Houbb,  Headinglej,  Lends. 
18S4.  tNiOHOLBOK,  JoaxFH  S.,  M.  A.,  D.Sc,,  Profesaor  of  Political  Ecooom;  in 

the  University  of  Edioburgh.    Eden  Lodge,  Newbattle-t«n»ce, 

Edinbiugh. 

1885.  tNichobon,  Bichatd,  J.P.    Wbinfield,  He^th  Park,  Soutliport. 
1887.  tNichobon,  Sobert  H.  Bourcbier.    21  Allnon-sb^et,  Hull. 
1893.  JNickolls,  John  B:,  F.C.S.     The  Laboratory,  GuernBoy. 

1887.  tNiduon,  William,     Shelton,  Sibson-road,  li^sle,  Maiichester. 

1901.  5N1COI.,  JAli»a  (Local  Tbbasuskb),  City  Chimiberliun.     Glnaanw. 

1886.  iNicol,  W.  W.  J.,  D.8c.,  r.E.S.E.    15  Blacket-place.  Edinburgh. 
1896.  INiabet,  J.  Tatrse.    176  Lodge-lane,  Liverpool. 

1878.  tNlVBlT,  Ohahxbs,  M.A.,   F.R.S.,  F.RA.S.,  Profawor  of  Natural 

Philosophy  iu  the  University  of  Abenjecu.     0  Chauonry,  Old 

Aberdeen. 
1877.  JNiven,  Profeuor  James,  M.A.     King's  CollBge,  Aberdeen,        ' 
1874.  tNizon,  Randal  C.  J.,  M.A.    Koyal  Academical  Institution,  Belfast. 
1863.  •NoBLB,  Sir  Asdmw,  K,C.B.,  F.R,S.,  F.R.A.8.,  F.CS.    EUwick 

Works,  and  Jeamond  Dene  House,  Newcastle-upon-Tyne, 

1879.  JNoble,  T.  S.    Lendal,  York. 

1887.  tNodal,  John  H.     The  Grange,  Ibaton  Moor,  near  Stockport, 
1870.  tNolan,  Joseph,  M.R.I,A.     14  Hume-street,  Dublin. 

1863.  SNoBxui,  Rev.  Canon  Alwbxd  Mzkle,  M.A.,  D.O,L.,  LL.D.,  F.R.S., 
F.L.S.    The  Red  House,  Berkhamsted. 

1888.  tNorman,  George.    12  Brock-street,  Bath. 

1866.  tNoBKis,  UioHABD,  M.D.    2  Walsall-road,  Bircb&eld,  Binningham. 
1872.  tNorris,  Thomss  Qeorge.     OarphwyBfa,LIanrvFst,  North  Wales. 
1883.  'Norris,  William  G,    Dale  House,  Coalbrookdale,  R.S.O.,  Shropshire. 
Norton,  The  Right  Hon.  Lord,  K.C.M.G.    35  Eaton-place,  S.W.; 
HJid  Kamehall,  Birmingham. 

1886.  INorton,  Ladv.    36  Eaton-place,  S. W. ;  and  Hamshall,  Birmingham. 
1894.  SNotcott,  8.  A,,  LL.M,,  B,A.,  B.Sc.    08  Anglesea-road,  Ipsvrich, 

Nowell,  John.     Famley  Wood,  near  Hudderafield. 
1866.  }Nugent,  the  Right  Rev.  Monsignor.  IS  Adelaide -terrace,  Waterloo, 
Liverpool. 

1887.  JJiTiirgesf,  Periy  Fairfax.     2   Trqfalgar-buiidiiyi,   Nbrthumberiand' 

av«7HM,  London,  W.C. 


1888.  'O'Brian,  Neville  Forth.    Queen  Anne's-mauMonB,  S.W. 

aCaJlaghan,  George.    Tallaa,  Co.  Clare. 
1878.  tO'Oonor  Don,  The.     Olonalis,  Castleres,  Ireland. 

1883.  tOdgers,  William  Blake,  M,A„  LL.D.    4  Elm-court,  Temple,  E.G. 
1868.  'ODLras,  "WnLiAlI,  M.B.,  F.R.S,,  F.C.S,,  Waynflote  Profeseor    of 

Chemistry  in  the  Univeraity  of  Oxford.     16  Norham-gnrdens, 
Oxford. 

1884.  :tOdlum,  Edward,  M.A.    Pembroke,  Ontario,  Canada. 

1857.  ^ODonnavan,  William   John.      64   Eenilivorth-square,    Rathgar, 

Dublin. 
1894.  {Ogden,  James.    Kilner  Devne,  Rochdale. 
1806.  JOgd en,  Thomas.    4  Evince  s-avaniie,  Liverpool. 
1886.  tOgilvie,  Alexander,  LL.D.    Gordon's  College,  Aberdeen. 
1876.  i(^vie,  Campbell  P.    SizeweU  House,  Leiston,  Suffolk. 
1886.  tOeiETiB,  F.  Gkast,  M.A.,  B.Sc.,  F.R.S.E.    Heriot  Watt  OoUege, 

Edinburgh. 


.Google 


LIST  OF  MEMBERS. 


1869.  tO^lTT,  Rer.  C.  W.  Nornuui.    BaldMi  Houu,  Dnndra. 
•Ofl;le,Wmi«iu,M.D.,  M.A.    The  Elma,  Derby. 

1884.  tO'HallomD,  J.  S.,  O.M.Q.     Ro;b1  Colonial  Institute,  Northambw- 

laud-Avenue,  W.O. 

1881.  lOldBeld,  Joseph.     Leadal,  York. 
18M7.  XO/d/tam,  C/iarlei.     Jtomiley,  CkenMre. 

1896.  lOldham.G.  S.     Town  Hall,  Birkenhead. 

1802.  lOldhsm,  n.  Yule,  M.A.,  F.R.G.S.,  Lecturer  in  Gec^phy  in  Uia 
UniTereitT  of  Oambridf^e.    Kinfr'g  College,  Oftmbridge. 

1863.  tOLSHikU,  Jaiibs,  M.Iii8t.C.E.     CottinBbam,lMar  Hull. 

188£.  tOldbam,  John.    River  FUte  Tete^niph  Company,  Monte  Video. 

1898.  •Oldham,  R.  I).,  F.G.S.,  Geological  Survey  orindia.  Care  of  MsMra. 
H.  S.  King  &  Co.,  CornhUl,  E.G. 

1892.  XOliphant,  Joints.     60  Palmerfton-plaee,  Edinburgh. 

1669  |OLiTER,DAjnEL,LL.D.,F.R,S.,  F.L.S.,  EmantuHProfewarof  BoUny 
in  Univeraity  College,  London.     10  Kew  Gardenft-road,  Kew, 

1887.  JOliter.  V.  W.,  D.Sc.,  F.L.S.,  Frofeieor  of  Botjmy  in  Univeiwty 

College,  London.     The  Tower  House,  Tite-atreet,  Chelsea,  S.W, 
1863.  §01iver,  Samuel  A.     Beltingbam  House,  Wigan,  Lancashire. 

1888.  SOliver,  Profesgor  T.,  M.D.     7  Eiliwm-place,  Newcaatle-upon-lViie. 

1882.  jOleen,  0.  T.,  F.L  S.,  F.B.G.S.    116  St.  Andrew'a-terrace,  QniiuihT. 
1860.  'OmiANNBr,  Admiral  3ir  Eeamits,  C.B,,  LL.D.,  F.B.S.,  F.R.A.8., 

F.R.G.S.     29  Connangbt-equara,  Hyde  Park,  W. 
1680.  *Ommanney,  Rev.  E.  A.     St.  Michael^  and  All  Angels,    Portaes, 

1872.  JOnslow,  D.  Robert.    New  University  Club,  St.  Jamarfa,  8.W. 

1885.  jOppert,  G ust a v,  Professor  of  Smukrit  in  tbe  Univeruty  of  Berlin. 
1867.  XOrcknr.JavK*  G.     9  Wiiliam-itrai,  Forebank,  Ihmdtv. 

1883.  XOrd,  Mi»s  Maria.     Fern  Lta,  Fark-crftcent,  Southport. 
188e.{{0rliiig,  Axel.     Moorgate  Station-chambert,  E.C. 
1858.  tOrmerod,  T.  T,     BriprhouBe,  near  Halifax. 

1883.  lOrpm,  Mia.     68  Stephen' s-ffreen.  BubUn. 

1884.  •Orpen,  Lieut.-Oolonel  R.  T.,  R.E.    Care  of  G.  H.  Orpen,  Esq., 

Erpinghara,  Itedford  Park,  Chiswick. 
1884.  'Orptn,  l^^v.  T.  H.,  M.A.     Binnbrooke,  Cambridge. 
1638.     OiT,  Alexander  Smith.      57  Upper  SackTille-atreet,  DuUin. 
leWLSSOgborn,  Dr.  F.  A.     The  Chalet,  Dover. 

1897.  JOebornc,  James  K.    40  St.  Josuph-street,  Toronto-,  Canada. 
1887.  SO'Slien,  L.  T,,  B.Sc,    University  College,  Sheffield. 

•OsLBR,  A.  FoLLBTT,  l''.R.S.    South  B«nk,  EdgbaetoD,  BirminghiuQ. 
1897.  tOsliT,  E.  IV,  M.P.     Rosedalo,  Toronto,  Canada. 
1666.  'Osier,    Henry    F.      Goppy    Hill,    Linthurst,    near    Bromegrove, 

Hrminj^ham. 
1884.  |OsLEit,Prol'e)^orWiLLiAU,M.D.,F.R.S.  Johns  Hopkins  Uniremty, 

Baltimore,  U.S.A. 
1884.  :tO'Sullivan,  James,   F.C.S.     71  Spring  Terrace-road,  Burton-on- 

Trenf. 
1882.  'Oswald,  T.  R.    Castle  Hall,  Milford  Haven. 

1881.  "Ottewcll,  Alfred  D.    14  Mill  Hill-road,  Derby. 
1806.  JOulton.  W.     Hillside,  Gatencre,  Liverpool. 

1882.  lOweo,  Rev.  C.  M.,  M.A.    St.  George's,  Edgbastoo,  Btmi^thun. 

1889.  'Owen,  Alderman  H.  C.     Compton,  Wolverhampton. 

1896.  SOwen,  Peter.     The  Elms,  Capenhurat,  Cheater,  and  3  Dale  St»et, 
Liverpool. 

1889,  IPape,  Dr.  F.    1  Saville-place,  NewoMtle-upoii-Tyne. 

Google 


LIST  OF  MEUBERS. 


3,  JPagB,  Geoi^a  W.     Fakenliam,  Norfolk. 

3.  iPage,  Joseph  Edward.    12  3»aiidera-8tTeet,  Sontbport. 

4.  IPaget,  OcbiTius.     168  Penchutoh-atrMt,  E,0. 

8.SSPaget,  The  Kght  Hon.  Sii  R.  H.,  Btixt.    Oranmoie  HtUl,  Sfaepton 
Mallet. 


•Paloravb,  Robbbt  EUbbt  Ikglh,  F.RS.,  F.S.S.    BelloD,  Gre«t 
Tanuoath. 

.  tPttUis,  Alexander.    Tatoi,  /Vi^burth-drive,  Liverpool. 

.  XPiLitsK,  Sir  Chables  Mabx,  Bart.,  M.F.    Gnnkle  Patk,  York- 

.  'Palmer,  Joseph  Edward.     Rosa  Lawn,  BoUybrack,  Co.  Dublin. 

,  JP^mer,  WilWn.     Waveilej  House,  ^VaverleT-«lTeet,  Nottingham. 

.  -Palmer,  W.  B.    49  Tiernay-road,  Streatham  Hill,  S.W. 

tPant,F.J.  Vander.     Clfflon  Lodgt,  RingtUm.-on-Than»t». 

.886.  tPuiton,   George   A.,  F.R.3.E.      73    Wertfield-ioad,    Edgbaeton, 

Biirrungbam. 
883.  JPark,  Henry.     Wigan. 
1883.  JPark,  Mra.     Wiran. 

"""   'Parke,   Geo^e   Henry,    F.L.S.,   F.G.S.     St.  John's,  "Wakefield, 
Yorkshira. 
tParker,  G.,  M.D.    14  Pembroke-ioad,  Clifton,  Bristol. 
.863.  jParker,  Henry.    Low  Elswick,  Newcastle-upon-Tyne. 
.686.  tParker,  Lawley.    Chad  Lodge,  Edgbaston,  Birmingham. 
SOO.SSParker,  Mark.     30  Upper  Fant-road,  Maidatone. 
801.  jParker,  WUliam  Newton,  Ph.D.,  F.Z.H.,  Profeaaor   of  Biology  in 

UniTeraity  Collew,  Cardiff. 
1899.  'Parkin,  John.     Blaithwaita,  Carliale. 
.879.  JParkin,  William.     The  Mount,  Sheffield. 
"""■SS Parkinson,  James.     Rreystones,  Langho,  Blackburn. 

.  jParkinBon,  Rol»rt,  Ph.D.    Yewbarrow  House,  Giange-oTer-Sanda. 
883.  IParson,  T.  Cooke,  M.K.C.S.     Atheraton  House,  Clifton,  Bristol. 
878.  JPabsoks,  Hod.  0.  A.,  F.R.S.,  M.TnstO.E.    Iloleyn  Hall,  Wjlam- 

;883.  \Part,  ItaMla.     Rudleth,  Watford,  HerU. 

•partridge,  Mi»s  Josepliine  M.    Girtim  College,  Cambridge. 
IPass,  Alfred  C,     Clifton  Down,  Bristol. 
881.  tPatchitt,  Kdward  Chaabire.     128  Derby-road,  Nottingham. 
887.  .fPiTEMOS,  A,  M.,  SI.D.,  Pmrecwr  of  Anatomy  in  University  College, 

Liverpool. 
.897.  tPatersoD,  Jobn  A.    23  \V aimer-road,  Toronto,  Canada. 
.896.  tPatoD,  A.  A.    Greenbank-driva,  Wavertree,  Liverpool. 
.897.  IPaton,  D.  Noel,  M.D.    33  Geoiwe- square,  Edinbunrh. 
.883.  'Paton,  Eav.  Henry,  M.A.     120  PolwartJi  Terracrt, Edinburgli. 
.884.  'Paton,  Hugh.     Boi  2400,  Montreal,  Canada. 
.871.  *PatUrsm,  A.  Hmru.     18  Askbum-plaee,  S.W. 
,876.  (Patterson,  T.L.    May  bank,  Greenock. 
874.  jPatterson,  W.  H.,  M.R.I.A.     26  Higb^rtreet,  Belikst. 
863.  jPiTTirtsojr,  Jorot,  F.O.S.    75  The  Sid«,  Newcastlo-upon-Tyne. 
879.  'Patzer,  F,  R.     Clayton  Lodge,  Newcastle,  Staffbrdahu*. 
863.  tfouA  Sergamin  H.,  Ph.D.     1  Victoria-street,  Weitmijuttr,  S.  If. 
;883.  JPftul,  George.     10  St.  Mary's  Avenue,  Harrogate. 
,892.  IPauI,  J.  Balfour.     30  Hariot-row,  Edinburgh. 
863.  IPATy,FHBDBBicK  William,  M.D.,F.K.S.  36Gro8»enor-street,  W, 
887.  'Paxman,  Jaraei.    Stistad  Hall,  near  Braintree,  Essex. 
887.  "Payne,  Miss  Edith  Annie.    Hatcblands.CuckfieldjHayward'sHeath. 


73  LIST  OF  MEMBERS. 

Yeuol 

USOtlDD. 

.  tPayne,  J.  Buxton.    16  Mosby-street,  Newcastle-upon-Tyne. 
'.  'Payne,  J.  O.  Oharleo.     1  Botanio-avenne,  The  Plame,  Bellkat. 
881.  ]:P^7>ie>  ^1^-     1  Botanic-avenue,  The  Pkins,  Bel&et. 
[866.  JPayne,  Joseph  F.,  M  J).    78  Wmimjle-street,  W. 

'Paynter,  J.  B.    Hendford  Manor  House,  Yeovil. 

tPajton,  Henry.     Wellington-road,  Birmingham, 
l876.  IPeace,  G.  H.     Monton  (Jrange,  Eccles,  near  Mandiester. 
L879.  fPeace,  William  K.    Moor  Lodge,  Sheffield. 
,885.  JPEiCH,  B.  N.,  F.RS.,  F.E.S.E.,  F.G.S.    Geological  Survey  Office, 

Edinbuigh. 
1876.  tPeacockjThomas  FranciH,     12  South-square,  Gray's  Inn,  W.C. 
'""".  'Pearce,  Mrs.  Horace.    The  Limes,  Stourbridge. 

:.  (Pearce,  William.    Winnip^,  Oanada. 
880.  tPearsall,  Howard  D.    19  WiUow-road,  Hampatead,  N.W. 
.esa.  IPearson,  Arthur  A.     Colonial  Office,  S.W. 
JPearson,  B.    Dowhus  Hotel,  Oardifl', 
•Pearson,  Oharies  E,    Chiiwell  House,  Nottinghamshire. 
888.  §PearBOD,  George.     Hank  Chambere,  Baldwin-street,  Bristol. 
883.  JPearaon,  Miss  Helen  E.     69  jUeiandra-road,  Southport. 
.881.  t Pearson,  John.    Glentworth  House,  The  Mount,  York. 
"■"1.  tPeaison,  Mrs.    Glentworth  House,  The  Moont,  York. 

J,  'Pearton,  Joseph.     Qroie  Farm,  Merlin,  SaUiyh,  Ontario,  Canada. 
.892.  ;[Pea.raon,  J,  M.     John  Dickia-atraet,  Eilinamock. 
.881.  tPearson,  Richard.     fi7  Bootham,  York. 

.889.  JPease,  Howard.    Enfield  Lodge,  Benwell,  Kewcaatle-upon-iyne. 
883.  tPawe.  Sir  Joseph  W.,  Bart.,  M.P.  Huiton  Hall,  near  Guisborougb. 
.863.  JPease,  J.  W.    Newcastle-upon-Tyne. 

Pedritt,  Henry.    Carlton  Husthwaite,  Thirsk,  Yorkshire. 
•Peckover,    Aleiander,   LL.D.,    F.S.A.,   F.L.S.,   F.B.G.S.      Bank 

House,  Wisbech,  Cambridgeshire. 
JPeckover.MissAlexandrina.  Bank  House,  Wisbech,  Oam1>ridg«ahire. 
tPeddie,  William,  D.Sc.,  F.B,S.E.    2  Cameron-park,  Edinbni^. 
tPeebles,  W.  lO.    0  North  FVederick-rtreet,  DuUm. 
tPsBE,  Sir  CniHBEBT  E.,  Bart,  M.A.,  F.S.A.    22  Belgrave-eqnare, 

S.W. 
'Peek,  William.    The  Manor  House,  Kemp  Town,  I^igbton. 
IPeggs.  J.  Wallace.    SI  Queen  Anne's^ate,  S.W. 
•PeUe,  George.    Greenwood,  Shotlej  Bridge,  Go.  Duriiam. 
^Pemberton,  Charles  Seaton.    44  Lincoln's  Lm-Belda,  W-C. 
jPEHDi-BBirKr  William  H.,  Mji,,  F.C.S.    6  GlwiUton»-terrace, 

Priory  Hill,  Dover.     , 
JPengelly,  Miss.    Lamoma,  Torquay, 
fPengellj,  Miss  Hester.    Lamoma,  Torquay. 
(Pemhallow,  Professor  D.  P.,  M.A.    McGill  University,  Montieal, 

Canada. 
tPennant,  P.  P.    Nantlys,  St.  Asaph. 
IPenfecost,  Harold,  B.A.    Clifton  College,  Bristol. 
iPenty,   W.  G.     Melbourne-street,  York. 
jPerceval,  Rev.  Canon  John,  MA.,  LL.D.     Rug^. 
iPercival,  Archibald  Stanley,  M.A.,  M.B.    16  Mlison-plaee,  New- 
castle-upon-Tyne. 
tPercival,  Francis  W.,  M.A.,  F.R.G.S.    2  Southwick-^ace,  W. 
SJPerciva],  John,  M.A.,  I'rofessor  of  Botany  in  the  Soath-Eaatem 


Agricultural  College,  Wye_,  Kent. 
'Perigal,  Frederick.    Lower  Kingswood,  E 

Google 


1894.  SPerkin,  A.  G.,  F.R.S.E.,  F.C.5.,  F.X.C, 
Hydo  Park,  Leeds. 


LIST  or  MEMBEBS, 


1868.  'JPEEiDr,  WmjAK  Hisry,  Ph.D.,  LL.D.,  F.R.S.,  F.C.S.     The 

OheatnutB,  Sudbury,  Harrow,  Middlesex. 
1884.  tPmnir,  Williak  Hembt,  jun.,  LLJ).,  Ph.D.,  F.R.S.,  F.O.S., 

ProfesMT  of  Organic  OhemiBtiy  in  Owens  College,  MaJicheBUr. 

Fairriew,  'Wilbrahiun  Road,  P'allowfield,  MancbeHter. 
1864.  'Perkins,  V.  R.    Wotton-mider-Edge,  Gloucesterehire. 
1898.  'Perman,  E.  P.     UnivarMty  CoCeffe,  OardifF. 
1886.  tPerrin,  Miss  Emily.    31  St  John's  Wood  Park,  N.W. 
1886.  JPerrin,  Heniy  S.    31  St.  John's  Wood  Park,  N.W. 
1886.  tPenin,  Mrs.    81  St.  John's  Wood  Park,  N.W. 
1874.  'Pbrbt,  Jobw,  M,E.,  D.Sc.,  F.E.S.,  Professor  of  Mechanics  and 

Mathematics  in  the  Royal  College  of  Scieoce,  S.W. 
1883.  JPeiry,  Ottley  L.,  F.R.G.S.    Bolton-le-Moors,  Lancashire. 
1683.  tPen?.  RumcU  R.    34  Uuke-straet,  Brighton. 
1000.  jPatovel,  G.  E.     34  Abingdon  Mansions,  Kensington,  W^ 

1897.  IPeters,  Dr.  George  A.    171  Oollege-street.  Toronto,  Canada. 

1898.  ^'etbick,  William.     Woodside,  Stoke  Bishop,  Briatol. 
1883.  tPatrie,  Min  Isabella.    Stone  Hill,  Roclidale. 

1895.5SPHTKra,  W.  M.  Flwdbkb,  D.C.L.,  Professor  of  Egyptology  in  Uni- 

versity  Collt«:o,  W.C. 
1871.  'Peyton,  John  E.  H.,  F.R.A.S.,  F.G.S.  13  Fourth-avenue,  Hove, 

Brighton. 

1886.  tPkelps,  Major-General  A.     23  Augustus-road,    Edgbaston,  Bir- 

mingham, 
1863.  •Praraft,  JoHiiSAiroBL,LL.D.,F.S.A.,F.a.S.,F.RG.S.    fi  Carlton - 

terrace,  Oakley-street,  S.W. 
I896.S  SPhilip,  George,  jun.     Weldon,  Bidston,  Cheshire. 
1892.  tPhilip,  R.  W.,  M.D.     4  M el ville-cre scent,  Edinhurgh. 

1870.  JPhiUp,  T.  D.    51  Soutli  CasUe-street,  Liverpool. 

1853.  'Philips,  Rev.  Edward.     Hollington,  Uttoieter,  Staffordshire. 
1863.  'Philips,  Herbert.     The  Oak  House,  Macclesfield. 
1877.  {Philips,  T.Wisbart.  Elizabeth  Lodge,  Georf^lane,  Woodford,  Esses. 
1863.  iPhilipson,  Sir  G.  H.    7  Eldon-equare,  Newcastle-upon-Tyne. 
1883.  IPhilhps,  .^rthur  G.    20  CanninR-street,  Liverpool. 
1809.  SPhillipa,  Charles  E.  S.     Castle  House.  Shooter's  Hill,  Kent. 
1894.  SPhiIlii»,  Staff-Commander  E.  C.  D.,  R!N.,  F.U.G.S.    14  Hai^reaTes- 
buildings.  Chapel-street,  Liverpool. 

1887.  tPhillipe,  H.  Harcourt,  F.C.S.  183  Moss-lane  East,  Manchester. 
1890.  SPhillips,  R.  W.,  M.A.,  D.Sc,  Professor  of  Biology  in  Univeraity 

Collie,  BangoT. 

1883.  tPhillips,  S.  Rees.    Wonfotd  House,  Eieter. 
1881.  tPhillips,  William.     9  Bootham-terrace,  York. 

1898.  tl'hilps,  Captain  Lambe.     7  Royal-terrace,  Weston-euper-Mare. 

1884.  *PickaTd,  Rev.  H.  Adair,  M.A.     Airedale,  Oxford. 

1883.  'Pickard,  Joseph  William.     Oatlauds,  laiiiaster. 

1894.  IPiceabd-Cahbeidgb,  Rev.  0.,  U.A.,  F.R.S.    Bloxworth  Rectory, 

Wareham. 
1886.  'PiCKBRiifa,  Spxnceb  P.  U.,  M.A.,  F.R.S.     Ilarpenden,  Herto. 

1884.  •Pickett,  Thomas  E.,  M.D.    MaysriUe,  Mason  Co.,  Kentucky,  U.S.A. 
1896.  tPicton,  W.  H.     College-avenue,  Oroaby,  Liverpool. 

1888.  'Pidgeon,  W.  K.     42  Porchesler-squara,  W. 

1871.  JPigot,  Thomas  F.,  M.R.I.A.  RovbI  Collaga  of  Science,  DubUn. 
1884.  IPike,  L.  G.,  M.A.,  F.Z.S,  12  King's  Bench-walk,  Temple,  E.G. 
1866.  JPiKE,  L,  OwBiT.    4a  Mariborough-gate,  Hyde  Park,  W. 

1873.  JPike,  W.  H.,  M.A.,  Ph.D.    Toronto,  Canada. 
1896.  'Pilkuigton,  A.  C.    The  Hazels,  Prescot,  Lancashire. 
1896.  *^Iling,  WiUiam.    Roeario,  Heene-road,  West  Worthing. 


..Google 


UST  OF  MEMBERS. 


1877.  tPim,  Joaepli  T.    Greenbank,  Monketown,  Co.  Dublin. 
1868.  jPinder,  T.  R.     St.  Andrew'a,  Norwich. 

1876.  IPittiE,  Rev.  a.,  M.  A.,  Profuesoi  of  Mutliematicd  in  the  UniTeruly  of 
Aberdeen.     ^  Oollege  Bounds,  Old  Aberdeen. 

1887.  JPitkin,  Jumes.    BO  Red  Lion-atreet,  ClerlteiiweU,  E.G. 
J876.  Jlltmon, John.     RedcIiftHLl.Bristol. 

1883.  tPitt,  Gporge  Newtou,  M.A.,  M.U.     ^4  St.  Thomae-street,  Bowugh, 

S.E. 
Ifm.  \Pitl,  R.     B  Widi-omb-lcri-mi;  liiUh. 

1883.  tPitt,  .Sydney.     16  St.  .4n(ln'w'*-strBet,IIolbom-circu«,RC. 
1893.  'Pitt,  WAi.Ttai,  M.lnBt.O.E.    South  Stoke  House,  nesr  Bath. 
liWU,  'Pldtts,  Wfllter,    Fairmount,  Bin^e;. 
1881.  •Playfcir,  W.  B.,  M.D.,  LL.D.,  Professor  of  Midwifaiy  in  King's 

College,  London,    38  Cjrosvenor-street,  W. 
1898.5 SPlftjne,  H.  C.     28  Colle(;e-ro«d,  Clifton,  Bristol. 

1893.  fPlowiiglit,  Henry  J.     Urauipton  Faundriea,  Cheatarfield. 

1897.  tPlummer,  J.  H.    Rank  of  Commerce,  Toronto,  Canads. 
181W.  TPlummer,  W.  K.    Tl.e  ObserTstory,  Bidston,  Birkenhead. 
18tm.S§I'luiuptre,  Fitzivaltur.     Goodneslone,  Dover. 

1857.  tPlnnkett,  Thomas.    Ballybrophy  House,  Borrift-iinOiiory,  Qroen's 

Co.,  Ireland. 
lilOO.  •PocklinRTton,  H.  Cabourn.     41  Virginia  Road,  Leeds. 
1881.  5Pockliugton,  Henry.    20  Park-row,  Leeds. 

1888.  IPocock,  Rev.  Franris.    4  Bfiinswick- place,  Bath. 
189a  tPoUard,  Janies.     High  Down,  Hilchin,  Herts. 
1898.SSPol]:];n,  Rev.  G.  C,  H.,  F.G.S.     Anc-ienue  Abbave,  Troncbiennes, 

Ghent,  Belgium. 

1890.  'Pollex,  Albert.     Dais  End,  Cavendish  Park,  Rockferry. 

1862.  •Polwhele,   Thomas   Roxburgh,    M.A.,    F.G.S.      Polwbele,    Tmto, 
Cornwall. 

1891.  :;Pomeroy,  Captain  Ralph.    201  Newport-road,  Cardiff. 

1900,  jPope,  W.  J.    5  Uillingdon  Mansions,  Elephantand  Casde,  S.R 

1892.  SPoppIewell,  W.  C,  M.Sc.,  Assoc. M. Inst .O.E.     Yorkshire  College, 

Leeds. 
18R8.  tPoRTAL.  Sir  Wyndram  S.  Bart.     Mnlahnnger.  Basingstoke. 
1883.  'Porter,  Huv.  U.  T.,  LL.D.,  D.D.     All  Saiuis  \icarape,  Southport. 
1883.  tPostgrtte,  l'rofe;.si)r  J,  P.,  SI.A.     rtiiversily  College,  Gower  Street, 

W.G. 
1887.   IPiutur,  Kdniund  1".     Ilollinhurst,  B.illon. 
1883.  Jl'otter,  M.  C,  M.A.,  F.L.S..  I'rofesaor  of  Botany  in  the  Collie  of 

Science,  Newcastle-iijiw;;-Tvne.     14  Ilighbun,  Newca«Ue-apon- 

Tj-ne. 
1880.  •PouLiON,  EDWAni.  B.,  3I.A.,  F.R.8.,  F.L.S.,  F.G.S.,  F.Z.S.,  Pro- 

fi'iaor  ot  Zoology  in  tlie  University  of  Oxford,   Wykeham  House, 

Banbtirv-road,  Oxfintl. 

1898.  *Pottlton,  Edward  Palmer.  Wykebam  House,  BaubiLrj-road,  Oxford. 
1873.  'Powell,  Sir  Francis  S..  Bart.,  M.P.,  F.R.G.S.    Horton  Old  Hall, 

Yorkshire;  and  1  Cambridt^-square,  W. 
1887.  'Powell,  Horatio  Gibbs.     Wood  Villa,  Tettenhall  'KooA,  WolTef- 

hampton. 
1883.  JPowell,  John.     Brynmill-creBcent,  Swansea. 

1894.  'Powell,  Sir   Richard   Douglas,  Burt.,  il.l).      02  Wimp*^  Strert, 

Cavendiiih  Square,  W. 
1876.  ]:Powell,   Wilham  Augustus  Frederick.     Norland   House,   ClifbM, 

Bristol. 
1687.  §Pownall,  George  H.    Manchester  and  Salford  Bank,  St.  Ann-atnat. 

JIancli  ester. 


n,gti7cdT:G00glc 


LIST  OF  MEMBERS. 


1867.  jFowrie,  James.    Beswallie,  Forfar. 

tPoYKTiife,  J.  H.,  D.Sc.,  F.R.S.,  Professor  of  PLtucs  in  the  Mason 

Univeraitv  Oolite,  Birmingham. 
•Pnuilterd,  A.  A.,  D.C.L.    88  Banburj-toad,  Oxford. 
•PEKECE,Sir  William Hbhbt,  K.C.B.,F.B.8.,M.In9t.C.E.     Gothic 
Lodge,  Wimbledon  Common,  Surrejj  and  1'6  Qutjen  Anne's 
Gate,  S.W. 
"Preece,  W,  Llewellyn.    Tun-y-brjn,  Ruaholme-road,  Putnej  Heath, 

S.W. 
SPrentim,  Thomas.     Willow  Park,  Greeuoi^. 
:889.  Ifteaton,  Alfred  Elej,  M.InBt.C.E.,  F.G.S.     14  Tlie  E.tchiinge,  Brad- 
ford, Torkahire, 
894.  tPreston,  Arthar  E.     Picodillj,  Abingdon,  Qerkahire. 

1883.  'Preston,  Martin  Inett.     48  Ropewalk,  Nottingham. 

1884.  'Frevoat,  Major  L.  de  T.,  '2ni  Batulion  Argyll  and  Sutherland 

Shlanders. 
,  T.    Neath  Abbey,  OlamoTganshire. 
less.  IPbicb,  L.  L.  F.  R.,  M.A.,  F.S.S.    Oriel  OoU^e,  Oxford. 
.876.  •Price,  Eees.     163  Bath-street,  Glasgow. 
891.  JPrioe,  William.     40  Park-place,  Cardifi. 
.897.  'Price,  W.  A.,  M.A.     11  Waterloo  Square,  Bognor. 
1887.  JPrimrose,  Dr.  Alexander.     196  Simcoe-atreet,  Toronto,  Cauada. 
.882.  IPrince,  Profesaor  Edward  E.,  B.A.     Ottawa,  Canada. 
""■    'Prior,  R.  C.  A.,  M.D.     48  York-terrace.  Regenfa  Park,  N.W. 

'Pritchard,  Eric  Law.  M,D.,  M.R.C.S.    70  Fairbazel  Gardens,  South 

Hampstead,  N.W. 
•Pbitchard,  Ueban,  M.D.,  F.R.O.S.    26  Wimpole-street,  W. 
JProbyn,  Leslie  0.     Onalow-aquarc,  R.W. 
.881.  JProcter,  John  William.     Ashcroft,  York. 
,863.  JProctor,  B.  S.     Grey-«treet,  NewcastlB-upon-Tyne. 

Proctor,  William.     Elmhuret,  Higher  Erith-road,  Torquay. 
'Proudfoot,  Alexander,  M.D.     2  Pliil lips-place,  Montreal,  Canada. 
879.  'Prouse,  Oswald  Milton,  F.Q.S.     Alvington,  Slade-road,  Ilfracombe. 
L872.  'Pryor,  M.  Robert.     Weiton  Park,  Stevenage,  Herts. 
1871.  'Puckle,  Rev.  T,  J.     Chestnut  House,  Himtingdon-road,  Cambridge. 
.873.  IPullan,  lawrance.     Bridge  of  AUan,  N.B. 
.899.SSPuIlar,  Frederick  P.     The  Lea.  Bridge  of  Allan,  N.B. 
.867.  "Pullar.  Sir  Robert,  F.R.S.E.    Tayside,  Perth. 
.883.  'Pullar,  Rufus  D.,  F.C.S.     Brahan,  Partii. 
;8S1.  JPullen,  W.  W.  F.    UniTereity  Collejre,  Cardiff, 
.843.  'Fumpbrey,  ('barles.     Castlewood,  I'aik-road,  Moseloy,  Birmingham. 
1887.  ^PuMPHRET,  WiLUAM.     -2  Oakland-road,  Redland,  Bristol. 

JPUKDIB,  Thomas,  aSc.,  Ph.D.,  F.B.S.,  Professor  of  Chemistry  in  the 

Umversily  of  St.  Aadrcws.    1-1  South-street,  St,  Andrews,  N,B. 
.862.  tPurdon,  Thomaa  Henry,  M.I).    Belfast. 
1B81.  JPorey-CuBt,  Very  Rev.  Arthur  Perdval,  M.A.,  Dean  of  York.    The 

Deanery,  York. 
1874.  tPuBBBS,  Fekubkick,  M.A,    Rathmines,  Dublin. 

■:  tPoRsBB,  Professor  John,  M. A.,  M.R.I. A.    Queen's  College,  Belfast. 
..  tPuraer,  John  Mallet.     3  Wilton -terrace,  DuhUn. 
;.  'Purses,  W.  I^dlaw,   20  Stratford-nlace,  Oxford-street,  W. 
I.  'Pusey,  S.  E.  B.  Bouverie.     Pusey  House,  Faringdon. 
I.  'Pye,  Miss  E.     St.  Mary's  Hall,  Rochester. 
1,  jPye-Smith,  Arnold.    Willesley,  Park  Hill  Riae,  Croydon. 
I.  5Pye-Smith,  Mrs.    WiUealey,  Park  Hill  Riae,  Croydon. 
\.  IPra^JCTH,  P.  H.,M.D.,F,E.8.    48  atwk-street,  W. ;  aadGuj'B 
Hospital,  S.E. 


n,gti7cdT:G00glc 


LIST  OF  MEMBERS. 


1879.  tPye-Sraith,  R,  J.    350  Oloesop-road,  Sheffield. 

[806.  itQuaill,  Edward.  3  Palm-grOTe,  Clan^hton. 
.8&3.  {Quick,  James.  Uuivemlv  Colle^^,  Bristol 
694.  tQuick,  ProfeBSor  W.  J.     UniTerBitj  of  Mtasouri,  Oolumbia,  U.S.A. 

870.  tBabbite,  W.  T.    6  Cadogan-gardens,  S.W. 
1870.  IRadclifte,  D.  R.    PbcnnU  S&fe  Works,  Windsor,  livorpooL 
806.  SliadclifTit,  Herbert.     Balderatone  HaU,  Rochdale. 
R.).5.  'Kadstocli,  The  Right  Hon.  Lord.    Majfiald,  Woolston,  Soathampton. 
887.  'R^fdeile,  John  Rowland.    The  Beeches,  Strand,  near  Mancbeatsi. 
,864.  JRainey,  Jemee  T.    3  Kent-garfens,  Ealing,  W. 
""-    •fiaisin,   Miss   Catherine   A.,  D.Sc,     Bedtord   College,   York-pttce, 

Balier-fltreet,  W. 
896.  'Ramage,  Hugh.    Ht.  John's  Oolite,  Camlnidge. 
'""■    *Rahbaut,  AkthttrA.,  M.A.,  D.Sc.,  F.R.S.,  F.R.A.S.,  M,R.IA. 

Kadclifl'e  Observatory,  Oiford. 
868.  (RAJiSiT,  Ar.EiASDBB.    li  Cowper-road,  Acton,  Middlesex,  W. 
;884.  JRamaay,  George  G.,  LL.D.,  Professor  of  Ilmnaiiitj  in  tbe  ITmrenity 

of  OlaSfioiT'.    6  The  College,  Glasf^ow, 
;884.  JRamsay,  Mrs.  G.  G.     0  The  CoUege,  Gla^ow. 
""1.  tR"Dsay,  John.    Kildal ton,  Argyllshire. 
hi.  JKanisay,  Major.    Straloch,  N.B. 

0,  JRamgay,  Major  R.  G.  W.     Bonnyrigg,  Edinburgh. 
6.  *RAMaiT,  William,  Ph.D.,  F.R.S.,  Professor  of  Obpmistry  in  Uni- 

versity  College,  London.     12  Arundel-gordens,  W. 
3.  JRamsay,  Mr»i.     12  Aruudel-«ardeDs,  W. 
0.  'Ranee,  II.  W.  Hennilcer,  IX.D.     10  Casllulovra-roAd,  West  Ken. 

eington,  W. 
8.  'Ransom,  Edwin,  F.R.O.S.    24  AsbbumhRni-road,  Bedford. 
.893.  JRaoBOm,  ^V.  B.,  M.D.    Tbe  Pavement,  Nottinghsm. 
B6.3.  tR^soK,  William  Hbxbt,  M.D.,F.R.ti.  Tbe  Pavement, NottiiishaiB. 

1.  JBakbomb,  Abthur,  ma.,  M.D.,  F.R.S.    Sjnnyhimt,  Daane  Park, 
Bournemouth. 

RoDsome,  Thomas.    Ilest  Bank,  near  Lancaster. 
).  jRapkin,  J.  B.     Sidcup,  Kent. 

Ronbleigh,  Jouathan.    3  Cumberland-terrace,  Regent's  Park,  N.W, 
.864.  IRftte,  ittiv.  John,  M.A.     FairGeld,  East  Twickenham. 
.893.  'Ratbbone,  Miss  May.     Baclcwood,  Neston,  Oheshire. 
.870.  JKathbone,  R.  li.     (ilan  y  Menu,  Anglesey, 
806.  JIliTHBOKE,  W.,  LL.D.     Green  Bank,  Liverpool. 
.874  JRAyBSSTBnf,  E.  G.,  F.K.G.S.,  F.S.S.    2  York-mansions,  Butteiao* 

Park,  S.W. 
.689.  tRt^wlioK^,  Edward.   Richmond  House,  Wimbledon  Common,  Simej. 
,870.  jlUwlins,  G.  W.    The  Holliea,  Rainhill,  Liverpool. 
L866.  'lUwLLiBOir,  Rev.  Canon    Gborbb,  ALA.     The  Oaks,  PrectDeta, 
Canterbury. 
JRawaon,  Harry.    Earlswood,  EUesmere  Park,  Ecclea,  Mancbeater. 
680.  iltawBon,   W.  Stepney,  M.A.  68    Cornwall-gardens,   Que«u's.g*tc, 
S.W. 
•RAYLBieH,  The  Right  Hon.  Lord,  M.A.,  D.C.L.,  LIi.D.,  PJtA, 
F,R.A.S.,   F.R.G.S.,  Professor  of  Natural  Philosophy  in   tbft 
Royal  InstitutioD.    Terling  Place,  Witham,  EsMx. 
{Raynbird,  Hugh,  jtm.    Garrison  Gateway  Cottage,  Old  BtUDg, 
Basingstoke. 


n,gti7cdT:G00glc 


LIST  OF  MEMBEItS. 


I8S3.  *RayM,  Charle*  A.,  M  J>.,  M.R.O.S.    St.  Mary'a  Gate,  Lwicaeler. 
1887  •Rayner,  Edwin  Hartreo.    Toviot  Dale,  Stockport. 
189ft.  'IlBiD,  Ohablbb  H.,  F.S.A.     Britist  Museum,  W.U. 
870   IBsaDS  Thomab  Mbllahii,  F.G.S.     BlundellBande,  Livefpool. 
iasi  SReodman,  J.  B.,  D.8c.,F,R.S.E.     4  lindsay-place,  Edinburgh. 
18W  SSReaater,  James  William.    68  Linden^rove,  Nunhead,  S.K. 
— t    •Redmejt,  Profeawr  Pktbb,  M.D.     4  LoweMrescent,  Belfast. 
■.  JRedgraTe,  Gilbert  R.,  Assoc.Inst.C.E.    The  Elmfl,  Weatgate-rond, 

Beckenbam,  Kent. 
I   IRadmayne,  J.  M.    Harewood,  Gateabead. 
»   IRodmaTTiB,  Norman.    26  Grey-atreet,  Newcastle-upon-Tjne. 
I,  •Redwood,     Boverton,   F.R.S.E.,   F.C.S.      Glen   Watben,   Church 

End,  Finobley,  N. 
1,  IBkm),  Sir  Edwakb  Jambs,  K.O.B.,  F.R.S.     Broadway-ehambera, 
Westminster,  3.  W.  ,,„„,., 

1889   JRaed,  Rev.  George.    Bellingham  Vicarage,  Bardon  Mill,  Carbue. 
"""    'Reed,  Thomas  A.    Bute  Docks,  CarditT. 

['  *Reee,  Edmund  S.  G.    16  Memdale-lane,  Wolverhainpton. 
"  *ReM,  I.  Trebame,  M.Inst,C.E.     Higbfield,  Penarth. 
,DuJ.'  JBaeB,  W,  L.     11  North-crescent,  Bedford-square,  W.C. 
676'  JRaes-Mo/nr,  W.  Wooldridge.     Cholwell  House,  near  Bristol. 
1697'  tReeve  Richard  A.     32  Shater-street,  Toronto,  Canada, 
1881*  5Reid   Arthur  S.,  M.A.,  F.G.S.     Trinity  College,  Glenalmond,  N.B. 
88S"  'Rbid,  Olhmkt,  F.R.S,,  F.L.S.,  F.G.S.     28  Jermyn-street,  S.W, 
.892^  tRHin,  E.  "Waymottth,  B.A.,  F.R.S.,  Professor  of  Physiology  in 

UniverBity  College,  Dundee.  ^^ 

1889.  JReid,  G.,  Belgian  Consul.     Leazes  House,  Newcaatle-upon-Tyne. 
1876'  iReid,  James.     10  Woodside- terrace,  Glaagnw, 
1897.  §Beid,  T.  Whitehead,  M.D.     St.  Oeoive'a  House,  Canterbury, 
I892!  tReid,  Thomas.     TTniverHity  College,  Dundee. 
[887    'Reid,  Walter  Francis.     Fieldaide,  Addlestone,  Surrey, 
893!  jRainacb,  Baron  Albert  von.    Frankfort  s.  M.,  Prussia. 
876    SRHIltOU),  A.  W.,  M.A.,  F.R.S.,  Profeaaor  of  Physics  in  the  Royal 

Naval  Oollece,  Greenwich,  S.E. 
863    tBlNAM,  E.     '  Nottingham  Eipreaa '  Office,  Nottingham. 
1894.  IRbnbA!.!.,  Rev.  G.  H.,  M.A.     Oharterhonae,  Godalming. 
1891.  'Randall,   Rev.  Jamei  Robaon,  B.A.      Whinsida,    Whalley-road, 

Accrington. 
1886.  tEamwtt,  !*'•    12  Golden^aqoare,  Aberdeen. 
889   *R«niue,  GeorRo  B.    20  Lowndw-atreet,  S.W. 
867.  IBenny,  W.  W.    8  DouglaB-tetrace,  Broioffbty  Ferry,  Dundee. 
ftftJL  'Ravnolds  A.  H.     Bank  House,  135  Lord-street,  Southport. 
871.  IRirKOLii,  Jambs  Embrbon,  M.D.,  D.Sc.,  F.R.S.,  F.O.^.,  M.R.I.A., 
ProfeflsOT  of  Chemistry  in  the  UniTenity  of  Dublin.   The  Labora- 
tory, Trinity  College,  Dublin. 
l900;  'Reynolds,  Miss  K.  M.     4  Colinette  Road,  Putney,  S.W. 
870.  rRBinOLDB,  GsBOKira,  M.A.,  LL.D.,  F.R.S.,  M.Inst.C.E.,  Professor 
of  Enpneering  in  OweM  College,  Manchester.     19  Lady  Bam- 
roa^CPallowfield,  Manchester. 
896    tReynolda,  Richard  S.     73  Smithdown-Iane,  Liverpool. 
869.  SRhodes,  Albert    Fieldhurst,  Lireradge,  Yorkshiie. 
888  'Itiodes,  John.    Pottemewton  Houae,  Chapel  Alierton,  Leeda. 
87?!  'RhodoB,  John.    360  Blackburn-road,  Accrington,  Lancaahire. 
888.  %Bhode»,    John    CUorge.      WarvuA  Hotae,   46  St.  Oeorge's-road, 

1800.  JBliodes,  J.  M.,  MJ).    Irr  L<%e.  ^'^''^A      , 
[884.  tRliodM,IJeat.-ColonelWin»ia.    Quebec,  Oanads. 


,  V,  Google 


LIST  OF  MEMBERS. 


1899.  •Rhi8,  Professor  JoHs,  M.A.    Jemia  Oolkge,  Oifofd. 

1877.  'fficcMdi,  Br.  Paul,  SecrBtar*  of  the  Societv  of  NatuimlUti.     Ri« 

Moro,  14,  Modana,  luly. 
1891.  tRichardi,  D.    1  St.  Andren'a-creseeDt,  Cardiff. 
1891.  iRichards,  II.  M.     1  8L  Andrew's-crpscent,  Cardiff. 
1889.  imcliards.    Professor   T.    W.,   Fh.U.    Cambridge,    UaMM^iwtU, 

U.S.A. 
ISSri.  'RiCHABDsoK,  Abtkcb,  M.D. 

1861).  'Kichurdsou,  Charlfa.      6  The  Avenue,  Bedford  Parit,  ObiawicJc 
1882.  $mchardsOD,  Hev.  George,  M.A.     Wnkote,  Wiacbester. 
1884.  'Richardeon,  George  iStraker.     Isthmian  Clab,  Piccadilly,  W. 
1889.  tRiehardsou,  Hui;li.,  M.A.    Boothun  Scbool,  York. 
1884.  *Richard8on,  J.  t;l(irke.     Darwen  Fawr,  Swansea. 
1896.  •Richardson,  Nelson  Moore,  B.A.,  F.E.S.     Montevideo,  ChidMleU, 

near  Weymouth. 
1870.  ttUchnrdson,  Ralph,  F.R.S.E.    10  Magdala-place,  Edinboi^. 

1880.  tRichardsoQ,  Thomas,  J.P.  7  Windsor-terrace,  Newca8tl».upaD-3ynk 

1881.  iRK/iardeon,  W.  B.     Elm  Hank,  York. 

1876.  §Ricbardsf.n,  William  Haden.    City  Qlaaa  Works,  OlasgOTr. 
1891.  tRicliee,  <;arltDD  H.    31  Dumfriea-plaee,  Cardiff. 
1881.  JRichea,  T.  Hairy.     8  Park^rove,  Cardiff. 

1886.  g  I  Rich  mood,  Robert.     Ileatbvrood,  Lei^ton  Bauard. 

1808.  IRicifEna,CHAKLES,  M.D.,F.G.S.    19  Hamiltoii.equaTe,BiAsD]Mad. 
•RlDDEU.,  Major-General  Chaklbs  J.  BuCHASUT,  O.B.,  R.A.,  FJL3. 

Uaklands,  Ghudleigh,  Devon. 
188.5.  •RiDE.tL,  Samuel,  D.Sc.,  F.O.S.    28  Victoria-street.  8.W. 
1894.  SItiDLBV,  E.  P.    Burwood,  Westerfield  Road,  Iiwwioh. 
1801.  fRidley,  John.    19  Belsi/e-park,  Hampstwd,  N.W. 
1889.  tRidlev,  Thomas  U.     Coatham,  Redcar. 
1884.  jlUdoiit,  Thomas,     Ottawa,  (iansda. 
1881.  -Itijrtr,  Arthur.    15  Westboiu-ne  Park  ViUaa,  W. 
18&J.  'Riao,  Edward,  M,.A..    Itoval  Mint,  E. 
18!t2,  JRintoul,  1).,  M.A.     01ifti>D  CoUeire,  Bristol. 
1873.  JRipley,  Sir  Edward,  Bart,    Apacia,  Apperley,  near  Leeds- 

•RiPOM,   The  Most   Hon.  the   Marquess  of,  K.G.,  G.O.8.I.,  O.I.E., 

D.C.L.,  F.R.:S.,  F.L.S.,  F.R.O.S.    9  Chelsea  Embankment,  S.  W. 
im-i.  tRitchie,  R.  Peel,  AI.D.,  F.R.S.E.     1  Melvitl»«i!Mcent,  Edinbiu^ 
1867.  XRilchie,   William.     Eiiinlfa,  Ihmdfe. 
1889.  JRitsou,  U.  A.     1  Jeemond-gBrdeiu,  NewCBstle-upon-I^iM. 

1900.  5Ri%c.n,  F.  W.,  B.Sc.     79  Green  Lane,  Heywood,  LaoCMhite. 
181)8.  §Robb,  Alfred  A.    Lisnabreen;  House,  Belfast. 

18U9.  'KoBDiNS,    Joss,  F.C.S.     67    Warringtoa.«reaoeDt,   Maida    Tala, 
London,  W. 

1887.  'RoberM,  Evan.    30St.  Oeorfre's-square,  R^ent's  Park.N.W. 
1859.  tRoberts,  Geonro  Cbristoiiber,     Hiill. 

1870.  •RouERTB,  Ibaac,  D.Sc.,  F.U.S.,  F.B.A.S.,  F.G.S.    Starfield,  Ciwr- 

bo rough,  Sussex. 
1894.  'Roberts,  Miss  Janora.     14  .Alexandra  Road,  Bonthport. 
1881.  ]RobertB,  R.  D.,  M.A..  D.Sc.,  F.O.S.    17  CharterhouaMquare,  E.C. 
1879.  IRoberU,  Samuel.     The  Towers,  ShelBeld. 
187B.  JRob.'rts,  Samuel,  jun.    The  Towers,  Sheffield. 
1896.  ^Roberts,  Thomns  J.    Xi  Serpentine-road,  Egremont,  Ohealiire. 
1808.  •IU.BBRra-Ac8TKir,SLrW.0HAj»itLaa,K.C.a,D.C.L.,F.R.8.,V.P.CA, 

Chemist  til  the  Royal  Mint,  and  Professor  of  MetAUtugjin  tka 

Royal   College  of'Sciencn,  London.    (Gbnbeai.  Ssckxiabt.) 

Royal  Mint,  E. 
1833.  JiRobensou,  AJeuodar.    !lfonQMl,Cuad«. 


n,gti7cdT:G00glc 


LIST  OF  IfEMBERS. 


1884.  tRobertaon,  K  Stftnle;,  HA.    43  Wfttorloo-nwd,  Dublio. 
1883.  tH^bertson,  Qeorfre  H.     PIm  Newydd,  Llaivollaii. 

1883.  fRobertson,  KItb.  George  H.     Plas  Newydd,  LIui)K)11«d. 

1897.  5R0BBRTBOH,  Sir  Qeoksb  S.,  K.C.S.I.     1  Pump  Court,  Temple,  E.C. 
1897.  JRobertson,  Profeasor  J.  W.     UepsrCment  of  Agriculturo,  OttftiCA, 

Canada,. 
1893.  tRotertBon,  W,  W.     3  Purlianient-equare,  Edinburc-b. 
1888.  'Bohim,    Edirard    Oiokjoort/r'/,    F.S.A.      K  MarlSorough-roaii,   St. 

John*  IJVrf,  -V.  jr. 
1880.  'Rolnnmi],  C.  It.    L>7  Elvatbam-road,  BirmiDg-hftm. 
1808.  SRobinaoa,  Cbarlec  E.,  M.Inat.C.E.     St^Iboroe,  Ashburton,  Soutb 

1861.  tHoMnsoD,  Enoch.    Diikinfield,  AebtoD-under-Ljne. 
1897.  jBolnDBOD,  HayDes.     St.  ailes'i  Plain,  Norwich. 

1887.  5Robiu8on,  Henry,  M.Inat.C.E.     13  Vietoria-Btreet,  S.W. 

1888.  tRobinson,  John.     8  Vica»ge-t«rr&ce,  Kendnl. 
1803.  JRobinflon,  J.  H.    6  Montallo-terrace,  Barnard  Oastle. 
1878.  JRobineon,  John  L.     198  Great  Bninswiclt-Htreat,  Dublin. 

1896.  'Bobmeon,  Joeeph  Johnson.     8  TrafalgBr-roBd,  Birkdale,  Soutbport. 
187U.  IBobiuson,  M.  £.    6  Park-circus,  Glaagow. 

1890.  'Robinson,  Mark,  M.ln«t.O.E.     Overalade,  Billon,  neai  Rugby. 
1887.$$Robinw)ii,  Richard.    BelUeld  MUl,  Rocbdale. 

1861.  tRobinMn,  Richard  Atkinson,     105  Brompton-road,  S.W. 
1876.  'Rolaiwon,  Robert,  M.Inst.C.E.     Beeehwood,  Darlington. 

1884.  JRobinwm,  HtiUman.     Columbus,  Ohio,  U.S.A. 
1863.  JRobinaon,  T.  W.  U.    iroup:hton-le-Spting,  Durhiini. 

1891.  ]:KobinBOn,  William,  .\seoc..M.li)flt.(.'.E.,  Proreesor  of  Engineering  in 

University  College,  Nottinjrhani. 
1888.  tRobottom,  Arthur.    3  St.  AlbauVTillas,  Hifthrate-road,  tf.W. 
1870.  'Robeon,   E.  B.     Palace  Chambers,   9   Uridge-etreet,   Westminister, 

S-W. 


187^.  'Kobeoo,  William.    6  UUlBland-rond,  Mereniston,  Edmburc-o. 

1890.  IRoeheeter,  The  Right  Rev.  E.  S.  Talbot,  D.D.,  Lord  Hahop  of. 

Kenninffton  Park,  S.E. 
18e6.J{Rock,  W.  II.     73  Park-rood  East,  Birkeohend. 

1896.  tRodger,  Alexander  M.     The  Museum,  Tay  Street,  Perth. 
1685.  ■Rodger,  Edward.     1  Clairmout'^cdeng.  Glasgow. 

1885.  'Rodriguet,  Epifanio.     New  Adelphi  Cbamben,  6  Robert  Street, 

AdBlphi,  W.O. 
1866.  IBoe,  Sir  Thomas.     Grove-villas,  Litchurch.  . 

1898.  IRooEBH,  DwBTaiii,  M.D.     11  York-place,  Clifton,  Bristol. 
1807.  IBogers,  James  S.     Rosemill,  by  Dundae. 

1690.  'Rogers,  L.  J.,  M.A.,  Professor  of  Mathematics  in  Yorkshire  College, 

Leeds.     13  Beech  U rove- terrace,  Leeds. 

1883.  JBogere,  Major  R.     Alma  House,  Cheltenham. 

1882.  JRogers,  Rev.  Canon  Saltren,  M. A.     Trasleigh,  St,  .Vustall,  Cornwall. 

1884.  *Rogers,  Walter.     Hill  House,  St,  Leonards. 
1889.  tR^nion,  John.    Croxdale  Hall,  Durham 

1897.  tRcgeraoD,  John.    Barrie,  Ontario,  Canada. 

1876.  IRoLLTT,  Sir  A.  K.,  M.P.,  B.A.,  LL.D.,  D.O.L.,  F.R.A.S.,  Hon. 

Fellow  K.G,I,.    ThwaiU  House,  Cottingham,  East  Yorkshire. 
1892.  'Romanes,  John.     3  Oswald-road,  Edinburgh. 

1691.  tRonnfeldt,  W.     43  Park-place,  Cardiff. 

1894.  'Rooper,  T.  Godolphin.     12  Cumberland-place,  Southampton. 
1881.  'Roper,  W.  O.    Bank-buildings,  Lancaster. 

1865.  'BoBOOi,  Sir  Hotbt  Eitfikji,  B.A.,  Ph.D.,  LL.D.,  D.CX.,  F.R.S. 
10  BrAmham-gaidena,  S.W. 


n,gti7cdT:G00glc 


LIST  OF  MEMBERS. 


1883  *BoBe,  J  Holland,  M.A.    11  Endleshun-road,  BaUtun,  3.W. 
1894.  'RoBe,  T.  K.,  D.Sc.    9  Royal  Mint,  E. 

1900.  SRoseohain,  Walter,  BA.    St.  John's  College,  Csmbridge. 

1H86.  tRo«,  Aleiwidar.    Kverfleld,  InvemeM. 

1887.  IRoBS,  Edward.    Marple,  Cheshire. 

1869   'Ross,  Rev.  JameBOouIman.    Wadworth  Hall,  Doncaatw, 

1869.  'RoBSE,  The  Biriit  Hon.  the  Eari  of,  KJ".,  B.A.,  D.O.L.,  LLJ>., 

F.R.S.,    f!R.A.S.,     M.B,I.A.      Birr    Castle,    pBreonstown, 

Ireland. 

1891.  SRoth,  H.  Line.     .32  Preacotfltreet,  Halifax,  lorkshtre. 
1893.  tRotbera,  G,  B.    Sherwood  Rise,  Nottingham. 

1865.  •Bothera,  Georf^e  Bell.     Hazlewood,  Forest  Grove,  Kottingham. 

1876.  JRottenburffh,  Paul.     13  AllHon-ctescent,  Glaagow. 

1899.  'Round,  J.  C,  M.R.C.S.    19  Crescent-road,  Sydenham  Hill,  S.E. 

1884  'Rouse,  M.  L.    Hollybank,  Hayne  Road,  Beckenham. 

1861.  tRoDTH,  Edward  J.,M.A.,  D.Sc.,  F.RS.,  F.E.A,S.,  F.O.S.      St. 

Petor'a  Oollege.Oamhridge. 
1861.  tRowan,  Darid.    Ellioirstreet,  Glaafrow. 
1B83.  tRowan,  Frederick  John.    134  St.  Vincent-atreat,  Glaagow. 
1881.  t^irc,  Sfv.  <f-     Lord  Mayor*  Walk,  Tork. 

1866.  JRowe,  Bev.  John.    13  Hampton-road,  Forest  Gate,  Essex. 

1877.  JRcWE,  J.    Beookihs,  F.L.S.,  F.S.A.      16    Locl^er-etrest,    Plj- 

mouth. 
1890.  JBowley,  Walter,  F.S.A.     Alderhill,  Mcanwood,  Leeds. 
1881.  'RowHTRBE,  John  S.     Mount  Villae,  York. 
1881.  'RownUBe,  Joaeph.     38  St.  Mary's,  York. 
1876.  tRoibunfh,  John.    7  Royal  Bank-tenace,  Glasgow. 
1886.  JRoy,  John.    33  Belvidere^fltreet,  Aberdeen, 
1899  SSRubie,  O.  S.    Bel|{rave  House,  Folkeatone-road,  liover. 

1875.  'RucKBB,  A.  W.,  ILA.,  D.Sc,  Sec.R.S.,  Professor  ot  Phyaiea  in  the 

Rovnl    Colle|?e    of    Science,    London.       (I'residkht-blici.) 
IS'  Gledhow -gardens.  South  Kenainffton,  S.W. 

1892.  SRiicker,  Mrs.      I^vetleigb,  Dane-road,  St.  Leonaids-on-Se*. 
1869    Ibcblbb,  F.  W.,  F.G.S.    The  Museum,  Jermyn-street,  S.W, 

188"    iRumball.  Thoraw,  M.Inst.O.E.      1  Victoria  VUlas,  Brondeaboiy, 

N.W. 
1896.  'Rundell.  T.  W.,  F.R-Met-Soc.     25  Castla-street,  Liverpool. 
1887    TRuBcoe,  John.     Femdale,  Gee  Cross,  near  Maneheater. 
1889    IRuBsell,  The  Eight  lIoD.  Earl.     Amberley  Cottage,  Maidenhead. 

1876.  'Ruasell,  The  Hon.  F.  A.  It.     Dunrozel,  Haslemera. 
1884,  JRussell,  George.    13  Church-road,  Upper  Norwood,  S.E. 

Busflfeil,  John,     39  Mountjor-square,  Dublin. 
1890.  JRuesell,  J.  A.,  M.B.     Woodvilte,  Canaan-lane,  Edinboi^. 
1883.  'Ruwell,  J,  W.     16  Bardwell-coad,  Oxford. 
1852.  'RuaseD,  Norman  Scott.     Arts  Club,  Hanove^square,  W. 
1876.  JRuBeell,  Robert,  F.G.S.    1  Sea  View,  St  Beet,  Camforth. 
1886    IRuBBell,  Thomaa  H.     3  Newholl-street,  Birmingham. 
1862  'RuBSBiL,  WiujAM  J.,  Ph.D.,  F.R.S.,  F.C.S.     34  Upper  HaimltoD- 

terrace,  St.  John's  Wood,  N.W. 
1886.  jRust,  Arthur.     Eversleigh,  Leicester. 
1897    IRutherford,  A.     Toronto,  Canada. 

1891.5  IRutherford,  George.     Dulwich  House,  Psncisely-toad,  Cardiff. 
188?!  tRutbeiford,  William,    7  Vine-pove,  Chaian«n-«treet,  Hulme,  Man- 
chester. 
1879    XRuxl<m,Vice'AdmiTal,FitdierbertE.y.    41Crom,v>dl-^ardait,S.W. 
1875'  XByflU,  Charlt*  Wagner,  LL.D.     S  Srich^xtirt,  Tt>omte,E.C. 
1889.  JRyder,  W.  J.  H.    62  JesmQnd-MadfNewcaetle-npon-l^rB*. 


,  V,  Google 


LIST  OF  MEMBERS. 


1SEI7.  {RjerKiD,  6.  S.,  MiD.    Toronto,  Ouuda. 

ISea.  ^yknd,  C.  J.    Southeindon  Hoqm,  OUftou,  Briatol. 

ISee.  IBjland,  Thomas.    The  Badlandi,  ErdingtoD,  "'     ' 

1883.  tS&dler,  Robert.    7  Lulworth-Toad,  ^kdale,  Sauthport. 

1671.  ISttdler,  Samuel  Champemowue.    186  AldeT8gat«-«treet,  E.C. 

1886.  ]St,  Clair,  Otorge,  F.O.S.     226  CaiOe  Road,  Cardiff. 

18S3.  ISalmbubt,  The  Most  Hon.  the  Marquii  of,  K.Q,,  D.O.L.,  FJt.S. 

20  Arlington  Street,  8.W. 
1861.  tSft&eld,  William.    4  Faradise-terraca,  Darlington. 
1867.  tSALHOs,  Rev.  Ssoesb,  D.D.,  D.C.L.,  LL.D.,  F.R.8.,  PloTost  o 

Trinity  College,  Dublin. 
1873.  •Salomons,  Sir  David,  Bart.,  F.G.S.    BroomhilJ,  Tiiabridge  W«lla. 
1S87.  tSamnon,  0.  L.    Canoona,  Eerwl,  Mancheater. 
1861.  *SamKin,  Henrr.    6  St.  Petst'a^qiiare,  MancheetOT. 
1804.  tSutcBLBOir,   The    Right    Hon.    Sir   BsBiraABD,    Bart,   F.R.S., 

M.Inst.C.E.     66  Frinos's^te,  8.W. 
1878.  tSandeis,  Alfred,  F.L.8.    S  Clarence-place,  GnTeMnd,  Kent 
1883.  tSsnderaoD,  Deputy  Suigeon-Oeneral  Alfred.     East  India  United 

Service  Club,  St  James's-aquare,  8.W. 
1893.  tSandereoB,  F.  W.,  M.A.    The  Schwl,  Oimdle. 
1872.  SSuTDBBsoH,  Sir  J.  8.  BuBDor,  Bart-,  M.D.,  D.Sc,  LL.D.,  D.CX., 

F.R.S.,F.R.S.E.,R«giui  Profeaaor  of  Medicine  in  the  Univenitj 

of  Oxford.    64  Banbory-road,  Oxford. 

1885.  tSaudereon,  Lady  Burdon.     64  Banburv-road,  Oxford. 

Sandea,  Thomas,  A.B.     Sallow  Qlin,  Tarbert,  Co.  E^ry. 
1896.  $Saner,  John  Arthur,  Assoc. M.Inat.O.E.    Highfield,  Northwicb. 
1896.  jSaner,  Mrs.    Highfield,  Northwich. 
1882.  SSang,  William  D.    Tvlehurst,  Kirkcaldy,  Fife. 

1886.  SSankey,  Percy  E.  44*  RuseeU  Square,  W.C. 
1896.  'Sargant,  Mies  Ethel.  Quarry  ml,  Reigate. 
1896.  tSanjant,  W.  L.    Quarry  Hill,  Reigat*. 

1886.  ISaubom,  John  Wentworth.     Albion,  New  York,  U.S.A. 

1888.  jSaundby,  Robert,  M.D.    83a  Edmund  atreet,  Birmingham. 

1900.  ■Saunder,  S,  A.     Fir  Holt,  Crowthome,  Berks. 

1668.  tSaundars,  A..,  M.Inst.C.E.    Eing'^  Lynn. 

1886.  ^Saonders,  C.  T.    Temple-row,  Birmingham. 

1881.  ISauitsebs,  HowA&n,  F.L.S.,  F.Z.S.    7  Radnor-place,  W. 

1883.  {Saunders,  Rev.  J.  0.    Cambrid^. 

1846.  tSAUKDEBS,  TBBLAwmrt  W.,  F.R.Q.S.    8  Elmfield  on  the  EnowlM 
Newton  Abbot,  Devon. 

1884.  lSAUin)£BB,  Dr.  Williak.    Experimental  Farm,  Ottawa,  Gqnads, 
1891.   jSannderg,  W.H.  R.     Llaniihen,  Cardiff. 

1884.  tSaunderaon,  C.  E.    'J&  St.  Famille-etreet,  Montreal,  Canada. 
I887.S§3avBge,  Rev.  Canon  E.  B.,  M.A.,  F.8.A.     St.  Tbomaa'  Vicuage, 

Doug'laB,  Isle  of  Man. 
1871.   JSavHge,  W.  D.     Ellerslie  House,  Brighton, 
1883.   JSavage,  W.  W.     109  St.  James'ii-etrBet,  Brighton. 

1883.  JSavery,  Q.  M.,  M.A.     The  College,  Harrogate. 

1887.  SSatoe,  Rev,  A.  H.,  M.A.,  D.D.,  Profeaeor  of  ABsyriolqiiy  in  the 
TJniverBty  of  Oxford.     Queen's  College,  Oxford. 

1884.  JSayre,  Robert  H.     Bethlehem,  Penn^lvania,  U.S.A. 
188.3,   •Scarborough,  Gtooi^.     Whinney  Field,  Halifax,  Yorkshire. 
18S4.  tScarth,  William  Bain.    Winnipeg,  Manitoba,  Canada. 

1879.  "ScHAjfBB,  E.  A.,  LL.D.,  F.R.S.,  M.R.O.S,,  Profewoi  of  Phyriolop 
in  the  University  of  Edinburgh. 
1900.  P    •*  ^  , 

n,gti7cd  ay  Google 


LIST  OF  WRMPKRff. 


1888.  'SdHUurr,  BoBSix  F.,  FltJD.,  B.Sc,  Keeper  of  the  NMnial  Hjotoiy 
DepaJtmeiit,  Uuwnm  of  Science  uid  Art,  Dublin. 

1680.  'SchemmMuii  Louis  Cul.  Hunbuig.  (Care  of  Meaan.  Allen  Emitt 
&  SonSp  Gtmiiiiffhuii.} 

1892.  tScUosa,  David  F.    1  KnarMboroua'b-plue,  S.W. 

1842.    Schofleld,  Joaeph.    Stublej  HsU,  LitUeboronarh, 

1887.  ^Schofleld,  T.  Thomfield,  Talbot-road,  Old  Trafford,  1 
1683.  IScliofield,  WiUiam.  Alnu-rcad,  Birkdale,  Southport. 
1660.  SScholea,  L.    Ivy  Dene,  Oak-road,  Sale,  Obeehire. 

ScHUiiCK,  Edwabd,  Ph.D.,  F.It.S.,  F.C.S.    OaklAnds,  Eenal  Horn, 

1873.  •ScHOTTOT,  AnrHUR,  Ph.D.,  F.RS.,  F.RA^.,  Professor  of  Pbydci 

in  the  Owens  CoUegv,  Mancheeter. 
1847.  'ScLiiBK,  Philip  Lutlft,  ITA.,  Ph.D.,  F.R.S.,  F.L.S.,  F.Q.S., 

F.R.O.S.,  Sec.Z.S.    3  Hanovei^quare,  W. 

1883.  *ScuTER,  W.  IjVTUEJ,  M.A.,  F.Z.a    South  African  Muaeoin,  Gap« 

Town. 
1607.  tSooii,  Alexutdbb.    Clydeedale  Bul^  Dundee. 
1881.  'Scott,  Albzuidbr,  M.A.,  D.Sc.,  F.R.S.    Rojal  Inatitation,  Albe- 

marle^atreet,  W. 

1878.  'Scott,  Arthur  William,  M.  A.,  Profeaeor  of  HatlieinaticB  and  Natural 

Science  in  St.  David's  College,  Lampeter. 
1881.  JScott,  Miss  Charlotte  Angaa,  D.Sc.    Bryn  ilawr  CoUege,  Pennajl- 
vania,  U.S.A. 

1888.  'Soon,  D.  H..  M.A.,  Ph.D.,  F.R.S.,  F.L.S.    {GKirEttiL  Sbcebtabi.) 

The  Old  Palace,  Richmoiid,  Surrey. 
1886,  JSrott,  QeorKs  Jamiaflon.    Bayviev^  Home,  Aberdeea. 
1807.  tScott,  James,     173  Jameson-avenue,  Toronto,  Canada, 
1867.  'Scott,  Robbbi  H.,  SLA.,  F.R.S.,  F.R.Met.S.    6  Elm  Park-gardens, 

S.W. 

1884.  'Scott,  Sydne;y  C.     28  The  Avenue,  Gipey  Hill,  S.E. 

1806.  JScott-Elliot,  G.  F.,  M.A.,  RSo.,  F.L.S     Newton,  Dumfries. 

1881.  'Scrivener,  A.  P.     Haclis  House,  Wendover, 

1683.  JSerivener,  Mrs.     Haftlis  House,  Wendover. 

1896.  «ScuU,  Uisi  £.  M.  L.    The  Pines,  10  Langland-««rdena,   Bamp- 

stead,  N.W. 

1890.  jSearle,  G.  F.  C,  M.A,    Peterhouee,  Cambridge, 
186d.  JSeatoD,  John  Love,    The  Park,  Hull. 

1880.  tSBDewicK,  Abak,  U.A.,  F.RS.  TriuityCollegeand  4  Crafen-road, 

Oambndge. 
1861.  'Seblbi,  Habbt  Gotibb,  F.R.S.,  F.L.S.,  F.G.S.,  F.R.G.S.,  F.2.S., 

Profeesor  of  Geolo^  in  Kiufr'e  College,  Louden.     26  Palace 

Garden*-terrace,  KewinRton,  W. 

1891.  ISelby,  Arthur  L.,M.A,,  Absiatant  Ftofeesor  of  Fhjncs  in  Unifem^ 

College,  Cardiff. 
1893,  tSELBT-BiQHB,  L.  A.,  M.A.    Charitj  Commission,  Whitehall,  S.W. 
1855.  tSeligman,  H.  L.    27  St.  Vincent-place,  Glasgow. 

1879.  ISeUm,  AdotphuB.    21  Mincing-lane,  £,C. 

1897.  ISelous,  F,  C.,  F,Il.G.S.    Alpine  Lodge,  Worptesden,  Surrey. 

1884.  ISblwtm,  A.  It.  C.  O.M.G.,  F.R.S..  F.G.S.    Ottawa,  Canada. 

1885.  tSemple,  Dr.  A.     United  Service  Club.  Edinburgh. 

1888.  'Sbribb,  Alfbed,  M.D.,  Ph.D.,  F.C.S..  Professor  of  Ghemiatry  in 

Queen "b  Collepe,  Galway. 
1888.  'Sennett,   Alfred    R,    A.M.Inst.C.E.      The    Chalet,    PortiiMca^ 

road.  Putney,  S.W. 
1870.  'Svphton,  Rev.  J.    90  Huskisaon-«tre«t,  IdverpooL 

1892.  JSeton,  Miu  Jane.    37  Candlemaker-row,  Eduborgh. 


n,gti7cdT:G00glc 


UST  OF  MV.TiirRti;Rfi, 


1895.  *9etOD>EtuT,  H.  W.    31Iii«fieId.Itoad,'WiiiiUodoii,  Samr. 
1892.  SShwakd,  a.  C,  M.A.,F,R.8.,F.G.e.    WwtOeld,  Hantingdoii-roiid, 

Cambridge. 
1891.  ]:Seward,  £dwiD.    6S  Newport-nMd,  Gurdiff. 
1868.  tSewall,  Philip  E.    Ofttton,  Norwich. 
1899.  iSt^mooT,  Hnut,  J.     16  Wellinfjcton-Toad,  Dublin. 
1891.  tShackeU,  E.  W.    191  Nswport-road,  Cardiff. 
1888.  tShacUes,C>urieaF.    Hornsea,  near  Hull. 
1883.  IShadwell,  John  Lancebt.    80  St  Oharks-sqaan,  Ladlnub  Qrore- 

load,  W. 
1871.  'Shand,  James.    Farkholme,  Elm  Fark-gaidsns,  S.W. 
1867.  tShuLks,  James.    Dens  Iron  Works,  Arbroath,  N.B. 
1881.  IShsnn,  George,  M,D.    Peteigate,  York. 
1876.  tSsAXF,  Diyn),  ItLA.,  U.B.,  F.B.S.,  F.L.S.    Musenm  of  Zoologj, 

Oainbridg«. 
1896.  JSharp,  Mrs.  E.    66  SantOT.8twet,  "Warriiigtott. 
Sharp,  B«v.  John,  B.A.    HorlmrT,  'Wakefield. 

1886.  I3harp,T.B.    French  Walls,  Krmf-  "  - 

1888.  ISharples,  ChorbeH.    7f1shergat- 
1870.  tShsir,  Dnncan.    OordOTa,  Spain. 
1696.  JShaw,  Frank.    Ellerslie,  Aigbarth-drive,  LJTerpool. 
1866.  ^Shaw,  Oeonre.     Oannon-street,  Bimiingham. 
1870.  tShaw,  John';    21  8t  JamaaVroad,  lirerpool. 
1691.  IShaw,  Joseph.    1  Templ»«a]-deiis,  E.O. 

1889.  'Shaw,  Mrs.  M.  S.,  B.Sc.    Halberton,  near  Hverton,  Devon. 

1887.  tShaw,  Saville,  F.C.S.    CoUege  of  Sdence,  Newoaatle-upon-TTne. 

1888.  'Skaw,  W.  N.,  M.A.,  F-B-S.    Meteorological  Office,  Victoria-street, 

8.W. 
1888.  tShaw,  Mra.  W.  N.    Afotetnological  Office,  Victoria-street,  S.W. 
1601.  ISheen,  Dr.  Alfred.    S3  Newport-road,  Cardiff. 
1878.  IShelford,  William,  ILInst.Cf.K      36a  Great  George-etreet,  West- 

minflter,  S.W. 
1896.  JShenatone,  Fnidarick  S.    Sutton  Hall,  Bareombe,  Lewes. 
1881.  tSoKiraTOHB,  W.  A.,  F.R.S.    Clifton  College,  Bristol. 
1886.  tShephord,  Hev,  Alexander.    Ecolesmeeben,  Uphall,  Edinburgh. 
I860.  tSbepherd,  J.    Caie  of  J.  Bedmayne,  Esq.,  Grove  House,  ^ading- 

lej,  Leeds. 
1883.  IShepherd,  Jamee.    Krkdale,  Southport. 
1900.  SSheppard,  Thonuw,  F.G.S.    432  Holdemess  Road,  Hull. 
1883.  iSherlock,  David.    Rahan  Lodge,  Ihillamore,  DubHn. 
1BS3.  ISherlock,  Mrs.  David.    Rahan  Lodge,  TuUnmoie,  DnUin. 
I8SS,  ^Sherlock,  Rev.  Edgar.    Benlham  Rectory,  m4  Lancaster. 
1896.  SSESBKiReioir,  0.  S.,  M.D.,  F.R.S.,  Professor  of  Physiology  in  Uni- 
versity C<Jlwre,  Liverpool.     16  rirove-park,  Liverpool. 
Shickle,  &v.  C.  W.,  M.A.     6  Cavendish  Oreeeent,  Bath. 

{Shield,  Arthur  H.    36a  Great  George-street,  S.W. 

tShields,  John,  D.Sc.,  Ph.D.    Dolphingston,  Tiaoent,  Scotland. 

•Shillitoe,  Buiton,  F.R.C.8.    3  Fiedenck-place,  Old  Jewry,  E.C. 

IShinn,  William  C.    89  Varden's-road,  Olapham  Junction,  Surrey 
S.W. 

■Shiplbx,  Abtbub  E.,  M.A.    Christ's  College,  Cambridge. 

IShipley,  J.  A.  D.    Saltwell  Park,  Gateshead. 

tShirras,  G.  F.    16  Caiden-^ce,  Aberdeen. 

tShone,  Isaac.    Pentrefelin  House,  Wrerham. 

*Shooi3SED,  J.  N.,  M.lEHt.O.E.     47  Victoria-Btreet,  S.W. 

tShoppee,  C.  H.     22  John-nlreet,  Bedford-row.  W.O. 

IShore,  Dr.  Lewis  E.    St.  John's  College,  Cambridge. 


,  V,  Google 


LIST  OF  UEUBEBS, 


188S.  JSbou,  T.  W.,  HJ).,  B.80.,  Lectonr  on  CompantiT*  Aftttamr  at 

8t  Butholomew'i  HoamUl.     HeatMeld,  AUmi  Pu^  Ihil- 

wich,BJi. 
IB87.  tSbortt,  ProTsMor   Adun,   H.A.    Queen'i    UmTanitf,    Kii^fltoB, 

OnUrio,  Oanids. 
1689,  tSiU^,  Walter  K.,  B.A.,  1£^    8  Dnke  StTwt-mEnnoiu,  QK«T«aor- 

•quue,  W. 
1888.  t&OAj,  MiM  Mwtlu  AffnM.    Fhdk  Houw,  Tuntoii. 

1885.  *EUde]x>tkui,  Edwaid  John.    ErlMdene,  Bowdon,  Ohnhiis. 
18SS.  *ffidel)othaiii,  Jubm  NMmjtL    Pwkfleld,  Altriocbain,  Ohimhin. 
1S77.  "ffidbbothun,  Joaspli  W»tMn.    TtetUwooi,  Bowdon,  ObMhira. 

Bibmj,U.3.F.    Oowpan, NaweuOa-iipon-'Tpe. 
U7a>  *8i>an,  AmunEB,  M-LuLCJ^     7  Airufrgsrdm,  CAmpdan 

HUl.'W. 
1678.  iSunaav,  Probnor  Gxobsz,  M-D.,  F.L.S,,  H.B.LA.     8  0U» 

itnat,  Dublin. 
1609.  t^wi,  John.    Hudqwte,  Aberdeen. 
1871.  ^SimB,  TiniM     Omgmoimt  House,  Grange,  Edinbnrgli, 
18&8.  tSinunoni,  Btaij.      Kingilend  Houie,  Whitclirtioe-road,  Oliibw, 

BrietoL 
1863.  tSimnu,  Juuea.    186  FlMt«tnet,  E.C. 
1674.  tSmou,  'WniiMn.    Upper  Queen-«treet,  Bel&it. 
1676.  tSimon,  Frederick.    24  Sutherland-gwdeni,  W, 
1617.  ISntoir,  Sir  Jomr,  E.C.D.,  M.D.,  D.C.L.,  F.R.B.    40  KenwDgtoB- 

■quue,  W. 

1893.  iSimp»on,  A.  H.,  F.S..Met.Soc.    Atttnborougk,  Kottii^lmnukin. 
1871.  'Siwvoir,  ALsxAimiB  R.,  M.D.,  pTofeeaor  of  Hidwifeiy  in  the  Uni- 

reratr  of  Edinlrargb.    62  Queen-street,  Edinburgh. 
1883.  tSimpson,  l^ron  B.    7  York-roed,  Birkdtle,  Soutbport. 

1867.  ISimpeoD,  F.    EaUrcioD  Csntnl,  Buenoa  AjreB. 

1868.  ISimpeon,  Jolm.    HajMrk,  KincaidinetihirB. 

1863.  tSimpaoD,  J.  B.,  F.Q.S.    HedgeSeld  Hotue,  BlftTdon-on-TjrDe. 
1607.  tSnoeoF,  Haxwill,  M.D.,  LLJ).,  F.R.S.,  F.Cf.S.    9  Buton-etreet, 

West  Kenwngton,  W. 

1894.  {SinpeOQ,  Thomas,  F.R.O.S.    Fennjmere,  Ctutle  Bu,  Ealing,  W. 

1883.  tSimpMD,  Walter  M.    7  York-road,  Birkdale,  Soutbport. 
1896.  ■Simpson,  W.,  F.O.S.    The  Gables,  Halifax. 

1687.  tSincluT,  Dr,    266  Oxfoid-street,  Hanchevter. 
1674.  tSinelaii,  Thomw.     Dnuedin,  Belfast. 
1670.  'Sinclair,  W.  P.    iUTolyn,  Prince'a  Park,  liverpool. 
1897.S{8iDiiott,  Jamea.    Bank  of    EngUnd-chamben,    13    Broad-etreet, 
Bristol. 

1864.  'Sircar,  The  Hon.  Mabendra  Lai,  MJ).,  O.I.E.    61  Sankaritola,  Oal- 

1693.  }Sieler,IUcbard,M.II.  11  York-street,  PortnoaiMiaare,  W. 

1879.  ilikerlehly,    Sidney    B,    J.      S    Loughborough^erraee,    Canhattm, 

1863.  ISkiUicomejW.N.    0  Queen's-porade,  Ohdtenbam. 

1886,  tSkinner,  Provost.    InTonirie,  N.B. 

1898,$  i Skinner,    Sidney.      Oromvdl    House,  Tniai[dngton,    Oambridga- 

•hire. 
1893.  tSkinnar,  William.    86  Geonre-square,  Edinbtuvb. 
1868.  jSKKim.  H.  D.,  J.P.,  D.L.    Glavertoo^tanor,  &tb. 
1989.  fSUter,  Matthew  B.,  F.L.S.    Hal  ton,  Yorkshire. 

1884.  tSUttory,  Jamas  W.    0  Stephen's-green,  DubUn. 


,  V,  Google 


USX  OP  MHUHEBS. 


1877.  JSIeemaii,  Rot.  Philip,  L.TL,  FJUl.S.    65  Femlffoka-Kwd,  Olifton, 
BnattA. 

1891.  {Slooombe,  Junes.    RedLmd  Honse,  FiUftlan,  Oudiff. 
18U.  tSLooten,  William  Veim.    Non  BcotiA,  CuiadA. 
1848.  tSloper,  Qeorm  Eknr.    Dstlcm. 

1687.S{SmEll,Evmii  W.,M.A.,B.Sc.,F.Q.S.  The  Monnt,  Badbonrae-street, 

Derby. 
1687.  jSmall,  WiUUm.    lincoln-circns,  The  Park,  Nottjugham. 
1880.  jSmart,  Jamee.    VaUw  Works,  Brechin,  N.B. 
1889:  'Smart  William,  LL.D.    Nunholme,  Dovanhill,  Glasgow, 
1898.  tSmeeth,  W.  F.,  M.A..  F.G.S.    Myaoie,  India. 

1676.  iSmellie,  Thomas  D.    318  St.  Vincent-street,  QIsskow. 

1677.  tSmelt,  W.  Maurice  Allen,  U.A.,  F.R.A.S.      Heath  Lodge,  Ohel- 

tenhun. 
1880.  tSmethnrst,  Oh^ei.    Palace  House,  Hannrhej,  Mancheater, 
1676.  {Smieton,  James.    Panmnre  Villa,  OKmaity  Fenr,  Dundee. 
1667.  tSmletoa,  Thomas  A.    Panmnre  Villa,  Bronghtj  Feiry,  Dundee. 
1802.  tSmith,  Adam  OiUiti,F.S.S^.   WBmmtkemh^rdmi.Edinlmrgh. 

1892.  ISmith,Alezander,B.Sc.,PhJ).,F.R.S.E.  The  UniTersitr,  Chicago, 

siinots,  n.aA. 

1897.  tSmith,  Andrew,  Principal  of  the  Veterinar;  Oollege,  Toronto, 

Oamul^ 
1S79.  'Smith,  Babil  Woodd,  F.R.A.S.    Kanch  BjU  Lodge,  Hampatead 

Heatii,  N.W. 
1874.  'Smith,  Benjamin  Leigh,  F.R.a.S.    Oxford  and  Oamhridge  Clnb, 

FaU  Mall,  S.W. 
1887.  t^mith,  Drjee.    Rye  Bank,  OhorlhHi'Cnm-Hudy,  Manchester. 
1878.  tamith,  0.    Sidney  College,  Cambridge. 

1887.  'Smith,  Oharlee.    738  Bochdale-rood,  Maiicheet«r. 

1888.  'Smith,  Profeesor  0.  Michie,  B.Sc.,  F.R.S.E.,  F.RA.S.     The  Ob- 

eervatOTT,  MadiM. 

1866.  XSmith,  Damd,  F.R.A.8.    40  Bewutfg-MU,  Birwingham. 

1686.  f  Smith,  Edwin.    38  Wheeley's-mad,  EdKhaaton,  Binuinghaa. 

1866.  'Smidi,  Mrs.  Emm&.    Hencotea  House,  Hexham. 

1686.  {Smith,  E.  £^er,  J.P.    The  Priory,  Dudley. 

1800.  {Smith,  £.  J.    Onnge  Hooae,  Westgate  Hill,  Bradfoid. 

1886.  fSmith,  K  O.    Council  House,  Kmungham. 

1883.  JSinith,  E.  Wythe.    66  OolWe-etreet,  Chelsea,  S.W. 

1806.  'Smith,  F.  0.    Bank,  Nottingham. 

1897.  tSmith,  Sir  Frank.    S4  King-street  East,  Toronto,  Canada. 

1886.  {Smith,  Bey.  Q.  A.,  M.A.     21  Sardinia-terrace,  Olawow. 

1 897.  tSmith,  G.  Elliot,  M.D.    St.  John's  GoM^ga,  (^mbri&e. 

1860.  'Smith,  Haywood,  M.A.,  M.D.  18Harley-street,0ByBnai8h-8quiire,W. 

1870.  tSmith,  a  L.    Ciabwall  Hall,  Cheshire. 

1888.  'Smith,  H.  Llewellyn,  B.A.,  B.Sc.,  F.S.S.    4  Harcourt-bmldiags, 
Inner  Temple,  E.C. 

1888.  JSmith,  H.  W.    Owens  College,  Mancheater. 

188B.  {Smith,  BeT.  James,  B.D.    Manse  of  Newhills,  N.B. 
1676.  'Smith,  J.  Guthrie.    6  KirUee-gardens,  Eelyintide,  Qlawow. 

Smith,  John  Peter  George.     Sweyney  Cliff,  Coalport,  Iron  Bridge, 
Shropehire. 
1888.  {Smith,  M.  Holroyd.    Royal  iDSorance  Buildings,  Croasley-street, 

TTuHfaT. 
1887.    SmiUi.Richard^yan.    Villa  Noya, Shrewehury. 
1886.  {SUTS,  BoBEBX  H.,  Aseoc.M.InstC.E.    63  Victoria>street,  S.W. 
187Q.  {Smith,  Samnsl.    Bank  of  Liyerpool,  LiyNpooL 
1878.  {Smhh,  Sax  Swire.    LowSeld,  Keighley,  Taiki!>- 

,  V,  Google 


LIST  OF  MEMBERS. 


1867.  (Smith,  ThomiA.    Dimdee. 

1867.  tSmitb,  Tboniu.    Poole  Fatk  Wotki,  DnndM. 

1868.  (Smitii,  Thomu  JvnM,  F.G.a,  F.G.&    HonuM  Bniton,  Eut  ToA< 

Bblre. 
18M.  {Smith,  T.  Wabond.    14  CalTerlej-patk,  Tanfaridge  Walls. 

1884.  ^Smith,  Venum.    127  Matcalfe-etnet,  Ottawa,  Canada. 
1893.  tSmith,  Walter  A.    120  Prinoee-etnet,  EdiobnrKh. 

1885.  *8mith,  Watgou.    TJniverBitj  OoUMe,  Goww-Mreet,  W.C. 
1896.  'Smith,  Rev,  W.  Hodaon.     SI  EapUiiadft'gBTdeiia,  Scarborough. 
180S.  {Smith,  "VTiUiam.    %liiiton  Eu^e  Works,  Olaagov. 

1876,  'Smith,  William.    Sundon  Honw,  Olifton  Down,  BriatoL 

1876.  (Smith,  William.    13  Woodside-pleee,  Qlsagow. 

1888,  tSuiEBiXB,  Abthub,  B.8c,  ProfwMr  of  Chemisttj  in  tlM  Ttab 

shire  College,  Leeds. 
1883.  (Smithton,  Edward  Walter.    IS  Lendal,  Tork. 
1883.  tSmithaon,  Mra.    13  Lendal,  York. 

1882.  tSmithson,  T.  Spencer.    Fadt,  Bochdale. 
1674.  JSmootbT,  E^erick.    Bockiiw,  Ernes. 

1688.  JSmTth.Rer.  Christopher.    Firwood,  Ohalfbrd,  Stnmd. 

1857,  *SiiiTH,  Jobs,  Mj^.,  F.C.S.,  FJt.M.8.,  MJiisLO.£J.    Hilhowa, 

Banbridge,  Ireland. 
1888.  *Shafb,  H.  Llots,  D.Sc.,  Ph.D.,  F.O.S.,  Professor  af  Ohemistrr  in 

Universit]'  Oollefre,  Aberystwith. 
1688.  XSmU,  Albion  T.    SrighUide,  SaluOury  Soad,  BromMmry,  N.W. 
1676.  {Snell,  H.  Saxon,    33  SouthomptoD-buildings,  W.O. 
1669,  tSnell.  W.  H.     Lancaater  Lodge,  Amersham  Bo«d,  Pntner,  S.W. 
1896.  {SnooK,  Mice  L.  B,  V.     13  Clarfr-road,  Gotham,  Bristol 
1870,  'SoLLiB,  W.  J.,  M.A.,  D.Sc.,  F.B.8.,  F.R.S.E.,  F.G.8.,  Proft«» 

of  Geology  in  the  Unirenity  of  Oxford.    1^  Woodst0Gk-4oa^ 

Oxford. 

1892.  •SoKHBTilL,  Alexandeb.    The  Museum,  Torquay, 
1900.  SSomerTille,  Professor  W.     3  Aduna  Boad,  Cambridge. 

IBOi.  'SOBBT,  H.  Currov,  LL.B.,F.R,S.,  F.G.9,  BroomfitOd,  Sheffield. 
1879.  'Soiby,  Thomas  W.    StorthSeld,  Ranmoor,  Sheffield. 

1893.  XSorliy,  Jamet,  FJtMM.    18  XagdalorcretoeHt,  BiHnbuTffJL 
1888.  (SorieV,  Piofessor  W.  R,    The  UniTersitT,  Oambridse. 

1686.  iSouthaU,  Al&ed.    Carrick  House,  Ricbmond  HilI>road,  Knning- 

1866.  •Southidl,  John  Tertius.    Paikfields,  Boas,  Herafordahire. 

1887.  SSowerbutts,  £U,  F.B.G.S.    16  St.  Mary's  PaiMiiage,  Mancberttv. 

1883.  tSpMitOD,  William  Dunnett,  F.B.C.a.    Ohatterlej  Houae,  Hanhy, 


1890.  (Spark,  F.  B.    39  Hyde-terrace,  Leeds. 

1893.  'Speak,  John.    Kirton  Grange,  Kirton,  near  Boston. 

1887.  JSpencer,  F.  M.    Ferahill,  Knutsford. 

1884.  (Spencer,  John,  M.Inst.M.E.    Globe  Tube  Works,  WedDeabnn;. 

1889.  'Spencer,  John.     Newbiggin  House,  Kenton,  Newcastle-opon-Tyne. 

1891.  'Spencer,  Richard  Evans.    The  Old  Honee,  Uandaff. 

1863.  'Spencer,   Thomas.     The    Otoye,    Byton,   Blajdoo-on-Tyne,   Co. 

Durham. 

1864.  'Spicer,  Henry,  B.A.,  FX-S.,  F.G.S.    14  Aberdeen  Park,  Hi^ 

bury,  N. 
1694.  (Spiers,  A.  H.    Newton  CoUegs,  South  DeTon. 
1664.  'Sfillbb,  Jobh,  F.C.S.    2  St  Hatye-road,  Oaoonbaiy,  N. 
1864.  'SpoMJBwoode,  W.  Hugh,  F.0.8,    107  81oMifr«jr«et,  B.W. 
1864.  'Spsabux,  Thokas  Bond,  M.A.,  LL.D,,  F.B,S.E.    S9  E    ' 

terrace,  Edinburgh. 

Coo,.; 


LIST  OF  MRWBlEl»iL 


1883.  tSpratUiw,  W.  J.,  RSc.,  F.Q.S.    Maythorpe,  74  WicUiuHOad, 

18B6.  tSpieat,  John  Henrr.    Can  of  Maun.  Vines  A  Froom,  76  Aldan- 
gftW-atieet,  E.O. 

1884,  *Sprnee,  Samv«l,  F.0.8.    BmcIi  House,  Albert  Rond,  Tunworth. 

1887.  (Sqnunf  W.  StttTens,  I^B.    CUrendonHouae,  80St.  John's  Wood 

Puk,  N.W. 

1888.  *StacT,  J.  Sarf^eant    Hemel  Hempstead. 

1897.  JSta;K>Td.  Joeeph.    Monubnrg,  Ontmrio,  Canada. 

18B4.  f  Staocoffe,  Freoerick.    Dorcheatai-«tniet,  Montreal,  Canada. 

1893.  IStaofield,    Eichaid,    Assoc M.Intt.C.K,    F.R.S.E.,    Profeaaoi    of 

Engineering  in  the  Heriot   Watt    CoU^e,  Edinliiu^h.      49 
Mayfield-rMd,  Edinburgh. 

1883.  'Stanford,  Edward  Jun.,F.R.G.S.    Thornbury,  Bromley,  Kent 
1881.  'Stanley,  William  Ford,  F.Q.S.    Camberlow,  South  Norwood,  S.E. 
1888.  JStanley,  Mrs.    Cnmberlow,  South  Norwood,  S.E. 

1694.  'BuMttKBLD,  Alfbsd,  USt.    Bojil  CoU»e  of  Science,  S.W. 
1900   {Stansfield,  H.,  B.Sc.    Municipal  Technical  School,  BUckbura. 
Stapleton,  M.  H.,  M.B.,  M.R.I.A.    1  Mountjoy-place,  Dublin. 
1899.  tSTABLiHa,    E.   H.,    M.D.,    F.R.S.,    Profweor    of  Phyriology   in 

UniTeraity  CoUege,  London.    8  Park-equare  West,  N.W. 
1876.  JStarling,  John  Henry,  F.C.S.     32  OrsTen-street,  Strand,  W.C 

1899.  {Stntbam,  William.     The  Hedinfn,  Totteridge,  Herts. 
1698.  tStather,  J.  W.,  F.G.S.    16  Lotus-street,  Hull. 

Staveley,  T.  K.    Bipon,  Yorkshire. 

1894.  JStavert,  Kev.  W.  J.,  M.A.    Bumsall  Rectory,  SUpton-in-Craven, 

Yorkshire. 
187S.  'Steod,  Charles.    Bed  Barns,  Freehfield,  Liverpool. 

1900.  'Stead,  J.  E.    lAborstory  and  Assay  Office,  Middlesborongh. 
1881.  tStead,  W.  H.    Orchard-place,  BlackwaU,  £. 

1681.  tStead,  Mrs.  W.  H.    Orchard-place,  BlackwaU,  B. 

1884.  jSteams,  Se^ennt  P.    U.S.  Consol-General.  Montreal,  Canada. 

1892.  'SrKBBiirs,  Bev.  Thohab  R,  B.,  M.  A.,  F.R.S.    Epbraim  Lodge,  Th« 

Oommon,  Tunbridge  Wells. 
1696.  "Steblnng,  W.  P.  D.,  f!q.S.    169  Qlouceetei^terrsce,  W. 

1691.  jSteeds,  A.  P.    16  St.  Helen's-road,  Swansea. 

1873.  JStMnthal,  Q.  A.    16  Hallfield-road,  Bedford,  Yorkahira. 
1884.  {Stephen,  Oeo^e.    140  Drummond-street,  Montreal,  Canada. 
1884.  tStephen,  Mrs.  Oeo^e.    140  Drummond-street,  Montreal,  Oanada. 
1884.  'Stapbena,  W.  Hadson.  Low-Ville,  Lewis  CountY,  New  York,  U.S.A. 
1879,  *Stbfh>hboii,  Sir  Bxm,  J.P.    The  Olen,  Sheffield. 
18B0.  'StflTons,  J.  Edward,  LL.a     Le  Mayals,  Blackpyl,  R.S.O. 
1900.  {Stktehs,  Frbdiside.    Town  Clerk'e  Office,  Bradford. 

1893.  {Stevenson,  D.  A.,  B.Sc,  F.R.S.E.,  M.Inst.C.E.    84  Oeorg»4treet, 

BdinbuTgh, 

1863.  'SiivBisoir,  Jaus  C.    Westoe,  South  Shields. 

1690.  'Steward,  Bev.  Charles  J.,  F.R.M.S.    The  Cedars,  Anglese»4oad, 

Ipswich. 
1886.  'Stewart,  Rev.  Alftxander,  M.D.,  LLJ}.    Mnrtle,  Abetdeen. 

1864,  {Stxwabi,  OoiXLBB,  M.A..  F.B.S.,  F.L.S.,  Honterian  Profemor  of 

Anatomy  and  Conservator  of  the  Museum,  Boyal  College  of 
Surgeons,  Lincoln's  Inn  Fields,  W.C. 

1692.  {Stewart,  C.  Hunter.    S  Oarlton-terrace,  Edinburgh. 
1886.  {Stewart,  David.    Banchoij  House,  Aberdeen. 

1886.  'Stewart,  Dunoau.    14  Windsor- terrace,  Kelvinside,  Olauow. 
1876.  'Stevrart,  James,  BA.,  F.RO.P.Ed.    Dunmnrry,  Sn^  Fari^  Mar 
OliftoD,  Qloocestwahire. 


,  V,  Google 


TfTPT  OF  MEHBEBS. 


1892.  ISterut,  Samuel.    Enockniini,  Bagston,  Oreenock. 

1876.  {Stemrt,  WtUiun.    Violet  OioTeHoaM,  St.  OeotgeVioadrOka^ow. 

1867.  JStirling,  Dr.  D.    Pertli. 

1876.  janwJHa,  WiLHAi(,M.D.,D.Se.,F.R5.E.,Profe«wrofPhyridog7 

in  the  Owenit  Colle^,  Maudieatar. 
1867.  *StiiTup,  Hark,  F.G.S.    Stamfoid-road,  Bowdon,  ChesbiTe. 
186S.  *8tock,  Joseph  8.    St.  Miidred's,  Walmer. 
1890.  tStockdsle,  R.    The  Onunmv  School,  Leeds. 
1883.  'SlOOXEB,  W.  N.,  U.A.,  ProfeHBor  of  Fhynca  in  the  B07BI  bdiflit 

Engineerinff  CoUwe.    Conper'a  Hill,  Staineo. 
1898.  tatoddart,  P,  WaUie,  F.I.O.     Grafton  Lodge,  Sneyd  Park,  BriatoL 
184fi.  ■BiozH,  Sir  Qeokse  Gabbibi,,  Bart,  M.A.,  S.O.L.,  LL.D.,  D.Sc., 

F.R.S.,  Lucaaiaii  Frafeeeor  of  Matheoiatics  in  the  UniveTsty 

of  Oamhridge.    Lenafield  Oottage,  OMnlaidg«. 
189a  *Stokea,  Profaaeor   George  J,,  M.A.     BiTendale,  SondsT'e  WaU, 

Cork. 

1887.  tStona,  £•  !>■>  F.C.S.    Rote  Le»,  Alderiey  Edge,  CheaUre. 
1898.  *SUne,  F.  J.     Badl^  College,  Abingdon. 

1888.  tSron,  Johk.    16  Rojral-creecent,  Bath. 

X886.  IStone,  Sir  J.  Benjamin,  M.P.    The  QMnge,  Erdin^n,  BinniiigfaaBi. 
Iii86.  t^tone,  J.  H.    Groavenor-Toad,  Handeworth,  Binnin^um. 
1874.  tStone,  J.  Barria,  M.A.,  F.L.S.,  F.G.S.    3  Dr.  Jobnaoa'a-boildiiiga, 
Temple,  E.C. 
76.  tStone,  Octavitu  C,  F.B.G.a     Rothbuty  Honae,  Weatdiff-gtrdena, 


1867.  tSiDHsr,  BnnwiT  R,  LL.D.,F.RS.,  M.Inat.O.E., H.RIA.,  Enginear 
of  the  Port  of  Dnblin.     14  Elfrin-raad,  Dublin. 
890.  *Stone7,  Miae  Edith  A.     8  Upper  Hornaey  Riae,  N. 

1676.  'Stonmr-,  O.  Otrald.    7  Kozborgh-place,  Heaton,  Neweaatle-npai- 
l^ne. 

>861.  ■Stovxi,  G»Bei  Johkbtosb,  H.A.,  D.Sc.,  F.RS.,  M.RJ.A.     S 
Upper  Hornaey  Rise,  N. 

1876.  JStopea,  Henry.    26  Deaning-rsad,  Hampatead,  N.W. 

1883.  latopea,  Mrs.     25  Denning-road,  Hampatead,  N.W. 

1887.  *Storey,  H.  L.     Lancaster, 

1884.  ^Storra,  George  H.     Gone  Hall,  Stalybridge. 

1888.  *Stotfaen,  Percy  K.     Eejnaham  Manor,  Saltford,  Briatol. 

1874.  tStott,  WilUam.    Scar  Bottom,  Oteetland,  near  Halifax,  Yorkahir«. 
1871.  'Stbachxt,  LieuL-Oeneral  Sib  Richakd,  RK,  G.O.S.L,  LL.D., 

F.R.S.,  F.RG.3.,  F.L.S.,   F.G.S.     68  Lancaater4«te,  Hjda 

Park,  W. 
1881.  tSr&iHix,  AtrBB£T,  M.A.,  F.G.S.     Geological  Huaeura,  Jennyn- 

atreet,  S.W. 
1876.  tSfrain,  John.     143  JVeit  lUgent  Street,  Qlatgov. 
1663.  tStraker,  John.    Wellington  Houae,  Durham. 

1889.  \Strak«r,  Captain  Joteph.     DiUtim  House.  Riditig  MiU-on-Tf/ne, 
1SS3.  tStrange,  Bev.  Cresewell,  M.A.    Edgbaaton  Vicarage,  Biraii4;lt>si. 
1898,  iStrangewaya,  0.  Fox.     Leiceeter. 

1881    tSiKAjrowATB,  C,  Fox,  F.G.S.    Geological  Muaeum,  Jennys-street, 

S.W. 
1889.  itStreatfeUd,  H.  3.,  F.G.S.     Rjhope,  near  Sunderland. 
1879.  tStiicklond,  Sir  Charlea  W.,  Bart.,  K.C.B.    EildeDlay^md,  Malton. 
1864.  iStringham,  Irving.    TheT7niverHtT,Berkeley,0alifbnua,  U.S.A. 
1683,  jStrong,  Heniy  J.,  U.D.    Colonnade  House,  lie  StOTiie,  Worthing. 
1898.  'Strong,  W.  M,    8  Champion  Park,  Denmark  Hill,  S.E. 
1887.  'Stroad,  H.,  H.A.,  D.Sc,  Profeaaor  of  l^ynca  in  tho  OoUegs  a 

Science,  Newcastle-upon-l^e. 


.Google 


LIST  OF  MEMBERS.  69 

887.  *STBOin>,  Wniuif,  D.Sc.,  Frofeaoi  of  Fbjact  in  Uie  Yorialun  Ool- 
Imto,  Leeds. 

878.  tStrype,  W.  G.    "mcUow. 

876.  'Stukrt,  Chulea  Haddock.    St.  Dmutan's  College,  Oatfind,  8.E. 

879.  'Stiurt,  Rot.  Edirai4A.,M.A.     0  Prinoe't-aqiure,  W. 

893.  tStuut,Hon.  Mort0DOn;,MjL.,F.a.S.  2BelfbrdPuk,Ediiibiuffh. 

884.  tStuart,  Dr.  W.  Theophiliu.     183  Spadina-aTenue,  Toronto,  Ctnada. 

883.  tStubbs,  Arthur  O.    Sherwood  Bisu,  NottJnfrham. 

886.  ^Stubbe,  Miso.  TomHholme,  Aigburth-dnTe,  Sefton  Park,  liverpooL 

88fi.  jStDinp,  Edirard  0.     16  Herbart^treet,  MoM  Bide,  Mucliwtn. 

,897.  tStuput,il.  F.    The  Obaerratorj,  Toronto,  Oanada. 

.878.  'Stymie:,  Bobert.    64  CreH»Dt-road,  Sheffield. 

L881.  'SudboKneh,  J.  J.,  Ph.D.,  B.Sc.    Unirenity  Oollcwe,  Nottinriwin. 

1898.  $Balij,  T.  N.     AT»lon  Houae,  Priory-road,  Tyndall'i  Park,  01ift<m, 

BriatoL 
1884.  itSamner,  Geoige.    107  Stanley-street,  Montre&l,  Oaoada. 
L887.  tSumpner,  W.  E.     S7  PennyBahia,  Poplar,  E. 
1688.  JSimderknd,  John  £.    Bark  Houae,  Hatherlow,  Stockport. 
1883.  JSutcIifle,  J.  S.,  J.P.    Beech  Hotue,  Bacup. 
187S.  tSutclilfe,  Robert.    Idle,  netr  Leeds. 
L803.  JSutherlaiid,   BenjanuD    John.      Thurso   Hotue,   NewcaatleMipon- 

Tyne. 

1886.  tSutherland,  Hugh.    WuuiijHc,  Manitoba,  Osnaaa. 
1892.  iSotherland,  James  B.    10  Windsor^treet,  Edinburgh. 
1884   jSutherland,  J.  0.    Richmond,  Quebec,  Oanada. 
1868.  tSuTTOH,  FBAjfOU,  F.O.S.    Bank  Fiain,  Norwich. 

1380.  {Sutton,  William.    Esbank,  Jesmond,  Newcastle-upon-Tyae, 

180B.  {Sutton,  William,  M.D.    6  Oamdes-cresceDt,  Dovei. 

1881.  itSwainaoo,  George,  F.L.S.    North  Drive,  St.  Anne's^on-Sea,  Lan< 

1881,  tSnales,  wiuiam.    AahvUle,  Holgate  Hill,  York. 

1881.  58wAH,JoaHPHWiL80ir,MA.,F.R.S.  68 Holland-park, W. 

1887.  SSwanston,  William,  F.G.8.      Mount  Oollyer  Factory,  Belfart. 
1878.  iSwanwick,  Frederick.     Whittiogton,  Chesterfield. 

1887.  {SwiNBtTBlTB,  Ji.MXB,  U-lnstCE.     82  Victoria-Btreet,  S.W. 

1870.  'Swinburne,   Sir   John,  Bart.     Capheaton  Hall,  Newcastle-npoa- 


rinaelis,  1 


1887.  ■Swindells,  Rupert,  F.R.G.S.    33  Oxford  Road,  Kikdale,  Sonthport. 

1890.  ISwiBHOE,  Oolonel  0.,  F.L.S.    Avenue  Bouse,  Oxford. 

1891.  iSwinnerton,  R.  W.,  As80C.M.In>t.C.E.    Bolanim,  Dekkan,  India. 
1678.  tSyksB,  Benjamin  Olifibrd,  M.D.    St.  John's  House,  Oleckheaton. 
1896.  tSykes,  E.  R.     3  Gray's  Inn-place,  W.C. 

1887.  *Sykea,Oeorg:eH.,M.A.,M.Inst.C.E.,F.S.A.  Glencoe,64  Ehnbonme- 
road, TootingOoromon,  S.W. 

1886.  'Sykes,  Muk  L.,  F.R.M.S.    19  Manor-street,  Ardvrick,  Manchefter. 

1887.  'Sykes,  J.  H.    Cringle  House,  Obeadle,  Cheshire. 

1683.  ISymes,  Rev.  J.  E.,  M.A.    70  Redcliff^^mwcent,  Nottinsham. 
1870.  iSnoB,  Richard  Glabooit,  H.A.,  F.G.S.,  Geological  Sarrej  of 

Scotland.    Sheriff  Court-buildings,  Edinburah. 
18B6.  tSTVureroir,  Joniraoii,  M.D.    Queen^e  College,  Belfast. 
1881.  *8^tnington,  TAomai.      JFortfe  Bmue,  EdttOurph. 
186G.  'Sncoirs,  WnuAv.    I)rs«on  House,  Bilhrook,  WashTord,  Taunton. 
1886.  ISymons,   W.    H.,    M.D.    (Brux.),    M.R.C.P.,  F.I.C.     Onildhall, 

Bath. 

1806.  {Tabor,  J.  M.    Holmwood,  flattngay  Park,  Crouch  End,  N. 
1888.  tTagut,  Francis.    199  Que«n'»«at«,  aW, 


,  V,  Google 


1806.  fTmiljoni,  Coliuel  Benny,  RE.    Newmuinndla,  Uontrow,  Forfti- 

1871.  tl'Atr,  PliBB  Guthkh,  F.R.S.R,  Piofeswr  of  Natnnl  PhDoaopliy 
in  tlw  UnirenilT  of  Edinburgh.    Qootgit-tiraaxe,  EdinbnTg-h. 

1804.  {Ttkftkiuu,  Jytin,  B.&.    17  Worceateiwton«e«,  Oxford. 

1893.  tTalbot,  Htrbert,  M.I.ES.  10  Addutm-jx'Uiu,  Additoit-tlreet,  Xet- 
tingham. 

1881.  XTamUjn,  Jaxaea.    OUn  LlynTi,  MaMteff,  Bridgend. 

1880.  iHixXBB,  H.  W.  Llots,  H.A.,  F.R.3.,  Profeewr  of  MMhranatia 

And  Aatronomj  in  Unirerntj  Oolleee,  Cwdiff. 
1887.  {Tanner,  PiofeMor  J.  H.     Ithaca,  New  Yorir,  U.S.A. 

1882.  "Taiialey,  Arthur  O.     UniTersitj  OoUe™,  W.C. 

1863.  *TBpacott,    R.   Lethl>rid^,    Assoc.  MJngLC.E.,    F.U.S.,    F.R.A.S. 

63  Oioxteth-road,  LiTarpool. 
1878.  JTiEPii.HnoK.    Dublin. 
1861.  rrarratt,  Henir  W.    BroadhsyeB,  Dun  Park,  Boornemonth. 

1867.  Tate,  Alexander.     Bantalard,  Whitehouae,  Belfast 

1883.  t1^'»>  Qaorge,  PhJ).     College  of  ChemiatFj,  Dnke-stimt,  liverpooL 

1868.  'Tatham,  Geoise,  J.P.    SpruigBeld  Mount,  Leeds. 

1884.  *Tsjlor,  Say.  Oharles,  D.D.    St.  John's  Lodfre,  Oambridga. 
1887.  {Taylor,  G.  H.    Holly  House,  336  £ccl«a  New-road,  Salfbid. 
1808.5$Taylor,  Lieut-Colonel  Q.  L.  Le  M.    6  OoUege-lawn,  Cheltenhnii. 
1874.  JTaylor,  O.  P.     Students'  Chamhers,  Belfast 

18R7.  JTayloT,  Oeorge  Spiatt    13  Queen'g-t«rrace,  St  John's  Wood,  N.V. 

1881.  'Taylor,  H.  A.    69  Addiaon-road,  Kennn^n,  W. 

1884.  rTATLOB,  H.  H.,  M.A.,  F.K.S.    Trinity  College,  CamhridgB. 

1882.  "Taylor,  Herbert  Owen,  M.D.     Oiford-rtreet,  Nottdngham. 
1887.  JTatlob,  Bev.  Canon  Isaac,  D.D.    Settrington  Rectory,  York. 
1861,  "Taylor,  John,  U.InatC.R,  F.Q.8.    82  Brutoo-rtreet,  W. 
1881,  "Taylor,  John  Francis.    HoUy  Bank  Houwi,  York. 

1865.  tTaylor,  Joseph.    80  Gonetitution-bill,  Birmingham. 

1876.  ITaylor,  Robert.    70  Bath-etreet,  Glaagow. 

1888.5  STaylor,  Robert  H.,  M.InBt.C.E.    5  Maison  Meu-road,  Dover. 

18B4,  "Taylor,  Misa  S.     Oak  House,  Shaw,  near  Oldham. 

1881.  XTaylor,  Rev.  S.  B.,  M.A.     Whirley  HaU,  York. 

1883.  :TayloT,  S.  Leigh.    Birklands,  Weetchfie-road,  KiMale,  Sontliport 
1900.  STaylor.  T.  H.    Yorkshire  Collage,  Leeds. 

1870.  tTaylor,  Thomas.     Aston  Bowant,  Tetsworth,  Oxon. 
1887.  {Taylor,  Tom.     Grove  House,  Sal«,  Manchester. 
1883,  {Taylor,  William,  M.D.     21  Crockherbtown,  Cardiff. 
188C.  {Taylor,    W.   A.,  M.A.,   F.R.aE.      Royal   Scottish    Geographical 
Society,  Edinburgh. 

1883.  {Taylor,  W.  F.    Bhootan,  Whitehone-road,  Onydon,  Sorrey. 
1804.  "Taylor,  W.  W.    30  Banbuir-road,  Oxford. 

1884.  {Taybi^ Whitehead,  Samuel,  J.P.    Burton  Closes,  Bakevell 

1868.  {Tbaii,  TsoHAB  PBiranr,  M.A.,  F.B.S,    38  OookTidg»«treBt,lMds. 
1886.  {Tmall,  J.  J.  H.,  M.A.,  F,RS,  F.G.8.    28  Jennyn-street,  S,W. 
1808,  STebb,  Robert  Palmer.    Enderfield,  Chislehoiat,  Sent. 
1878.  {Temple, Lieutenant O.T.,R.N.,F.R.G.S.  TheNasfa.uearWoroeMr. 
1880.  {TraiPLB,  The  Right  Hon.  Sir   RiCKlBB,    Bart,   G.C.S.L,   CXK, 

D,O.L,.  LL.U..  F.R.S.,  F.R.G,S.     Atheneum  Club,  aW. 
186.3.  {Tennant.  Henry.     Saltwell,  Newcastle-upoo-Tyne. 
1868.  {Tennant,  James.     Saitwell,  Gateahead. 
1804.  {Terras,  J.  A.,  B.Sc.    40  Findhom-plaoe,  Edinbu^h. 
1882.  {Terrill,  WiUiam.    43  St  Georae's-terrace,  Swanseft. 
1886.  "TenT,Bev.T.B.,M.A.,F.RXS.    The  Hectwy,  Ewt  IWiy,  H«w- 

bury,  Berkshire. 


.Google 


!.  Teala,  ITikok.    46  Weet  i}7tli-BtTMt,  New  York,  U.S.A. 

I.  tTetley,  C.  F.    The  Brewery,  Leed*. 

;.  ^Tetley,  Mm.  0.  F.    The  Brewer?,  Leeds. 

t,  *Tbiiib,  Qxobse  DiJfOKB,  Profeesor  of  Anatomy  in  University 

CoU^e, Gowei^ street,  W.O.  Heininet,St.  John'sKoftd.HsrKrw. 
).  JThetford,  The  Hight  Rev.  A.  T.  Lloyd,  Bishop  of,  D.D.    North 

Creake  Rectory,  Fakenhun,  Norfolk, 
i,  tThin,  Br,  George.    23  Queen  Annfrstreet,  W. 
I.  XTAin,  Jama.     7  BiUbaTtli-terracf,  Edinburgh. 
I.  JTHiBBLTOR-DrKB,  Sir  W.  T..  Ka.M.G.,C.LE.,M.A.,B.3f.,Ph.D., 

LL.D.,  F.R.B.,  F.L.a.    Bojal  Gsrfena,  Kew. 
I.  {Thorn,  Robert  Wilson.    Luk-hilJ,  Ohorley,  lAncubire. 
.  JThomas,  Alfred,  M.P.    Pen-y-lan,  Cardiff. 
.  JTfaomes,  A.  Garrod,  M.D.,  J.P.    Clytha  Park,  Newport,  Mtm- 

mouthshire. 
.  *ThoDiu,  Mis«  Olua.    Fenuirig,  fiuilth. 
1.  fThomas,  Edward.    383  Bute-street,  CardiC 
[.  {Thomas,  E.  Franklin.    Dan-y-Bryn,  Radyr,  near  Oaidiff. 
I.  tThomaB,H.  D.    Fore-sti«et,  Exeter. 
>.  {Thomas,  Herbert.    Itot  House,  Redlaod,  Bristol  ■ 
..  JThoiub,  J.  BuinNT.    Soudiampton. 
'.  JThomM,  J.  Henwood,  F.R.G.H.     86  Breskspear's-rOBd,  Brockley, 


Hampstead  Hilt-mannona, 


a.E. 

I.  'Thomas,   Joseph  Williun,  F.O.S. 

N.W. 

I,  *Tbomas,  Mrs.  J.  W.    3  Hampetoad  Hill-maDsioiis,  N.W. 
I.  {Thomas,  Thomsa  H.    45  The  Walk,  Cardiff. 
!.  JThoniM,  Rer.  U.    Bristol  School  Board,  GuildbaU,  aintol. 
I.  {Thomas,  William.     Lan,  Swansea. 
t.  {Thomas,  William.    100  Tettenhall-mad,  WolTsrhampton. 
t.  {Thomason,  Yeoville.     9  Obserratory^rardens,  Kensington,  W, 
>.  {Thompson,  Arthur.    12  St.  Nicholas-street,  Hereford. 
I.  'Thompson,  Beebr,  F.CS.,  F.Q.S.    56  Victoria-road,  Nortbampton. 
I.  {Thompson,  Miss  'G.  E.    Heald  Bank,  Bovdon,  Manchester, 
.  {Thompson,  Charles  F.    Penhill  Close,  near  Cardiff. 
!.  {Thompson,  Charles  0.    Tens  Kaut«,  Indiana,  U.S.A. 
i.  'Thompson,  Claude  M.,  M.A,,  Profewor  of  Chemistry  in  UniverriQr 

College,  Cardiff, 
i.  {TliompBon,D'AreT  W.,  B. A.,  C.B.,  Profewor  of  Zoologyin  UniTerri^ 

College,  Dundee. 
I.  'Thompson,  Edward  F.    Whitchurob,  Salop. 
':  Thompson,  Francis.    Lynton,  Haling  Park-road,  Croydon. 
.  {Thompson,  G.  Caislahe.    Park-road,  Penarth. 
I,  rrhompeon,  Harry  J.,  M.Inat,O.E., Madias.  Careof  Messrs.  Grindlay 

&  Co.,  Parliament^treet,  S.W. 
I.  {THOMPSOit,  Sir  Hktrt,  Bart.    S5  Wimpo1»«tTeet,  W. 
I.  'Thompeos,   Henry  G.,   M.D.     86  Lower   Addiscombe-rood,   Croy- 

.  {Thompson,  Herbert  M.    "Whitley  Batch,  Llandaff. 
1891-  {Thompson,  H.Wolcott.    9  Paih- place,  Cardiff. 

"'THOKPBoif,  Isaac  Cooeb,    F.L.S.,  F.R.M.8.      63  Croxteth-road, 

LiTerpool. 

.8f7.  {Thompaon,  J.  Barclay.    37  St.  Giles's,  Oxford. 
'"•\.  {Thompson,  J.  Tatbam.  M.B.    33  Charlei-strcet,  Cardiff. 

.  'Thokf BOH,  Joseph.    RiverBdale,  Wilmslow,  Cheshire. 
.876,  •Thompson,  Kichard.     Dringcole,  The  Moimt,  York. 
1883.  {Thompson,  BJchard.    Bramley  Mead,  Whalley,  LuMatUi«. 


,  V,  Google 


UST  OF  MEMBERS. 


1876.  ^OKFMur,  SiLTiim  Fhulipb,  B.A.,  D.Sc.,  F.RS.,  F.R.A^, 
I^iDcipol  and  FrofsMor  of  Phjsea  in  the  Citj  *ai  Qnildi  of 
Loodon  Teclimcal  Colleffe,  fbuboi;,  E.G. 

1888.  *Thomi«oo,T.H.  Redlpch  Honw,  Green  Walk,  Bowdon,  OhcaliireL 
1896.  Tsoxnos,  W.  H.,  M.D.,  ProfeMor  of  Phyuology    in  Queen'i 

GollBge,  Beirut. 
1896.  JThompsoD.  W.  P.    6  lArd-otreet,  liTerpool. 
1867.  tThtmu,  William.    UagdaleD-wd-nMd,l}imdae. 
1S04  tTEOiCMT,  AsKaus,  M.A.,  M.D.,  Prafesaor  of  Hnmui  AsMtoaj  in 

the  UniTsnitT  of  Oxford.    Exeter  College,  Oxford. 

1889.  ThoQUon,  Jamea,  M.A.    22  Wentworth-place,  Newcutle-i^on-'I^iie. 
1876.  X  TMcmton,  Jama  S.     Mamtt  Biota,  Dalmuir,  GUugow. 

1891.  iThomson,  John.    70a  QroBTenoivetreet,  W. 

1686.  JThoDuon,  John.    S  Derweat-iquare,  Stonvcroft,  Liverpocd. 

1880.  JThokmy,  PiofeHor  J.  Asihub,  M.A.,  F.K.S.E.    CMtlebm  Hoomv 

Old  Aberdeen. 
1888.  tTsoKMV,  J.  J.,  M.A.,  D.Sc,  F.B.8.,  Profenor  of  Experiinenta] 

PkynCi  in  the  UniTeni^  of  Cambridge.     6  Scrope-terrKa, 

Cambridge. 
.    1871.  *Thokms,  JoaiT  Muxak,  LUD.,  F.B.S.,  TJ-O^.,  PrabHw  of 

Ohemutiy  in  Eing|i  College,  London.    86  Addiaoinroad,  W. 
1S74.  {TROiuoir,'WiLLiA]rJ'!kaE.,F.O.S.  Rorallnstitution.MaiidteMer. 

1880.  {Thornton,  WiUiun  J.    QhrUbanlr,  St  Helens. 
1887.  fThorbnm,  Jamea,  M.D.    Toronto,  Canada. 

1871.  tThombum,  Bev.  Dayid,  M.A.    1  JohnVplace,  Lwth.     - 

1887.  {Thoniton,  John.    8  Patk-atreet,  Bolt«n. 
1867.  ^Thornton,  Sir  Thomu.    Dondee, 

1888.  {Thornton,  W.  M.    The  Durham  OoUaga  of  Sdenoa,  Nawcmitle-aa- 

Tyne. 
1683.  JiThmoiraood,  Samuel.    Oastle^qnare,  Brighton. 
1681.  tXboTp,  Elelden.    HoaKna-etrest,  YaA. 

1881.  Thorp,  Jonah.    Undeiclifie,  Holmfirth. 

1808.  {Thorp,  Thotnaa.    SfoM  Banlc,  Whitefteld,  Maucheiter. 
1688.  {Thorpe,  Jooelvn  Field,  Ph.D.    Owens  College,  Maneheater. 
1871.  trBOKn,T.E.,O.B.4'h.D.,LL.D.,F.R.9.,F.R.S.K,PreB.O.S.,Pi3ndpal 
of  the  Oovemment  Labontoriee,  Clement*B  Inn-paaaffe,  W.O. 

1888.  {ThrelflOl,  Henry  ^ngleton,  J.P.    1  LondoiMtreat,  Sovthpot. 

1889.  $THaBLrALL,RioH&BD,M.A.,F.R.S.  269  Hagley-road,  Kraane^i. 
1896.  {Thrift,    William    Edward.     80   Qioneoor-equaie,    Baaimhwi, 

Dublin. 
1668.  tTmriLLim,  Geneial  Sir  H.  E.  L.,  B.A.,  O.aL,  FJLS.,  FJLOja. 

TndoT  Hooae,  Richmond  Graeo,  Snirey. 
1888.  tThTS,  Captain  Albert.     8  Bue  Oiderode,  Bmasela. 
1870.  tlidibonie,  Charles  R  0.,  LL.D.,  F.C.S.,  M.R.LA.    ApoUwcaries' 

Hall  of  Iceland,  Dnblin. 
1878.  "TiDDBMu,  R.  H.,  M.A.,  F.Q.a    Geological  Surrej  Oak^  S8 

Jermyn-atieet,  S.W. 
1874.  tTiLSXS,  WiLLUX  A.,  D.Sc,  F.R.S.,  F.C.3.,  Frofeaeor  of  OheniittT 

in  the  Royal  College  of  Sdence,  Sooth  Kanajnglwi,  London. 

9  Ladbroke-gardens,  W. 
1873.  fnigbman,  B.  0.    Philadelphia,  VS.k. 
1888.  tTillyard,  A.  L,  M.A.    Fordfleld,  Cambridge. 
1883.  j'nilyaid,  Mrs.    Fordfield,  Cambridge. 

1866.  fUmmins,  Samuel,  J.P.,  F.S.A.    SpcW  Hill,  ArisT,  OoTwrtny. 
1696.  {Timmia,  Thomas  Sntton.    OleveleT,  ASnton,  Toitafain. 
" "D.,  Fi.8.    18  Lyndawode  Bold,  Cam- 


1898.  {Tims,  H.  W.  Marett,  M.D.,  FX.8.    18  Lyndewoda 
nidge. 


.  ,,  Google 


LIST  OF  MEUBERS. 


ISOa  {Tocher,  J.  F^  F.LO.    5  Ohipd  Btntt,  Fatariisad,  N3. 
1876.  tXodd,  Rav.  Dr.    Tndor  Hall,  Foiart  HiU,  ELE. 
1891.  tXodd,  lUebwd  Besa.    FortnoiMM  Oouiokte,  Gudiff. 

1897.  ^odlnmt«r,  Juhm.    86  Wdtodajr^trMt,  IVaonto,  Ouuda. 
1869.  JIUl,  John  H.    49  Nemhun-diin,  UrmooL 

1867.  tTombe,  Ber.  Ouum.    OIsomIj,  Oo.  WkSIow. 

1888.  tTomUna,  Bev.  Esmy  George.    Park  Lodge,  Werton-mpeiyBEare. 

1896.  tToma,  Frederick.    1  AraUende-aTenue,  Streatbam,  S. W. 

1867.  JToiwe,  Jamea,  F.G.S.     Woodbine  Hoiue,  West  Hooglitoii,  Btdkm. 
1866.  tTonb,  Edmimd,  B.O.L.     Packwood  Qrat^e,  SwnAe,  Wanrid> 

■loie. 
1S78.  *Took(7,OharIea,F.C.B.  BoyalSoIioolof  HIiM«,Jarra7n-<t3Mt,aW. 

1876.  {Torr,  OWtea  HAwler.    St  Allwi^a  Tower,  Hana&eld^oad,  Shei> 

wood,  NoUiBdiaai. 
1884.  TomwM,  Bev.  Bobart,  D  J).    Oitelpb,  Ontario,  Oanadi. 
1878.  tXowiund,  W.  H.    Heiton  Hall,  Bradford,  Yorkihira. 
1676.  ^TownaeDd,  ObariM.    St.  Maij'a,  Stoke  Kiliop,  Bristol. 
1861.  JTownwnd,  Wmiam.    Attleboroogli  Hall,  atu  Nuneaton. 

1877.  tToMr.Huin.    AahbnrttHi. 

1676.  rrulL,  J.  W.  H.,  M.A.,  H.D.,  F.B.8.,  F.L.8.,  B^us  Pro&iMr  of 

BotUT  in  tbe  UtUTernn  of  Aberdeen. 
1888.  tTuiu,  A.,  HJ>.,  X*LJ).    B^yl^.Buihmilla,  Ireland. 
1670.  tTunx,   Wnuix    A.     OianVa   OMuewa;    Elactiie   Tnmwtj, 

Porteiah,  Ireland. 

1868.  fT&iaiiAiB,  Raksat  H.,  M.D.,  LL.D.,  F.B.S.,  F.O.S.,  Keeper  of  dt» 

Natural   History  Oollectionfl,  Museum  of  Sdence  and  Art, 

EdinburglL 
1891.  {Tray «e,  Valentine.    Uaindell  Hall,  Newport,  Hoamoutluhire. 
18S4.  tTrechmann,  Ohules  0.,  Ph.D.,  F.O.S.    Hartlepool. 
18e&  fFreliane,  Jobn.    Eze  View  Iawh,  Exeter. 
1891.  rTrehame,  J.  LI.    82  Newport^roed,  Ooidiff, 

Tr«ncli,  F.  A.    NewUnds  Boose,  Clond«lkin,  Inland. 

1887.  Treiich-GMCcdgne,  Mra.  F.  R.    ParlincrtaD,  Aberford,  Leeds. 

1888.  JTrendell,  Edwin  Jamas,  J.P.  Abber  House,  Abingdon,  Berks. 
1884,  JTrenliam,  Norman  W.  18  St.  Ale]d»4tTeet,  Montreal,  Canada. 
1884.  tTribe,  Paul  C.  M.     44  Weet  Oneidk-etreet,  Oswego,  New  York, 

U.8A. 
]  879.  jTikkett,  F.  W.    IS  Old  HAymarket,  Sheffield. 
1871.  tTBOOnr,  Boum,  M.A.,  FJt.S.,  F.L.S.,  F.Z.S.     Water  HaU, 

St  Aldate'a,  Oxford. 
1660.  STBiR&iif,  B«v.  Hcrax  Buss,  D.D.,  LL.D.,  F.ILS.,  Oanon  of 

Durham,    The  Collefne,  Durham. 
1884.  "Trotter  Alexander  Pelham.    8  Biclunond  TBRaoe,  Whitehall,  S-W. 

1886.  {TK0llZB,0ouTn,F.O.S.,F.R.O.S.  10 Bandolpb-aesceBt, Edinburgh. 
1891.  JTronnoe,  W.  J.    67  Newport-road,  Cardiff. 

1887.  *TBOincaT,FBni>KKioxT.,MA..,D.Sc,FJtS.  Trinity  College,  DnUiu. 

1898.  {Trow,  Albert  Howard.    Olanhafren,  Fenarth. 

1896.  {TmeU,  Henry  Pomeroy,  M.B.,  F.R.O.S.I.    Clonmannoo,  Ashibrd, 
Co.  Wi<ilow. 

1886.  •Tubby,  A.  H.,  F.RC.S.    26  Weyroouti-Btwet,  Portland-place,  W. 
1647.  rTuokett,  Francis  Fox,    Frenchay,  Bistol. 

1686.  ITuokett,  William  FothergiU,  MI).    18  Daniel-stieet,  Bath. 
1871.  iTnke,  Sir  J.  Batty,  M.D.,  U.P.    Cupar,  Fifeshira. 

1887.  tTiAa,  W.  C.    29  Pnnoeu^treet,  MmtAetfer. 

1888.  JTnppKK,  The  Hon.  Sir  CH*iti.BB,  Bait,  G.C.M.G.,  O.B.    Ottawa 

Canada. 

1 899.  tTumbull,  Alexander  B.    Onniston  Houae,  Hftwkk. 

n,gti7ccT:G00glc 


LIST  07  UEHBERS. 


1866.  tTuntbiill,  John.    87  Weet  Geoi);»-street,  aUwow. 

1896.  i  Tumar,  Alfrtd.     ElmttooDd  BaU,  Aigburgh,  Ltotrpoet. 
1693.  {TURiTBK,  DAWaOK,  U.B.     37  Qeo^e-aquAre,  Edinbu^. 

1883.  tTarner,  G.  S,    Htcombe,  Wiachsster-road,  Sontlutnpton. 

1885.  tTurner,  Un.  G.  S.    Pitoambe,  Wiacheater-road,  Southan^ton. 

1884.  *rinurBB,H.  H;.,M.A..,aSc.,F.B.S,F.R.A..S.,  Pio&Mor  of  Aatro- 

nomr  in  the  nnirenttr  of  Oxford.    Tbe  Observatoi;,  Oxford. 

1886.  Tdshik,  Taanu,  A.B.8.U.,  F.O.S.,  F.LC.    Baraobont,  Rowloj 

Puk,  BUfiord. 
1863.  'TuMTiK,  Sir  Wnmii,  K.C.B.,  LL.D.,  D.C.L.,  F.R.S.,  F.RS.E., 

Frofowor  of  Ajutom j  in  the  Univerutj  of  Eduibuigh.    (Pkebi- 

sBirr.)    6  Eton-tMTsce,  Edinbunli. 
1893.  tTnum,  Sir  JoEur,  J.P.    Alexaadra  Park,  Nottingham. 
1880.  Turpin,  Q.  S.,  M.A.,  D.8c.    School  House,  Swanaea. 
1886.  Twigfr,  O.  H.     66  Olaremont-road,  Haadsworth,  Birmingham. 
189a5STwigm,  H.  W.    66  Victoiia-Btreet,  Bristol 
1899.  STwaJen,  John  IL,  M.A.    14  Gray'B  loa-WttMe,  W.O. 
1888.  JTyack,  Llewelyn  Newton.    Univewity  Colleg«,  ftiatoL 
1883.  X  7V>r,  Edward.     Jforneok,  16  Fit^hn't-az-auie,  SainpsUad,  N.  W. 
1886.  STxLOB,  Edward  SuRKnr,  D.O.L.,  LL.D.,  F.R.S.,  ProfaBor  of 
Anthropolory,  and  Eaeper  of  the  UniTersitv  Muaenm,  Ozfor<l. 

1883.  Xtjnr,  Thomas,  F.O.S.      Stirling  Chemical  Works,  Abber-lase, 

Stratford,  E. 

1897.  tTyrrell,  J.  B.,  UjL.,  B.Sc.    Ottawa,  Canada. 
186L.  *2y«ae,  JbAtt.    SMid-road,  Bovdon,  near  Manehater, 

1884.  'Undarhill,  G.  E.,  M.A.    Magdalen  Collwe,  Oiforf. 
1888.  tUndarhiU,  H.  M,    7  High-street,  Oxford. 

1886.  jUnderhiU,  Thomas,  ALD.     West  Bromwich. 

188£.  {Unwin,  Howard.    I  Newtoo-^ve,  Bedford  Park,  Chiswick. 
1883.  {Unwin,  John.    EsstcliSe  Lodge,  Southport. 
""  win,  W.  C,  F.R.S.,  M.lMtC.E.,  Profssi 

the  Central  Institution  of  the  City  and  Guilds  o . 

stituta.    7  Palace-gate  Mansions,  Eendngton,  W. 

1887.  lUpton,  Francia  R.    Orange,  New  Jersey,  U.S.A. 
1872.  JUpwarf,  Alfred.    IflO  Holland-road,  W. 

1876.  JUre,  John  F.     6  CUremont-terrace,  Glasgow. 

1866.  JUrquhart,  William  W.     Bosebay,  Broughty  Ferry,  by  Dondaa. 

1898.  lUeher,  Thomas.    3  GlmffroTe-road,  Gotham,  Bristol. 
1880.  JUSBHEE,  W.  A.  E.,  r.G.8.    28  Jermyn-street,  8.W. 

1886.  tVnchfill,  Ohailes  Tanfield,  M.D.    38  Charles-street,  Cardiff. 

1886.  JVacher,  Francia.     7  Shrewsbury-road,  Birkenhead. 

1887.  'Valentine,  Miss  Aime.    The  Elms,  Hale,  near  Altrincham. 

1888.  tVallentin,  Rupert.     18  Eimberley-roHd,  Falmouth. 

.1884.  tVanH<»iw,SixW.C.,K.C.M.G,    Dorcbester-straet  West,  Ufflitiesl. 

Canada. 
1883.  'Vannttart,  The  Hon.  Mrs.  A.  A.    Haywood  House,  Oakland^rowl, 

Bromley,  Kent. 
1886.  tVAKDT,  Bev  A.  R.,  M.A.    King  Edward's  School,  KrmiDgham. 

1868.  JVarley,  Frederick  H.,  F.R.A.S.    Mildmay  Park  Works,  Mildmay- 

avenue,  Stoke  Newington,  N. 
1866.  'VifiiBT,  S.  Alpbkd.   Arrow  Works,  Jackson  Road,  Holloway,  N. 
1870.  tVarley,  Mrs.  3.  A.     6  Gayton-road,  Hampatoad,  N.  W. 

1869.  tVarwell,P.    Alpbington.street,  Exeter. 


n,g  -ccT'GoOgIc 


LIST  OF  MEMBERS. 


1884.  tVaaej,  OharlM.  112  O&mbridga-ganleng,  W. 

1896.  SVanghwi,  T>.  T.  OwymiB.    Howry  Hall,  Llandrindod,  Radnorshire. 

1887.  'Vadsbait,  His  Ecaisence  Cardiaal.     Oorliale-placa,  Weetmijiater, 

S.W. 
leZfi.  tVaugh^a,  Hiw.    Burlton  Hall,  SlirewsbuTj. 
1883.  tVaughan,  Williun.    43  Suuei-road,  Southport. 

1881.  SVblht,  V.  H.,  M.A.,  F.R.8.,  F.G.S.    20  Bradmore-road,  Oxford. 
1873.  'VERinT.  Sir  EoltnirpH.,  Bait.,  F.R.G.S.  OUydon  Hoiue,  Winelow, 

Buckg. 
1883.  •Vemey,  Lady.    Olaydon  House,  Wiiwlnw,  Bucks. 
1883.  tVsRRox,  H.  H.,  M.D.     York-road,  Birkdale,  Soiithport. 
1896.  •VemoD,  Thomaa  T.     Wyborne  Gate,  Birkdale,  Southport. 
1896.  "Vernon,  Willism.    Tean  Hurst,  Tusn,  Stoke-upon-Tront. 
1864.  •VI0A2T,  William,  F.G.S.    The  Priory,  Oolleton-orescent,  Exeter. 
1890.  'Villamil,  lieuL-Colonel  R.  da,  RE.    Care  of  Messrs.  Cox  &  Co., 

16  Charing  Cross,  8.W. 

1890.  'ViBCEKT,    SwALB,  M.B.      Fhjsialogical    Laboratory,    University 

College,  Oftrdiff. 

1883.  •VMM,  SrDirer  Howabd,  M.A.,  D.Sc.,  F.R.S.,  F.L.a,  Professor  of 

Botany  in  the  University  of  Oiford,     Heodington  Hill,  Oxford. 

1891.  IVivian,  Stephen.     Llftntrisant. 

1886.  'Waclmll,  Samuel  Thomas^  J.P.    38  Portlaikd  Street,  LeAmington. 
1860.  tWaddingham,  John.  Guitrng  Grange,  Winchcombe,  Qloucastershirs. 
1900.  jWaddington,  Dr.  0.  E.    2  Marlborough  Road,  Manniugham,  Brad- 
ford. 
1890.  tWadsworth,  G.  H.    3  Southfield-squaro,  Bradford,  Yorkshire. 

1888.  JWadworth,  H.  A.    Breinton  Court,  near  Hereford. 

1890.  JWag£B,  Habold  V.'.  T.    Arnold  House,  Bass  Street,  Derby. 
1900.  $Wagstaff,  0.  J.  L.,  B.A.    8  Higbfield  Place,  Manningham,  Brad- 
ford. 

1896.  ]  Wailu,  Miu  JSilen.      JVoodmead,  Groombridge,  Sumex. 

1891.  t  Wailes,  T.  W.    23  Rinhmond-rond,  Cardiff'. 

1884.  (Wait,  Charlex  E.,  Professor  of  Chemistry  in  the  Uuiveraty  of  Ten- 

uestoe.    Knoxville,  Tennessee,  U.S.A. 
1886.  tWute,  J.  W.    The  Cedars,  Bestcot,  WalsoU. 
1870.  ^Waxi, CharlssSiakiland.    Weltoo,nearBrough,Eaat Yorkshire. 

1892.  t  TTa&o^,  .A>An.     EQ  Narthuinhtrland-itreet,  Edinburgh. 

1884.  tWaldstein,  Professor  C,  M.A.,  Ph.D.    Kioga  CoUege,  Cambridge. 
1891.  jWales,  H.  T.    Pontypridd. 

1891.  ^Walford,  Edward,  M.D.    Thanet  House,  Oathedral-rosd,  Cardiff. 
180*.  JWaltobd,  Edwim  A.,  F.G.S.    West  Bar,  Banbury. 

1882.  'Walkden,  Samuel,    Downside,  Wiutchuich,  Tarielock. 

1885.  JWalker,  Mr.  BaiUie.     C2  Victoria-street,  Aberdeen. 

1893.  {Walker,  Alfred  0.,  F.L.S.    UIcomb&-place,  Maidstone,  Kent. 
1880.  5  Walker,  A.'Tonnett.    The  Elms,  Weetwood,  Leeds. 

1807.  *Wa»eb,  B.  E.,  F.G.S.    Canadian  Bank  of  Oommerce,  Toronto. 
1688.  IWalkei,'  Mrs.  Emma.  - 13  Leudal,  York. 

1883.  t Walker,  E.  R.     Pagofield  Ironworks,  Wigan. 

1891.  ;  Walker,  Frederick  W.  Tnnnett.    Can  Manor,  Meanwood,  Lesda. 

1607.  {Walker,  Georf^e  Blake.    Tankersley  Grange,  near  Baraaley. 

1804.  'Wambb,  G.  T.,  M.A.     Trinity  College,  C*mbridge. 

1886.  JWalker,  H.     Weatwood,  Newport,  by  Dundee. 

1896.   JWalker,  Horace.     Belvidere-road,  Prince's  Park,  Liverpool. 
1600.  JWalker,  Dr.  James.    8  Windsor-terracB,  Dundee. 
1804.  'Walker,  Jamas,  M.A.    30  Norham-gardens,  Oxford. 


n,gti7cdT:G00glc 


LIST  OF  UEHBHR8. 


1866.  'WuxEB,  J.  Fbaxoo,  M.A.,  F.O.8.,  FJi.8.    4S  Bootham,  York. 
18S6.  'Walker,  Uajoi  Philip  BilWalej.    16  LIudftff  Street,  WaTcxlej', 

Sydney,  New  Soutt  Walw. 
1366.  tWalltei,  S.  B.    S8  HunpdsiHtreet,  NottiiwhAni. 
1884.  tWtlker,  Samuel.     Woodbmy,  Sydenham  Hill,  S.E.     - 

1888.  iWolkar,  Sydney  F.  186  Severn-road,  CardifT. 
1887.  ^Walker,  T.  A.  16  Great  George-ebeet,  S.W. 
1883.  {Walker,  Thomas  A.    66  Leyland-road,  Southport. 

Walker,  William.    47  Northumberland-atreet,  Edinburgh. 
1898.  JWiLXBH,  William  G.,  A.M.Inat.O.E.    47  Victorivetreet,  S.W. 
1896,  fWalker,  Colonel  William  Hall,  M.P.     Qataacni,  Liverpool 

1896.  IWalker,  W.J.  D.    Lawt«ncetown,  Co  Dovd,  Ireland. 
18S3.  JWall,  Henry.    14  Park-road,  Southport. 

1863.  tWiLLicx,  ALYKBDRiraaEL,D.0.L.,F.R.S.,F.L.S.,F3.G.S.   Corfe 
View,  ParkHtone,  Dorset 

1897.  jWaUace,  Obancallor.    Victoria  TJiuTeratr,  Toronto,  Canada. 
1893.  {Wallace,  Sobert  W.    14  Frederiek-atreet,  Edinfaorafa. 

1887.  "Wallsb,  Atransme  D.,  M.D.,  F.R.S.    Weeton  Lodge,  18  GroTe 
End-road,  N.W. 

1889.  *WalIiB,  Ajmold  J.,  M.A.    6  Belvoir-teirace,  Cambridge. 

1685.  tWiJ,Li8,  E.  Whub,  F.S.S.    Sanitary  Institute,  Parkea  Uoaenm, 
Manraret-8tr«t,  W. 

1883.  t'^aUU)  ^f-  Frederick.    Cuua  College,  Cambridge. 

1884.  {Wallia,  Herbert.    Redpath-etreet,  Montreal,  Canada. 

18S6.  JWalUa,  Whitwortjli,  F.S.A.  Chsvening,  MontAgue-road,  Edgbaaton, 


1894.  'WAuasLK,  A.  T.,  M.Inst.C.E.    Engineer's  Office,  Dover  Harbour. 
1887.  {Walmsley,  I.    Monton  Lodge,  Ecclei,  Manchester. 
1891.  { Walmaley,  R.  M.,  D.Sc.     Northampton  Institute,  Clerkenwell,  E.C. 
183.3.  \  Walmtlat,  T.  M.     CUveUtnds.  Charley-road,  Htaton,  Bolton. 

1886.  SWalsutghaic,  The  Right  Hon.  Lord,  LL.D.,  F.R.S.    Meiton  Hall, 

Thetford. 
1881.  {Walton,  Thomas,  M.A.     Oliver's  Mount  School,  Scarborough. 
1884.  {WanleaB,  John,  M.D.    88  Union-avenue,  Montreal,  Canada. 

1887.  {Wakd,  a.  W.,  M.A.,  Litt.D.     Maater  of  Peterhouse,  Cambridge. 

1881.  {Ward,  Gootr^,  F.O.S.    Buckingham-terrace,  Headinglej,  Leeda. 
1879.  {Wash,  H.  Marshall,  D.Sc.,  F.R.S.,  F.L.S.,  Professor  of  Botanr, 

University  of  Cambridge.     New  Museums,  Cambridge. 
1890.  {Ward,  Alderman  John.     Moor  Allerton  House,  Leeds. 
1874.  (Ward,  John,  J.P.,  F.S.A.    Lenoivale,  Belfcat. 
1887.  {Wabd,  John,  F.G.S.     28  Stafford-street,  Longton,  Slaffordshim. 
1867.  {Ward,  John  S.     Prospect  HUl,  Lisbum,  Ireland. 
1680.  'Ward,  J.  Wesney.    Red  House,  Rayensboume  Park,  Oatford,  S.E. 
1884.  'Ward,  John  William.    Newsteod,  Halifax. 
1887.  t'W'ard,  Thomas.     Brookfield  House,  Northwich. 

1882.  {Ward,  William.    Cleveland  Cottage,  Hill-lane,  Southampton. 

1867.  {Warden,  Alexander  J.    23  Panmure-etreet,  Dundee. 

1868.  {Waidle,  Sir  Thomas,  F.G.S.  St.  Ed watd -street,  Leek,  Staffordshire. 
1884.  {WardweU,  Oeoiwe  J.  31  Grove-street,  Ruttand,  Vermont,  U5.A. 
1867.  'Weiittg,  Richard  S.    Standard  Underground  Cable  Co.,  16Ui-atnet, 

Pittsburg,  Pennsylvania,  U.S.A. 
1876.  iWABnraTOW,  Robtot,  F.R.S.,  F.C.8.    Hjgh  Bank,  Harpandeii,  St. 
Albans,  Herts. 

1883.  {  Wamsr,  F.  I.,  F.L.S.     20  .Hyde  Street,  WitKhetttr. 

1884.  'Warner,  James D.    ll>9  Baltic-street,  Brooklyn,  U.S.A. 
1896.  t  ^arr.  -^^  -P-    *  Uvml/stoHt-tlnix  North,  Literpool. 

1806.  IWarrand,  Majoi^raeral,  R.E.    Westhorpe,  Southwell,  Middleaex. 


n,g  -ccT'GoOgIc 


U3T  OF  MEMBERS. 


1878.  X  Warren,  Algernon.    Dotmtmte,  Poriieiead, 

1887.  tWASSKT,  MwoT-Oenena  Sir  CoAKin,  R.E.,  K.G.B.,  G.O.M.Q., 

■     F.B.8.,  F.R.a^.    AthensBum  Club,  8.W. 
18D8,  tWuiinotoa,  Arthur  W.    Univerei^  College,  Aberyatwith. 

1898.  jWamick,  W.  D.    Balderton  Hoiwe,  Newwi-on-Trent. 

1876.  'WaterliauM,  Mnjoi-OeQeral  J.    Oak  Lodf^,  Court-road,  Eltham, 

Kent. 
1670.  tW»ten,  A.  T.  H..  U.D.    60  Bodford-street,  liTsrpool. 
1900.  $Wfttontoii,  Dmi.    16  MerehiMn  Terrace,  Edmburgh. 

1893.  tWatentoD,  Jama*  H.    37  Lutton-place,  Edinbiireh. 

187S.  tWatbmton,  Bot.  Alexander  Law,  M.A.,  F.B.A.S.    The  Orammar 

School,  Snoklaf,  LeicMterahire. 
1887.  XWaam,F.  W.    46 AurioiToad,  Weit Kmuiagton,  W. 

1884,  tWataon.  A.  Q.,  D.O.L.    TTplands,  Wadhurst,  Sussex. 

1B86.  ■Watson,  C.  J.      Alton  Oottage,  Botteville  Road,  Acock's  Greea, 

Birpiiagham. 
1883.  XWaUon,  C.  Kaigbt,  M.A.    49  Bedford-square,  W.C. 

1899.  {Watson,  Q.,  Aisoo.M.Iiwt.C.E.    SI  Springfield-moimt,  Leeds. 

1885.  X  WataoD,  Depaty  Snigeoii-General  Q.  A.    Hendre,  Overton  Fark, 

Ohaltenliain. 
1883.  tWATBOF,  Ber.  Henry  W.,  D.Sc.,  F.R.a    The  Rectory,  Berkeswell, 

Oorentry. 
18S4.  JWatsoD,  Jdm.    Queen's  Unireruty,  SingsUn,  Ontario,  Canada. 
16S9.  t'W'ataon,  John,  F.I.C.    P.O.  Box  317,  Johanneabnrg,  SouUi  Aftica. 
1863.  ^Watson,  JoeepL    BenBham-croTe,  QateHheBd. 

1863.  fWatson,  R.  Speace,  LL.D.,  F.R.a.S.    Beiiflham.^roTe,  Gateshead. 
1867.  tWataon,  Thomas  Donald.    16  St.  Uary's-road,  Bayswater,  W. 

1894.  'Watsos,  W.,  aSc.    7  Upper  Cheyne-row,  8.W. 

1893.  {Wateon,  William,  M.D.     WaTerlej  House,  Slateford,  Midlothian. 
1879.  •WxiB0K,WiLLUJiHBirai,F.C.8.,F.G.S.    Steelfield  Hall,  Qosforth, 
Oomberland. 

1883.  {  Watt,  Alexander.    19  Bronwtonravatue,  Sefton  Park,  lAoerpool, 

1884.  t  Watt,  D.  A.  P.    284  Upper  Stanley-street,  Montreal,  Canada. 

1869.  fWatt,  Robert  B.  R    Aahley-ATenne,  Bel&st. 
1888.  i  Watts,  R  H.    10  RiTere-etreet,  Bath. 

1876.  •Watts,  Johh,  RA.,  D.Sc.    Merton  College,  Oiford. 

1864.  'Watts,  Rev.  Canon  Robert  R    Stonrpaine  Vicarage,  Blandfori. 

1870.  SWatte,  William,  F.G.S.    Littla  Don  Waterworks,  Langsott,  near 


1896.  (Watts,  W.  H.    Elm  HaU,  Wavertree,  Uverpool. 

1873.  'Watis,  W.  MnMmr.T.,  D.Sc.    Qiggleawick  Grammar  School,  and 

Carrholme,  Sbuskhouae,  neat  Settle. 
1683.  •Watts,  W.  W.,  M.A.,  Sec  G.S.,  Aamatant  Professor  of  Gaology  in 

the  Mason    UuiTeraity   Collage,  Krmingham;  Holm  Wood, 

Bracebridge  Road,  Sntton  ColdMd. 
1691.  (Wangb,   Jamee.       ^her    Grade    School,    110   Newport-road, 

(Atdiff. 
1869.  t^oy;  Samuel  James.    Adelaide,  South  Australia. 

1683.  tWebb,  George.    6  Tenterden-street,  Bary,  Lancashire. 
1871.  tWebb,  Richard  M.    73  Grand-parade,  Brighton. 

1890.  X  Webb,  Sidnm.    4  Parh-village  Bait,  N.  W. 

1886.  JWiBMB,  MaioiM^eneral  0.  E.,  C.R,  M.Iniit.C.E.     17  Egerton- 
gaidans,  o.W. 

1891.  SWebber,  Thomao.    Kensington  Villa,  6  Salisbury-Toad,  Cardiff. 
1869.  jWebst«r,  John.    EdgehiU,  Aberdeen. 

1684.  *Wedekind,  Dr.  Ludwig,  ProfeHsor  of  Mathematics  at  Earlsmhe, 

48  WestendstiaBse,  Karlsruhe. 

^^^-  ^  ,  Google 


98  LIST  OF  MEMBERS. 

TMTOt 

1688.  t^eeb,  John  6.    Bedlingbm. 

1890.  'WeiM,  F.  Eraeat,  B.Sc.,  F.L.8.,  ProTAHor  of  Boteny  in  Oweni 

College,  Manchester. 
1886.  tWeise,  Henry.    Weatboorue-TOftd,  Binainsliam. 
1866.  tWalch,  Ohnatopher,  M.A.      Umted  UniTeiutT  Club,  FftU  Hall 

£M,  S.W. 
1894.{$Weld,  Mim.    Oooftl  More,  Norltua-gmKleDB,  Oxford. 
1876.  "Wbldoit,  ProfeaBor  W.  F.  R.,  M.A.,  F.R.8.,  F.L.8.    The  HnKimi 

Oxford. 

1880.  'Weldon,  M».    Merton  Lee,  Oxford. 

1807.  tWelfotd,  A.  R,  M.B.    Woodstock,  Ontario,  Canada. 

1881.  SWelloome,  Henry  S.     Snow  Hill  Bmldinm,  KG. 
1878.  {  Wblls,  OoASLm  A.,  A.l.E.E.    219  Higfa-atreet,  Lewea. 
1881.  jWeUa,  Rer.  Edward,  M.A.    West  Dean  Rectorr,  SaliBbory. 
1804.  IWella,  J.  O.    Selwood  Hoiue,  Shobnall-etfeet,  Burton-on-Xrent. 
1883.  t  Weleh,  Miw.    Girton  CoU^,  Oambrid«e. 

1881.  *Weulcick,  The  Riirbt  Hon.  Lord.    Eacnek  Park,  Yorkehire. 

Wentwortb,  Frederick  W.  T.  Vernon.    Weotwortb  Oaetle,  Bear 

Bamaley,  Yorkshire. 
1864.  *Waie,  Anthonv  Berwick.    Hemdiigfaatii,  WhltehaTeo,  Cumherlaad. 
1886.  •WertboimeT,  Juliua,  BA,,  B.Sc.,  F.C.8.,  Principal  of  and  Pro(e«or 

of  ChemiatTy  in  the  Merchant  Venturers'  Technical  College, 

Briatol. 
1866.  jWealej,  William  Henrj.    Royal  Agtionomical  Society,  Barliugtoii 

House,  W. 
1863.  tWeat,  Alfred,    Holdemesa-road,  Hull. 
1898.  JWest,  Charles  D.    Imperial  Unwersity,  Tokyo,  Japan. 
1863.  tWest,  Leonard.    Sammergange  Cottage,  Hull. 
1900.  {West,  William,  F.L.S.     26    Woodnlle  Terrace,  Horton  Lane, 

Bradford. 
1697.  tWeftem,  Alfred  E.    36  Lancaster-gate,  W. 
1883.  'WesHake,  Ernest,  F.O.S.    Vale  Lodge,  Vale  of  Health,  Hamp- 

etead,  N.W. 

1885.  JWestlake,  lUcbaid.    Fortswood,  SoathamptoQ. 

1883.  tWBXHXBXD,  Edward  B.,F.G.S.    4  St.  Margaiet'a-terrace,  Cbeltao- 

1900.  jWethey,  E.  R.,  M.A.,  FJ{,O.S.    6  Cunliffe  Villas,  M^pning^'m. 
Bradford. 

1886.  'WHiBTON,  Admiral  Sr  W.  J.  L.,  KC3.,  B.N.,  F.R.S.,  F.R.A5., 

F.R.G.S.,  Hydrogtapher  to  the  Admiralty.    Florja,  PrinoaV 
road,  WimbledoD  Park,  Surrey. 
1863.  tWheatley,  E.  B.    Cote  Wall,  Mirfield,  Yorkahiie. 

1884.  tWheeler,  Claude  L.,  M.D.    361  West  53nd-street,  New  York  Citv, 

tJ.8.A. 

1878.  'Wheeler,  W.  H.,  M.Inst.C.E.    Wyacote,  Boston,  liDadnshire. 
1688.  SWhelen,  John  Leman.    18Frognal,  Hampstead,  N.W. 

1885.  JWhelpton,  Miss  K.    Newnbam  College,  Cambridge. 
1893.  •Whbtham,  W.  O.  D.,  M.A.    Trinity  College,  Cambridge. 
1888.  'Whidbome,  Miss  Alice  Maria.    Charant^,  Torquay. 
16B8.  *Whid borne,  &Iis8  Conetance  Mary.    Cbarant4,  Tonquay. 

1879.  •Whikbobitb,  Rev.  Gbobse  Febbib,  MA.,  F.G.S.     The  Priorr, 

WestbuTT-on-Trym,  near  Bristol. 
1898.  'Whipple,  Rouert  3.    Scientific  Instrument  Company,  Cambridge, 
1874.  tWbitaker,  Henry,  M.D.    Fortwilliam  Terrace,  fielftat. 
1888.  "Wbitaker,  T.    Walton  House,  BurleY-io-Wharfodale. 
1868,  *WEiziKiR,  Wnjjut,  B.A.,  F.K8.,  F.G.S.    Freda,  Oampdon-raad, 

Croydon. 


LIST  OF  MEMBEBJ 


1884.  JWhitctier,  Arthur  Henry.      Dcmunion    Laud*   Office,  ynnnipeg, 

Guiada. 
1886.  itWhiteoinbe,  £.  B.    Borough  Asjlnm,  Winaon  Green,  BirmiiighaDi. 

1897.  jWhitcombe,  Oeoi^.    The  Wotton  Elnu,  Wotton,  Oloncettar. 
1886.  tWhite,  Aldeimsn,  J JE*.    Sir  Hu^e-ioad,  Edgtiutoii,  Binninghun. 

1876.  JWhite,  Aurm.    Ewdkle,  Argyll^e. 

1886.  fWhite,  A.  SUts.    47  CUoricftnle-gudeiM,  W. 
1883.  tWhite,  Ohulee.    23  Alexandra-Toed,  Southport 
1888.  IWhite,  aeorge.    OUre-etreet  Hotiae,  Briatol. 

1882.  tWbite,  Ber.  Oeoige  Cecil,  M.A.    Nntohalliog  Sectoty,   South- 

kmftoD. 
1686.  *Wbite,  J.  Martin.    Balruddery,  Dundee. 

1873.  tWhil«,  John.    Medina  Dodu,  Ooirei,  lale  of  Wight, 
1609.  tTF%tt«,  JbAn  Forbet.    811  UnitmrBlreet,  Ajberdem. 

1883.  {White,  John  Reed.    Roastll  School,  neu  Fleetwood. 
1866.  JWhite,  Joseph.    6  Southwell-gatdeni.  8.W. 

1696.  tWbitw,  Philip  J.,  M.B.,  ProfeesoT  of  Zoology  in  UniTSruty  College, 
Buwor,  NoTtb  W&les. 

1884.  tWhite,R.    'Ouette'  Office,  Montreal,  CmuIa. 

1898.  tWhite,  Samuel.    Clare-etreet  House,  Bristol. 
1860.  tWhite,Thamu  Henry.     TandTagee,  Ireland. 

1877.  "Wliite,  'Williani.     66  Cambridgthgardens,  NotOnp  Hill,  W, 
1883.  'White,  Mre.    66  Cambtidge-^rdeiiB,  Notting  HiU,  W. 

1866.  *Wliit«,  William.    The  Ruskm  UuMum,  Sheffield. 

1897.  •WHiTii,SiiW.H.,K.C.B.,F.R.S.    The  Admiralty,  Whitehall, S.W. 
1888.  t'WhiteliMd,  P.  J.    6  CrogMtreet,  Southport 
1893.  SWhiteley,    R.    Lloyd,    F.C.S.,    F.I.C.     80   Beechee-road,   West 
Bromwich. 

1881.  IWhitfield,  John,  F.O.S.    113  Weetborongh,  Scarborough. 
1863.  X'^/'ifl",  Valentine.    Smeden,  Brifatt. 

1900.  S Whitley,  E.  N.    Heath  Eoyde,  Halifax. 

1891.  {Whitmell,  Charles  T.,  M.A.,  B.Sc.  Invermay, Headintrley,  Leeds. 
1886.  SWhitney,  Colonel  C.  A.  The  Grange,  Fulwood  Park,  Li\erpooL 
IS97.  SWHiTTAKEit,  E.  T.,  M.A.    Trinity  College,  Cambridge. 

1867.  •WHnxr,  Kev.  Johk  Irwikb,  M.A,,  D.O.L.,  LLJ>.    11  Poplar- 

road,  Ratnsgate. 
J887    JWhitwall,  William.    0\erdene,  Saltbuni-by-the-Sea. 

1874.  'Whitwill,  Mark.    1  Berkeley-square.  Clifton,  Bristol. 
1883.  tWhitworth,  James.     88  Portland-street,  Southport. 
1870.  tWhitworth,  Hev.  W.  Allen,  M.A.     7  Mai^vet^street,  W, 
1683.  SWhyte,  Peter,  M.InsLC.E.    8  Clifton-terrace,  Fdinlmigh. 
1897.  iWickett,  M.,  Ph.D.    339  Berkeley-street,  Toronto,  Canada. 
1888.  IWickham,  Ber.  F.  D.  C.    Horsington  Rectory,  Bath. 

1866.  t  Wiggin,  Sir  H.,  Bart.    Metohley  Grange,  Harborne,  Birmingham. 

1886.  iWiggin,  Henry  A.    The  Lea,  Harborne,  Biimin^ham. 
1696-  tWigglesworth,  J.    County  Asvlum,  Rainhill,  Liverpool. 

1868.  tWigglesworth,  Mrs.    S3  WestDonrae-groTe,  Scarborough. 
1678.  tWigbun,  John  R.    Albany  House,  Monkatown,  Dublin. 

188B.  •Wilberforce,  Professor  L.  R.,  M.A.     University  ColU^,  Liverpool. 

1887.  IWild,  George.     Bardsley  Colliery,  Aehton-under-Lyne. 

1887.  'WiLDB,  Hbsrt.D.Sc.,  F.R.8.  The  Hurst, Alderley  Edge,CbeBhi». 
1696.  tWildenuBiiu,  Meyer.     2^  Park-crescent,  Oxford. 
1887.  t  IViUtimim,  C.  H.     Slaithtcaitt,  ntar  Hudderifield. 
1900.  JWilMnson,  J.  B.    Dudley  HiU,  Bradford. 

1882.  tWiUdnson,  Bev.    J.  Frame.,  M.A.     Bailey   Rectory,    Boyston, 

Herts. 
1886.  *Wilkitisoo,  J.  H.    Elnihunt  Hall,  Idchfield. 

n,,r,-.T-.yG00glc 


00  LIST  OF  MEMBERS. 

1879.  IWiUiBioii,  JoMph.    Tork. 

1887.  *  WDkuiKin,  Thomu  Bead.    Vale  Bank,  Enut^ronl,  CbMhin. 

1873.  t'WUkuuon,  Wmum.    168  Nortli-«trMt,  Brighton. 

1890.  t\raiuis,  J.  W.    EirkataU,  Leeds. 

1673,  XWiLLxa,  Hekbt.    Araold  Hoase,  Brighton. 
1894,  iWillej,  Arthur.    New  Husentne,  Cunloidge. 

1891.  t'W^iUiftnu,  Arthur  J.,  M.F.    Ooedjmwstwr,  near  ^dgsnd. 

1661.  'TCiUiajna,  OhwlM  Theodore,  UJi..,  U.R     2  Upper  Brook-etieet, 

OroBrenor-Miiare,  W. 
1887.  JWilliMni,  Sir  E!  Leader,  M.L»t.G.E.    The  Oido,  Altrinchun. 
1683.  ■WiUumi,  Edward  SUrhuck.     Ty-tr-y-grtlg,  Swanaea. 
1661.  ■WmUma,  Hanj  Samoel,  MA.,  F.RA.S.    6  Heathfield,  Swansea. 

1876.  'Williama,  Rev.  Herbert  Addanu.    Llangibby  Koctoiy,  near  New- 

port, Monmoutfashire. 
1883.  tWilWiB,  Bar.  H.  Albon,  M.A.    Ohrist  Church,  Oxford. 
1688.  twmiams,  Jamea.    BUdnd  ^^IlU,  Entrj  Hill,  Bath. 
1691.  {Williams,  J.  A.  B.,  M.InsLC.E.     Liogfield  Grange,  &aii3aome 

Park,  Boumemouth. 
1683.  *Willuiii.'>,  UiB.  J.  Daviu.    3  Urd  Street  West,  Soathport 

1887.  tWilliame,  J.  Francis,  Ph.D.    Salem,  New  York,  U.aA. 

1868.  ■^ViUiairiB,  Miss  Katharine  T.     Llandaff  House,  Pembtoke  Vale, 

Clifton,  Bristol. 
187C.  •■Wmiami,  M.  B.    Killav  Honae,  Killay,  R.S.O. 
1691.  ^Williams,  Morgan.     5  Park-place,  Cardiff. 
1686.  tWiltiama,  Richard,  J.P.    Brunsxrick  Rouse,  'Wednetbarr. 
1883.  iWilliams,  K.  Price.      38  Compavne-gardens,  West    fiampstead, 

London,  N.W. 

1888.  tWilliams,  T.  H.    21  Strand- street,  Liverpool. 

1877.  •Wir.LiAMs,  W.  CiRLETOif,  F.C.S.     UnivaraitT  CoUege,  Shflffield. 
1683.  tWiliismeon,  Miss.    Sunaybank,  lUpon.  Yorkiliire. 

1860.  "WiLLiuraoir,  AtBiijniBE  ■WrLLiAn,  Ph.D.,  LL.D.,  D.C.L.,F.R.8., 

High  Htibld,  Haslemere. 
1867.  tWiLUAKsoH,  BxitiAinN,  M.A,,  D.C.L.,  F.R.S.     Trinitr  CoUeoe, 

Dublin. 
1876.  tWilliamson,  Bev.  F.  J.    Ballftntrae,  Girvsj),  N.R 
1863.  tWiUianuon.  John.    South  Shields. 
1806.  tWiLLiHK,  W.    14  Castle-street,  Liverpool. 
1896.  ]  Willis,  John  0.,  M.A .,  Director  of  the  Royal  Botanical  Oaideua, 

Ceylon. 
1896.55WILL180S,  J.  S,     Toronto,  Canada. 
1882.  tWillmore,  Charles.    Queenwond  College,  near  Stockhridgfl,  Hants, 

1869.  'Willi,  The  Hon.  Sir  Alfred.     Chelsea  Lodge,  Tite-stroet,  aW. 
1886.  JWilla,  A.  W.    Wylde  Green,  Erdington,  Birmingham. 

1898.  SWjlIa,  H.  H.    Barley  Wood,  Wrin^n,  RS.O.,  Someiaet. 
1890.  I  \MllMn,  George.    The  Rosarj,  Wendover,  Trinfr- 
1809.  SWillun,  Mrs.  George.    The  Rosaiy,  Wendover,  Tring. 
1886.  tWilson,  Alexander  B.     Holywood,  Belfast. 
1886,  JWilson,  Alexander  H.    2  Albjii-iJaee,  Aberdeen. 

1878.  t  Wilson,  Professor  Alexander  8.,  M.A.,  RSc.    Free  Cbureh  Manse, 

North  Queensferry. 
1676.  tWiUon,  Dr.  Andrew.     IIS  Gilmoie-place,  Edinburgh. 
1894.  'Wilson,  Charles  J.,  F.LC,  F.C.S.    J4  Old  Queen-etree 

:.c.3 

,  V,  Google 


1894.  'Wilson,  Charles  J.,  F.LC,  F.C.S. 

ator,  S.W. 
1874.  IWiLSOir,  M«ior-General  Sir  C.  W.,  R.E..K.O.B.,K.C.M.G.,D.CJk, 

F.E.S.,  F.R.G.S.    The  Atheneum  Clah,  S.W. 
1876.  t  Wilson,  David.    124  BothweU-atreet,  Glasgow. 
1900.  'Wilson,  Duncan  XL    Menethorpe,  Malton, 


LIST   OF   TlTRMBPIRfl, 


LS90,  tWilKm,  Edmund.    Deniaon  H&U,  Leeds. 

1863.  JWiUon,  Frederic  R.    AIdfic^,  NoTthumlMTlaiid. 

1847.  "Wileoii,  Frederick.     90  Albany-^trBet,  N.W. 

1876.  tWii«ni,aBiH»BFBBanBBoir,FJl.S.,F.0.8.,Fi.S.    HeatberbMik, 

Weytridga  H«th,  Surrey. 
LS74.  *WU«OD,  Geoige  On.    Dimardaeh,  Blockrock,  Co.  Dublin. 
1863.  I  WiboD,  George  W.    Heron  mU,  Hawick,  »3. 
1896.  IWilaon,  Gregg.     The  Univenity,  Edinburgh. 
1B83.  'WHaon,  Heiuy,  U.A.    Fsmborougb  Lodge,  Fintborougb,  RS.O., 

Kent 
879.  tWilMD,  Ibiuy  J.    SC&  Rtsmoor-road,  Sheffield. 
[686.  iWiboD,  J.  Dove,  LL.D.    17  Rubialaw-terrace,  Aberdeen. 
.890.  IWilaoD,  J.  MilchaU,  M.D.    61  BaU  Qate,  Doncaster. 
866.  JWILSOK,  Ven.  Archdeacon  Jakes  U.,  M.A.,  F.O.S.    The  Vicarage, 

Rochdale. 
684.  tWilaon,  James  S.  Qnnt.    Geological  Sorrej  Office,  Sheriff  Coiut- 


ildings,  Edinburgh. 
t,  John  r    "  "      ' 


896.  }  Wiiwn,  John  H.,  D.Sc.,  F.R.S.E.,  Profettor  qf  Botany,  TorkiMrt 

CoUege,  LeeAi. 

878.  (Wilson,  Joho  WrdiiTe.    EMtboome,  East  Bank-road,  Sheffield. 
876.  tWilaon,  R.  W.  R.    St.  Stephen's  Club,  Weatminater,  aW. 
847.  'Wilaon,  Rev.  Sumner.    Frteton  Candover  VicaiBRe,  Baringatoke, 
663,  JWilaoD,  T.    Rivers  Lodge,  Harpenden,  Hertfordshire. 
861.  J  Wibon,  Thoa.  Bright.    4  Hope  View,  FaOovJUid,  Manchetter. 
892.  jWilBOD,  T.  Stocey,  M.D.     Wyddrington,  Edgbasttin,  Birminghnm. 
887.  IWilsoD,  W.,  jun.     Hillocks  of  Terpersio,  by  Alford,  Aberdeenshire. 
871.  *Wiuos,  WiLLi&M  E.,  F.R.S.    Danunona  House,  Streete,  Rath. 

owen,  Ireland. 
S61.  "WiLiBHiRZ,  Rev.  Thokas,  M.A.,  D.Sc.,  F.G.S.,  F.U%,  F.K.A.S. 

26  Granville-park,  Lewisham,  S.E. 
377,  JWindeatt,  T,  W.  Dart  View.  Totnes. 
i86.  tWixDLB,  Bbbthau  0.  A.,  M.A.,  M.D.,  D.Sc.,  F.R.8.,  I>TofeBaor  of 

Anatomy  in  Mason  Ccdlege,  Birmingham. 
i87.  XWitidtor,  WitHam  Tetnmotul.     Sandiway,  A»hton-<at-Xeriey. 
MS.  *Wiinroov,  Bev.  H.  H.,  M,A.,  F.G.S.    11  Cavendiih-creaceot,  Bkth. 
(88.  JWoDBHOirsB,  Right  Hon.  E.  R.,  M.P.    66  Cheste^mnare,  S.W. 
176.  t Wolpb-Baret,  Sit  Johit,  K.C.B.,  F.R.S.,  JtlnstCE.    21  Delahay- 

street,  Westminater,  8.W. 

83.  tWolfanden,  Samuel.    Cowley  Hill,  St.  Helens,  lAncuhire. 
08.  tWollaaton,  O.  H     Clifton  College,  Bristol. 

84.  fWomack,  Frederick,  M.A.,  B.Sc.,  Lectonr  on  Physics  and  Applied 

Matliematics  at  St.  BorthoIconew'B  HospitaL    Bedford  CoUege, 

B»ker-street,  W. 
33.  {Wood,  Mtb.  a.  J.    6  Cambridg»i;Brdens,  Richmond,  Surrey. 
S3.  'Wood,  Collingwood  L.     Fraeland,  Forguidenny,  N.B. 
33.  t  Wood,  Miss  Emily  F.    Egerton  Lodge,  near  Bolton,  Lancashire. 
rS.  'Wood,  George  mlliam  I^yner.    Singleton,  Manchester. 
rS.  :tWoa]),  Sir  H.  Tbttbiu^t,   M.A.    Society   of  Arts,  John  Street, 

Adelphi,  W.C,  and  16  Leinster  Square,  Bayswater,  W. 
<3.  *Wood,  J.  H.     21  Westboume  Road,  Birkdale. 
tS.  }Wood,  Joseph  T.     29  MusterVroad,  West  Bridgeford,  If ottingbaoi' 

IS.  [Wood,  Mrs.  Mary.    Care  of  E.  P.  Sherwood,  Esq.  Holmes  VUls, 

Botherham. 
4.  (Wood,  Richard,  M.D.    Driffield,  Yorkshire. 
1.  jWood,  Provost  T.    Baileyfield,Portobello,  EiJinbnrgli, 
9.  'Wood,  W.  Hofiman.    Beu  Rhydding,  Yorkshire. 


n,g  -ccT'GoOgIc 


LIST  OF  MEMBEES. 


187S.  IWood,  'VnOiam  Robert    Ouliale  House,  Brififaton. 

1846.  'Wood,  Rer.  'Wifliam  Sdcer,  11  A.,  D J).    Waldington,  Ctnnbe  PtA, 

Bath. 
1603.  'Woosuj,,  Josw    WoosALL,  M.A.,  F.Q.S.    C  QueenVinaiiaiona, 

Victoria-BtroBt,  8.W. 
1884.  JWoodbury,  C.  J.  H.    31  Milk-street,  Boston,  U.S.A. 

1883.  tWoodcock,  Herbert  S.    The  Ehns,  Wigan. 

1884.  :tW'oodd,  Arthur  B.     Woodlands,  Hampstead,  N.W. 

1896.  jWooDHHU),  Pro&asor  G.  tinis,  M.D.    Pathotogical  Laboratoi7, 

Gambridre. 
1888.  *Woodiwiw,  Mtb.  Alfted.     'Weaton  Manor,  Birkdale,  Lancashire. 
1879.  tTFoM^nuin,  Jama.     26  Albany-villia,  Hovf,  Suuex. 

■Woods,  Ehwakd,  M.Inst.O.E.    8  Victoria-street,  Weatminster,  S.'W. 
Woods,  SAKcm.    1  Drapers'-eardeiu,  Thr^ntortou-street,  KO. 
1887.  * WooDWABD,  AKraus  Surra,  LL.D..F.L.S.,  F.O.S.,  Asnetant  Keeper 
of   the   Department   of  Oeoloj^,   British   Museum   (Natural 
History),  Orom well-road,  S.W. 
1669.  'WaODWAKD,  C.  J.,  B.Sc,  F.O.S.     97  Harbome-rosd,  BirmiDghaiii. 
1886.  JWoodward,  Harry  PaRe,  F.Q.S.      129  Beantbrt-Btreet,  S.W. 
1666.  tWooDWASD,  Hkhbt,  LL.D.,  F.R.S.,  F.Q.S.,  Keeper  of  the  Depart- 

oent  of  Qeologj,  British  Museum  (Natural  Historr),  Oromwell* 

road,  8.W. 
1870,  tWooDwARS,  HOKAOB  B.,  F.B.S.,  F.O.S.      Geological    Museum, 

Jarmjm-etreet,  S.W. 
1884.  *Woodwaid,  Joho  Harold.     IS  Queen  Anne's-gate,  Weetminster, 

8.W. 
1884.  •Woolcock,  Henry.    Bickerbr  House,  St.  Bees. 
1890.  •WooUcombe,  Robert  Lloyd,  M.A.,  LL.D.,  F.I.Inst,  F.S.a,  M.R,I.  A., 

F.R.S.A.  (Ireland).     14  Waterloo- road,  Dublin. 
1677.  JWoollcombe,   Surgeon-Major  Robert  W.      14   Acre-place,  Stoke, 

Devonport. 

1883.  *Woolley,  George  Stephen.     Victoria  Bridge,  Manchest«r. 
1856.  tWoolley,  Tbomas  Smith.    South  Collingham,  Newark. 
1874.  XWorkman,  Charlei.     Oara,  WituUor,  Btifatt. 
1899.|iWorkman,  Thomas.     Oraigdarragh,  Oo.  Down. 

187a  tWonnell,  Richard,  M.A.,  D.Sc.     Boydon,  near  Ware,  Hertford- 

1863.  'Worsley,  Philip  J.    Rodney  Lodge,  Olifton,  Briatol. 
186C.  "Worthingtou.RaT.  Aliivd  William,B.A.  Old  Swinfoid, Stourbridge. 
1856.  X  Worthy,  George  S.     3  Arlington  Terrace,  Momingtoti  Creteent, 
Sampitead  Road,  N.  W. 

1884.  JWragge,  Edmund.    109  Welleelay-street,  Toronto,  Canada. 
1896.  (Wrench,  Edward  M.,  F.R.C.S.     Park  Lodge,  Baatow. 

1879.  fWrentmore,  Francis.    34  Holland  Villas-road,  EensingtoD,  aW. 
1883.  'Wright,  Rev.  Arthur,  M.A.    Queen's  College,  Cambridge. 

1883.  'Wright,  Rev.  Benjamin,  M.A.    Sandon  Rectory,  Cbelmrford. 
1890.  tWright,  Dr.  O.  J.    Virginia-road,  Leeds. 

1867.  JWBieHT,  E.  Pbectval,  M.A.,  M.D.,  F.L.S.,  M.RXA.,  Profewor 
of  Botany  and  Director  of  the  Museum,  Dublin  tFniT6Mity. 
5  Trinity  College,  Dublin. 

1886.  tWright,  Frederick  William.    4  Fall-street,  Derby. 

1884.  jWright,  Harrison.    Wilkea'  Barrfi,  PennaylTania,U.aA. 
1876.  tWri(;ht,  James.     114  Joha-atreet,  Glasgow. 

1860.  iW.-ih'ht,  J.  S.    166  Brearley-etreet  West,  BirminriuuD. 

1884.  tWBioHT,  Profeaaor  R.  Kamsat,  M.A.,  B.Sc.    UniTentty  Oollego 

Toronto,  Canada. 
1876.  tWright,  WiUiam.    31  Queen  Mary-avenue,  Glasgow. 


,  V,  Google 


LI8T  OF  MEMBEBS. 


971.  t'WsiBHnoif,SirTHOi[AB,Bart,]tLP.,M.IiiatC.E.,F.G.S.  Neuhun 
Han,  Dulington. 

398.  {Wrong,  Frofeuor  Qeorge  M.    Ttte  Dniyenitj,  Toronto,  OaDada, 

987.  tWjld,  Frederick.    127  St.  Qeorg»«treet,  Toronto,  Ounwlft. 

383.{{W7Uje,  Andrew.     Sandown,  Southpoit. 

jee.  J  Wyneae,  Jamei  D.,  M.D.    349  Dnion-rtreet,  Aberdeen. 

971.  JWynii,  Mrs.  Willi&ma.     Plu-rn-Oefn,  St.  Auph. 

303.  tWTKm,  AKTHim  Botob,  F.Q.S.  Q«ologicia  Suire;  Office,  14 
Hnme-Btteet,  Dublin. 

m.iiWTKfm,  W.  P.,  D.8c.,  F.B.S.  10  Selwood-tentice,  Sonth  Ken- 
sington, aw. 

176.  t^abbicom,  Tbomas  Hennr.    S3  Oakfleld-roBd,  Olifton,  Bristol 
'YuboTOiwh,  Qeotgo  Cook.    Camp's  Mount,  Doncaster. 

)M.  •TaiTow,  A.  F,    PcroJar,  E. 

983.JYateB,  Jamee.    Public  Library,  Leedi. 

i86.  JYateB,  Bar.  S.  A.  Thompeon.    43  Phillimoro-gardeiu,  8.W. 

i87.  {Teats,  Di.    Obepstow. 

184.  {Tee,  Fung.    Oare  of  R.  E.  0.  Fittock,  Eaq.,  Shanghai,  China. 

177.  tToiige,  B«T.  Duke.    Fuolinch,  Tealmpton,  Devon. 
m.  tYorath,  Aldarman  T.  V.     Cardiff. 

184.  {York,  F^«derick.    87Lancast«r-rDAd,  NottingHill,  W. 

ei.  {Young,  Alfred  0.,  F.O.S.    64  Tjrwhitt-roed,  St.  John's,  9S. 

186.  'Yoinre,  A.  H.,  U.B.,  F.B.C.S.,  Professor  of  Anatomy  in  Owens 

OoUege,  Msnchester. 
84.  tYoung,  Sir  Frederick,  K.C.M.G.    6  Queensberry-place,  S.W. 
04.  'Young,  Oeorge,  Ph.D.    University  College,  Sheffield. 
84.  {Young,  Professor  George  Fszton.  121  Bloor-Btreet,ToTonto,Canade. 
76.  JYoTTife,  JoHH,  M.D.,  Profeeeor  of  Natural  History  in  the  UniveTsity 

of  Glasgow.    38  Cecil-street,  Hillhead,  Glasgow. 
66.  [Young,  J,  Denholm.    88  Canning-street,  Liverpool. 
6S.  {Young,  B.  Bruce.     8  Crown-gardeDB,  Dowanhili,  Glsf^w. 
S6.  SY'onng,  B.  Fisher.    New  Barnet,  Herts. 
83.  'Yocse,  SiDirzT,  D.Sc.,  r.R.S.,  Professor  of  Chemistry  in  University 

CoUm^,  Bristol,     10  Windsor-temce,  Cliften,  Bristol 

37.  {Young,  ^dney.     29  Mwk-Une,  E.C, 

».  {Young,  T.  Graham,  F.R.aE.    WestEeld,  West  Caldei,  Scotland. 

38.  {Youngs,  John.    Kchmond  Hill,  Norwich. 

)6.  {Zair,  George,    Arden  Grange,  Solihull,  Birmingliam. 
i6.  {Zair,  John,    Merle  Lodge,  JUoseley,  BirminKluuiL. 


n,gti7cdT:G00glc 


CORRESPONDING 


CORRESPONDING-  MEMBERS. 


1887.  Frafwaor  OleveUnd  Abbe.    Weather  Buiesu,  Department  of  Agri- 

cnltoM,  Waahiiwtoii,  D.C.,  TJAA. 
1892.  Frofeeaor  Svuite  Anneniiu.    The  Univerntr,  Stockholm.    (B«g»- 

gatui  16). 
1881.  Professor  Q.  F.  Barker.     Univeraity  of  PeimBylTOnia,  Phfl»delplaa, 

U.3.A.    (3909,  Locust-street). 
1897.  Professor  Oarl  Barua.    Brown  Univerritj,  ProrideDce,  R.I.,  TJ.SA. 
1894.  Professor  F.  Beikteiu.    8tli  line,  No.  17,  St  Peteniburg. 
1894.  Profesaor  E.  vut  Benedeu.    50  quki  dee  Pecheors,  Li«ge,  Bd)piim. 
1887.  Professor  A.  Bemthsen,  Ph.D.    Mannh*am,  L  11,  4,  GermMiy. 

1892.  Professor  M.  Bertrand.     76  rue  de  Vaugirard,  Paris. 

1894.  Deputy  Suitteoa-Oenanl  J.  S.  BLUinin.    40  Lalkjette  Place,  New 

York,  O.S.A. 

1895,  Professor  Chrtstiaii  Bobr.    Bred«ade  62,  Copenbageu,  Denma^ 
1880.  Professor  Lodwig  Boltuuann.    IXjl.  Turkenstiwee  R,  Tienna. 
1887.  Professor  Lewis  Boss.     Dudley  Obserratotr,  Albany,  New  ToA, 

U.SA. 
1884.  Professor  11.  P.  Bowditch,  Af.D.    Barrard  Medical  School,  Bo«toii, 

Massachusetts,  U.S.A.. 
1890.  Professor  Dr.  L.  Breota^io.    Maximilian-plati  1,  Uunchen. 

1893.  Professor  Dr.  W.  0.  Brogger.    Unitersitets  Mineralogske  Institiite, 

Ktistiania,  Norway. 
1887.  Professor  J.  W,  Briihl.    Heidelberg. 
1884.  Professor  Oeorge  J,  K^usb.     Yale  TJniTertity,  New  Havm,  Conn., 

U.S.A. 

1894.  Professor  D.  H.  Campbell.    Stanford  UniTeroty,  Palo  Alto,  Cali- 

foraia,  n.S.A. 
1807.  U.  C.  de  OtmdoUe.    3  Cour  da  St.  Pierre,  OeueTa,  Switzerland. 
1887.  Professor  O.  Oapellim.    6S  Via  Zamboui,  Bologna. 
1887.  Hofiath  Dr.  H.  Caro.    C.  8,  No.  9,  Mannheim. 
1894.  Emile  Gattailhac.    6  Rue  de  la  Chalne,  Toulouse,  France. 
1861.  Professor  Dr.  J.  Victor  Carus.    UniTeiBitatatiasae  lC,Leipxig. 
1894.  Dr.  A.  Ohauveau.    Hue  Ouvier?,  Paris. 
1887.  F.   W.  Clarke.     United   Sutea  Geological    Suivey,  Washingtai, 

U.8.A. 
1873.  Professor  Ouido  Cora.    Via  Ooito  2,  Rome. 
1880.  Professor  Oomu.    Rue  de  Qrenelle  »,  Paris. 
1870.  J.  M.  Crafts,  M.D.    L'Ecob  des  Mines,  Paris. 
1876.  Professor  Luigi  Cremona.    5  Piecza  3.  Retro  in  Vincoli,  Rome. 
1889.  W.  H.  DalL    United  States  QeoI(«ical  Surrey,  WBdiii«toii,  D.C, 

U.S.A. 
1872.  ProiesBor  G.  Dewalque.    17  me  de  la  Pmx,  liSgo,  Belgium. 


COBRESPONDIKa  MEHBESS.  106 

Tmot 

1670.  Dt.  Anton  Dohm,  D.aL.    Nkplea. 

1890.  ProbMor  V.  DweleluuTeTS-De^.    6  Quu  HuceUii,  Li^,  Balgiiun. 

1876.  ProfmoT  AI1»rta  Eccher.    Florence. 

1694.  Profemor  Dr.  W.  EintboveD.    Leiden,  Nethetlanda. 

less,  '^feaior  F.  Elfnog.    HdsLngfore,  Finluid. 

1B84.  Profuaor  T.  W.  W.  Engelmann,  D.O.L.    Neue  WilholmtbaBM  16, 

Berlin,  N.W. 
180S.  ProfeasoT  LSo  Eners.    38  Rue  de  la  Loi,  SruBgels. 

1874.  Dr.  W.  Feddenen.    Oftrolinenstreue  8,  Ldpiig. 
1886,  Dr.  Otto  Kiuich.    Leiden,  NetherUnda. 

1867.  Profeaor  Dr.  R.Fittig.    Stnasbui^. 

J8W.  PK)feMorWilhelmFoer8tar,D.C.L.    Endw Plat*  Si, Berlin, S.W. 48. 

1875.  W.  de  FonTielle.    60  Rue  des  Abbeaaea,  Paiia, 

16B4.  Profeaaot  lAon  Fiedericq.    Rue  de  Rtteura  20,  Li«ge,  Belgium, 
1867.  Professor  Dr,  Anton  Fritadi.    66  WenMlaiOftti,  Pni|ne. 
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Cunbridn  Pliilowpbical  Sodetf, 
Cardiff,  UniTeiritT  Collage. 
OorawkDiBoyii  Gwdogical  Bociatyof. 
Dublin,  Oaokvioal  Bnrrej  of  Irauad. 
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Dondee,  umvemty  Oollega. 
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>,  Graenwioh,  Royil  Obaomtoiy. 
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,  mi^s  Oolle^. 
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Norwich,  The  Free  Library. 
Nottingham,  The  Free  liteary. 
Ox&aa,  Aahme^ean  Soda^. 

,  Raddifib  Obaarr^ory. 
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•ehaften. 

Bona   Univeimty  Litirwy. 

BnuMb  Boyal    Academ;    of 

SciimcM. 

Oharkow UDivendty  Libnuy. 

CoimbTa Meteofologicftl      Ub- 

HTTatorr. 
CopenbagBD    ...Borsl      ^oeietj     of 

Sdencee. 
Dorpat,B°8*>^-UiiiTerBity  Librerj. 

DraMeu   Kofftl  MuMum. 

Frankfort    .'.....Natural  History   S> 

dety. 
Ottaeva Natural  History  So- 
ciety. 

GSttingen    ITuiTeteity  Library. 

Ortti  Natttrwisgeoscbaft' 

*  ■  ■  licher  Verein. 

Halle    LeopoIduuKh-Caro- 

linieclie  Akademie. 
Haxlem    ., Society     HoUaudaisa 

des  Sciences. 

Hwdelberg Univeruty  Library. 

Hslnugfors TlniverMty  Library. 

Jena UniierHity  library. 

Eaxau, Russia. ..TJuiTernty  Library. 

Kiel Boyal  Ohaerratory. 

Kiev UniTersity  library, 

Lausaime The  UniTorrilT. 

LOTden    University  LiWry. 

jMg6  UuiTeraity  Library. 

IdflboD Academia    Keal   dee 

Suences. 


IBUii    The  Inalitute. 

Modeua    Boyal  Academy. 

Moscow  Society  of  Natoraliata. 

UniTerd^  Libraiy. 

Muuii^    UuiTeiuty  Libraiy. 

Naples ^"T*^    Academy    of 

Sciences. 

NicolaieS'. .TJniTersiiy  library. 

Paris   Aasociatioii  FnujfaiEe 

pour  I'Avancemeiit 
dee  Sciences. 

Oewraphical  Society. 

Geological  Sodety. 

^T»^    Academy     of 

Sciences. 

School  of  Minee. 

PultoTa  Imperial  Ofaearratory, 

Rome  Accadeima  dei  lincei. 

x..Collegio  Romano. 

-    Italian    Oeograpbical 

Sodety. 

Italian     Sode^     of 

Sciences. 
St.  Peteraburg  ,  Univerdty  library. 

Imperial  Observatory. 

Stockholm  Royal  Academ  v. 

Turin   Royal     Academy    of 

&netices. 

Utrecht  Univeisty  Library. 

Vienna The  Imperial  Lilnry. 

Central    Anstalt   fur 

Metaorolt^ie      und 
Elrdmaffnetiimua. 
Zurich OenenJ  Swiss  Society. 


Agra    TheCollepe. 

Bombay  £li)hiiutoDe    Institu- 

.Grant    Medical  Col- 
lege. 

Calcutta Asiatic  Society. 

■     -        Hooghly  College. 


Calcutta ....Medical  College. 

Presidency  Colle^. 

Ceylon TlieMuaeum,Colombo. 

Madras.... The  Observatory. 

...Univerrity  librnry. 

Tokyo Imperial  UniTersity. 


AFRICA. 
Cape  of  Good  Hope  .    .    .  The  Royal  Observatorj. 
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